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Abstract

Chronic constipation is a relatively frequent symptom; among
its subtypes, the so called-colonic inertia represents a disease
condition that is often considered for surgery. However, to
date, there has been no agreement on definition of colonic
inertia, and a literature review showed that this definition
was given to numerous entities that differ from each other.
In this paper these concepts are reviewed and a more
stringent definition of colonic inertia is proposed.
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INTRODUCTION

Starting from the (interrupted) building of the Babylon Tower,
human beings have been plagued by adifficulty in understanding
each other, even for that concerns trivial concepts. Thisis
especialy trueinthe medicd field, and the concept of functional
gastrointestinal disorders appears to be a particularly fertile
one. In fact, apparently simple complaints such as dyspepsia,
diarrhea and constipation bear no single label and are still
varioudly defined. A few years ago, a process was started that
aimed at having at least acommon discussion ground in defining
functional gastrointestinal disorders. This process, through
thework of several working teams, produced aseriesof documents
to define the various functional gastrointestinal entities by
meansof theso-called RomeCriteria, now intheir second version
(Romell Criteria)i¥.

Defining and diagnosing constipation

Chronic congtipation is one of the most common gastrointestinal
complaints?, and is usually defined by symptoms such as
infrequent bowel movements, the presence of hard stools, an
excessive time necessary to evacuate, straining, and the sense
of incomplete evacuation of the bowel.,

The Rome!I Criteriafor condtipation” are shownin Table 1.
Although these criteria represent a common ground to define
constipation for research purposes, they do not take into
consideration the various types of constipation, which may
further be classified in to three main subgroups: normal transit
constipation, disorders of defecatory or rectal evacuation (outlet
obstruction), and slow transit constipation (STC)!®.

Recent guidelines on constipation'® thoroughly summarize
the current diagnostic approach to this symptom, obviously
taking into account the fact that the suggested diagnostic tests
still do not have their sensitivities established and the details

of their performances have not been well specified™. Colonic
transit studies with radiopaque markers are simple and
reproducible tests® that can be recommended for any patient
undergoing evaluation for congtipation. Other tests mainly focus
on the anorectal and pelvic function: the balloon expulsion test
(simple, inexpensive)® is a useful screening one for major
evacuatory dysfunctions; defecography (Smple, minimal radiation
exposure) can quantify defecatory function*; anorectal
manometry (variable methodologies, datafrom different centers
not standardized) is useful to exclude Hirschsprung's disease
and provide supportive data for a diagnosis of pelvic floor
dysfunctioni*¥, These tests are commonly employed in the
diagnostic work-up of constipated patients, with further specific
tests (rectal perception or distention or electrical stimuli,
eectromyography of theexterna sphincter or puborectdis, pudendal
nerve terminal motor latency, pancolonic e ectromyography or
manometry) usually being carried out only in clinical research
or not generally applicable in common daily practice*?.

Colonic inertia: a “smoky” entity

Among the above reported subtypes of constipation, the STC
one (characterized by an abnormally delayed colonic transit
time) represents approximately 15-30% of constipated patientg™?
and usually includes those with intractable constipation4.
Thelatter are usualy those“refractory” to medical management,
often labeled as “colonic inertia’ patients, and frequently
referred to the surgeon for amore drastic approach™. However,
it appears to be some semantic confusion concerning the term
colonic inertia, which is often inappropriately used to define
various types of constipation (see below).

How is colonic inertia perceived?

An internet-based search strategy of the Medline and Science
Citation Index was performed using the keywords colon,
colonic, inertia in various combinations with the Boolean
operators AND, OR and NOT. Only articles related to human
studies were used, and manual cross-referencing was also
performed. Articles published in English between January 1965
and October 2003 were selected; however, a search in non-
English languages and in older than 1965 journals was also
performedin our library. Lettersand case reportswere excluded,
and abstracts quoted only when thefull paperswere unavailable.

Table 2 summarizesthe various definitions of colonicinertia
found in literature, according to the method employed for
diagnosis; however, although grouped together for practical
purposes, it must be noted that even these subgroups have
someinterna differences which increase the smple definition
of this entity to a number of twelve, and make difficult the
interpretation of results.

According to the most frequently performed diagnostic
study, radiopague markerstransit, colonic inertia patients have
been classified as: (1) having a delayed transit with markers
scattered throughout the viscud®®, with exclusion of obstructed
defecation on manometry or defecography!?-22; (2) synonymous
of STC (without specification of markers' distribution)234; (3)
presenting markers' delay in the ascending® or the right colon®;
(4) showing adelayed transit only in the left colon, or in both
theleft and right colon™?; or (5) displaying adelayed right and
|eft colonic transit, but with normal transit in the sgmoid colon
and rectum(®®,
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Table 1 Rome Il Criteria for constipation

Two or more of the following for at least 12 wk (not necessarily consecutive) in the preceding 12 mo:
Straining during >25% of bowel movements;
Lumpy or hard stools for >25% of bowel movements;
Sensation of incomplete evacuation for >25% of bowel movements;
Sensation of anorectal blockage for >25% of bowel movements;
Manual maneuvers (digital evacuation, support of the pelvic floor) to facilitate >25% of bowel movements;

Less than 3 bowel movements per week;

Loose stools are not present, and there are insufficient criteria for irritable bowel syndrome

Table 2 The various definitions of colonic inertia in literature

According to radiopaque transit studies:

- Delayed colonic transit with markers distributed throughout the colon;

- Colonic inertia equates to slow transit constipation;
- Delayed transit in the right colon;

- Delayed transit in the left colon, or both in the left and right colon;
- Delayed transit in the right and left colon, with normal transit in the sigmoid and rectum

According to scintigraphic transit studies:

- Scintigraphic delay in the transverse and splenic flexure;

- Scintigraphic delay in the cecum, ascending colon, hepatic flexure, and transverse colon;

- Scintigraphic delay in the whole colon
According to manometric and/or electromyographic findings:

- Almost complete or complete absence of colonic motility

Miscellaneous:
- Decreased colonic motility;

- Severe constipation and abdominal pain, abnormal transit study, normal anorectal manometry;
- Refractory constipation and motility abnormalities only of the lower gastrointestinal tract

Analysis of these reports shows that, whereas patientsin
group 1 could indeed somewhat represent a homogeneous
group, those in groups 2-5 are highly heterogeneous, and
probably include subjects with specific abnormalities
(particularly outlet obstruction).

Asregards colonic inertia patients defined by scintigraphic
transit, they have been classified as: (1) with delay limited to
the transverse colon and the splenic flexure®; (2) with delay
limited to the cecum, ascending colon, hepatic flexure, and
transverse colon'*?; and (3) with delay in the whole coloni“Y,
Once again, it may be noted that colonic inertiais differently
defined by different authors, and the patients under investigation
do not represent a homogeneous entity.

Things are not better when colonic inertia patients are
classified onthe basisof instrumental evaluations, whichinclude:
(1) ageneric “decrease” of colonic motility“?; (2) disturbance
of colonic motility, defined by severe constipation and abdominal
pain, abnormdl transit study, and normal anorectal manometry*;
(3) refractory constipation and motility abnormalities only of
the lower gastrointestinal tract*!; and (4) complete or almost
complete absence of colonic matility, documented by manometry
or electromyography!““¥, Again, the great variability of
definitions makes likely confusion between entities, as some of
the patientsin groups 1-3 could easily fit criteriafor theirritable
bowel syndrome.

The above considerations, far from the simple semantic
misunderstanding, are important in that many of the reports
described in these series came from surgical groups, and were
pertinent to patientsin whom asurgica operation was performed,
or to patients evaluated for surgery. It isthereforeintuitive that
such a confusion in defining an entity with potential surgical
implications also generates confusion on which patients should
bereferred for surgery, objective evidence indicatesthat severely
constipated patients judged to be “intractable’” might actually
respond to colonic pharmacol ogic stimulation**%, suggesting
that they might be responsive to more aggressive forms of
medical treatment.

Toward a definition of colonic inertia

On the above grounds, colonic inertiashould be better defined,
and it should not be synonymous of STC or other well-
categorized subtypes of constipation. The Rome Criteria have
aready given usacommon definition of functional constipation
and pelvic floor dyssynergia®, and STC iswell recognized by
the delayed colonic transit with radiopague markers scattered
within thecolon, there might be the possibility of anintermediate
form combining the two entities.

Colonic inertiacould be characterized asadistinct form: in
fact, theterminert literally means*“ (1) inactivity or (2) activity
or motion modest or absent”®, Under these terms, this
(actually rare) form might be defined by: (1) severe functional
constipation (according to Rome Criteria); (2) absence of outlet
obstruction; (3) delayed transit with markers distributed
throughout the colon; (4) manometric and/or el ectromyographic
documentation of absent or almost absent colonic motor
activity (including responses to meals); and (5) no response to
pharmacologic stimulation (bisacodyl, others) during colonic
motility recording.

It remains to be shown, however, whether this definition
could predict the success of surgery more accurately, help
select more accurately those patients actually needing surgery,
astheir colon is beyond each possible therapeutic rescue, and
better understand the basic mechanisms of constipation through
selection of more homogeneous cohorts of patients.
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Abstract

AIM: To evaluate the diagnostic value of assaying telomerase
activity in ascites cells for the differential diagnosis of
malignant and non-malignant ascites.

METHODS: Ascites from 40 patients with hepatocellular
carcinoma (HCC), 31 with non-HCC gastrointestinal
carcinoma (CA), and 24 with liver cirrhosis (LC) were
analyzed for telomerase activity. The telomerase activities
in cell pellets from ascites were measured according to
the Telomeric Repeat Amplification Protocol (TRAP) and
quantified with a densitometer.

RESULTS: Positive telomerase activity was detected in 16
of 31 (52%) CA patients, 10 of 40 (25%) HCC patients, and
1 of 24 (4%) LC patients (£<0.001). The telomerase activity
was higher in the ascites of CA patients than in the ascites
of HCC or LC patients (CA: 22.9+£5.8, HCC: 6.7+2.5, LC:
1.3+£1.3, P=0.001). Cytology was positive in 18 CA patients
(58%) and 1 HCC patient (2.5%), respectively. The positive
telomerase activity was not related to patients’ age, gender,
and ascitic protein concentration, but to white blood count
(r=0.31, P=0.002), neutrophil count (»=0.29, P= 0.005),
and the C-reactive protein level (r= 0.29, P= 0.018). When
the results of both cytological examination and telomerase
assay were considered together, the sensitivity increased
to 77% for CA patients, 25% for HCC patients, and 48% for
all 71 gastrointestinal cancer patients.

CONCLUSION: Combining cytological examination of ascites
with telomerase activity assay significantly improves the
differential diagnosis between malignant and non-malignant
ascites.
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INTRODUCTION

Ascites isacommon complication of malignancy. Carcinoma
of any organ can metastasi ze to the peritoneum. Gastric, colon,
pancreatic, ovarian, breast, and lung carcinomas, as well as
lymphoma, are the most common tumors associated with
malignant ascites’”. Hepatocellular carcinoma (HCC) isthe
leading cause of cancer mortality in Asia?. Ascitesis also
commonly seenin HCC patients, especidly in terminal stage or
when complicated withliver cirrhosis(L C). Thepathophysiologicd
mechanisms for the ascites production in LC are quite distinct
from those for malignancy-related ascites®. The conventional
diagnostic methods are sometimesinefficient and unsatisfactory
to diagnose ascites as malignancy-related. For example,
malignant ascites could be diagnosed by cytologica examination
of the ascitic fluidsin only 50-70% of patients with ascites”.

Telomeres (special DNA structures that contain TTAGGG
repestsat theendsof al eukaryotic chromosomes) haveimportant
functions in protecting genomic DNA from degradation and
del eterious recombination events®. Telomerase, an RNA-
dependent DNA polymerase, can maintain the telomeric length
by acting as areverse transcriptase®. In humans, tumor cells
escape programmed cell senescence through reactivation of
telomerase®. These immortalized cells can compensate for
telomeric shortening at each cell division, leading to progressive
neoplastic evolution!>®. Telomerase re-expression was found
in 85% of human malignant tumors”. The use of telomerase
assay for cancer diagnosis might be possible becausetelomerase
isthought to be re-expressed in malignant lesions but rarely in
normal somatic cell§1%, Some studies also suggested that the
telomerase activity of ascites could be a sensitive marker for
differentiating malignancy-related ascites from nonmalignant
ascites!**¥, However, these studies included only small
numbers of gastrointestinal tract cancer and HCC patients.

This study was to assess the diagnostic value of using
telomerase activity assay to distinguish digestive tract cancer-
derived ascites from benign ascites.

MATERIALS AND METHODS

Patients

Ninety-five patients with ascites undergoing a therapeutic or
diagnostic paracentesisin Taipei Veterans Generd Hospital were
enrolled prospectively into this study. These patients were
divided into three groups on the basis of the cause of the ascites.

HCC Group consisted of 40 patientswith HCC. Thediagnoses
were made by imaging studies (abdominal sonography and/
or computed tomography and/or magnetic resonance
imaging) and serum a-fetoprotein levels above 400 IlU/mL in
34 patients, and were confirmed by liver biopsy intheremaining
6 patients.

CA Group conssted of 31 patientswith non-HCC gagtrointestinel
carcinoma, including 10 gastric, 8 colon, 10 pancreatic cancers,
and 3 cholangiocarcinomas (19 with liver metastasis and 12
without). All diagnoses were histologically confirmed.

L C Group comprised 24 patients with sterile uncomplicated
cirrhotic ascites. Liver cirrhosis was diagnosed by typical
clinical findings (splenomegaly, ascites and/or esophageal
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varices), imaging studies (abdominal sonography and/or
computed tomography and/or magnetic resonance imaging)
and laboratory findingsin 20 patients, and was confirmed by a
liver biopsy intheremaining 4 patients. The serum a-fetoprotein
level was <20 IU/mL, and an ultrasound showed no evidence
of malignancy in each patient.

Ascitic fluids were subjected to routine assays, such as cell
count and categorization, Gram’ sstain and culture, total proteins,
albumin, and cytological examination. Blood samples for serum
albumin determination were also taken at the same time as the
above measurements to calculate the serum-ascites albumin
gradient (SAAG). The ascites was also centrifuged and the
sediment was detected with the Telomeric Repeat Amplification
Protocol (TRAP). The samples were collected in heparinized
containers and centrifuged a 2 000 r/min for 10 minat 4 °C. The
supernatant was decanted. Cellswere washed twicewith ice-cold
phosphate-buffered saline (PBS) and were storedina 1.5-mL tube
at -80 °C until assay. For bloody specimens, excessive RBCswere
removed by Ficoll-Hypague density-gradient centrifugationl*4,
All samples were coded so that technicians running the assays
were blinded asto the source of the samples.

Telomeric repeat amplification protocol (TRAP)
Thetelomerase activity was assayed according to the protocol
described previously!*®. Cell lysates were prepared in 200 pL
of lysisbuffer consisting of 10 mmol/L Tris-HCI (pH 7.5), 5g/L
CHAPS, 1 mmol/L MgCl,, 1mmol/L EGTA, 100 mL/L glycerol,
0.1 mmol/L benzamidine, and 5 mmol/L 3-mercaptoethanol.
Aliquots of extracts were treated with or without RNase A
(Sigma, St. Louis, MO) inafinal concentration of 0.05 mg/mL
for 30 minat 37 °C. Then, each TRAP reaction was performed at
30°C for 30 minin50 pL of reaction mixture containing 200 ng
of cdl lysates, 20 mmol/L Tris-HCI (pH 8.3), 0.5 g/L Tween-20,
1.5mmol/L MgCl,, 63mmol/L KCl, 1mmol/L EGTA, 250 umol/L
dNTPs, Primer Mix (Intergen Co., Purchase, NY), and 2 units of
Taq polymerase (Roche Molecular Biochemicals, Indianapolis,
IN), and followed by 33 cyclesof PCR: at 94 °C for 0.5 min and
59 °Cfor 0.5min. One half of each reaction mixturewasresolved
inal25g/L polyacrylamidegel, and after staining with SY BR®
Green(Molecular Probes, Eugene, OR), theimageof thetelomeric
repeat pattern was printed and quantified within arange from
50to 100 base pairs by Alpha-InnoTech 1S500 Digital Imaging
System (Avery Dennison, CA). All sasmpleswererunin duplicate
and the reproducibility was confirmed. All extractsthat produced
6-base-pair ladders were tested for sensitivity to RNase A
pretreatment, which isindicative of real telomerase activity.
The positive telomerase activity in the ascites cell pellet was
calculated according to TPG (Total Product Generated) = (X-Xo)
Cr/C (R-Rp) x100, X: density of sample, X,: density of heat- or

Table 1 Clinical characteristics and ascitic fluid analyses

RNase-treated sample, C: density of internal standard of the
sample, Cr: density of internal standard of the control template,
R: density of control template, and R, density of lysis buffer.

Statistical analysis

Results were expressed as meantSE. Unpaired Student’ s t-test
or one-way analysis of variance (ANOVA) was used to anayze
continuous variables between groups. Chi-squaretest or Fisher's
exact test was used for comparison of categorical variables.
Pearson’ s correlation was performed to determine whether a
relationshi p between two parameterswas significant. Sengtivities
and specificities were calculated in accordance with standard
methods. Statistical analyses were performed using the SPSS
software (SPSS 10.0, SPSS Inc., Chicago, IL). Results were
considered statistically significant at P<0.05.

RESULTS

Patient characteristics

The composition of the patients’ ascites is shown in Table 1.
The ascites protein level was significantly higher in CA thanin
HCC and L C patients (P<0.001). In addition, the SAAG of HCC
and LCrdativeto CA paientswassignificantly devated (P<0.01).
The white blood cells in the ascites consisted mainly of
lymphocytesindl groupsof patients (CA: 74+5%, HCC: 72+5%,
L C: 86+4%). Thehigh mean PMN count in HCC patientsresulted
from blood |eakage due to tumor rupture in some HCC patients.

Cytological examination of ascites

Positive cytological examination of asciteswasrecordedin 18
of 31 (58%) CA patientsand 1 of 40 (2.5%) HCC patients. Asa
control group, none of LC samples showed a positive
cytological outcome (Table 2). For thetotally 71 gastrointestinal
cancer patients, the diagnostic specificity of our cytological
examination reached 100%. Because apositive cytological result
could make adiagnosis of malignancy, our data suggested that
the conventional cytological examination had a sensitivity of
58% for diagnosing the ascites of CA patients, while the
sensitivity was only 2.5% for the HCC ascites.

Telomerase activity in ascites

Ascitic telomerase activity was detected by TRAP assay.
Representative examples of the results are shown in Figure 1.
Positive telomerase activity was detected in 16 of 31 (52%) CA
patients and 10 of 40 (25%) HCC patients (Table 2). Only one
L C patient (4%) showed positive ascitic telomerase activity
(P<0.001). Among CA patients, 5 of 10 gastric cancers (50%), 3
of 8 colon cancers (38%), 7 of 10 pancreatic cancers (70%), and
1 of 3 cholangiocarcinomas (33%) were positive for ascitic
telomerase activity (Table 2).

CA HCC LC
Number of patients 31 40 24
Age (yr) 65+2 65+2 67+2
Sex: Male/Female 21/10 35/5 18/6
Protein (g/dL) 2.9+0.2 1.5+0.1¢ 1.5+0.2¢
SAAG (g/dL) 1.1+0.1 2.0£0.2° 2.0+0.2°
WBC (cells/mm?) 481+107 847+590 149427
RBC (cells/mm?) 13 093+7 975 192 633+104 982 3730+1 515
PMN (cells/mm?) 177+78 698+550 20+8
Lymphocytes (cells/mm?) 30577 1494462 1284262

Data are expressed as mean+SE. CA: non-HCC gastrointestinal cancer, HCC: hepatocellular carcinoma, LC: liver cirrhosis,
SAAG: serum-ascites albumin gradient, WBC: white blood count, PMN: polymorphonuclear cells ?P<0.05, °P<0.01, “P<0.001 if

compared with CA patients.
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Table 2 Comparison of telomerase activity assay and cyto-
logical examination (n, %)

Table 3 Correlation between ascitic telomerase activity and
clinical parameters

Group (n) Underlying Positive Positive

diseases (n) telomerase cytology

CA (31) 16 (52) 18 (58)

Gastric cancer (10) 5 (50) 6 (60)

Colon cancer (8) 3(38) 4 (50)

Pancreatic cancer (10) 7 (70) 8 (80)
Cholangiocarcinoma (3) 1(33) 0 (0)

HCC (40) 10 (25) 1(2.5)
LC (24) 1(4) 0 (0)

CA: non-HCC gastrointestinal carcinoma, HCC: hepatocellu-
lar carcinoma, LC: liver cirrhosis.
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P N CA1 CA2 CA3 CA4 CA5 LC HCCTSR8

Figure 1 Representative results of ascitic telomerase activity
assay. Lane P: positive control, Lane N: heat-inactivated sample,
TSR8, quantitation control, CA: non-HCC gastrointestinal
carcinoma, HCC: hepatocellular carcinoma, LC: liver cirrhosis.

It was noted that tel omerase activity washigher in the ascites
of CA patientsthan in the ascites of HCC and L C patients (CA:
22.9+5.8,HCC: 6.7+2.5,LC: 1.3+1.3, P=0.001, Figure 2). In
addition, as shown in Table 3, the telomerase activity was not
related to patients' age, gender, serum albumin and ascitic
protein amount, but to patients’ white blood count (r = 0.31,
P =0.002), blood neutrophil count (r =0.29, P = 0.005), and C-
reactive proteinlevel (r =0.29, P=0.018).

P<0.001
[
< 180 —
2 1601 * P=0.001-
o 80T
5 o .
g0 . :
5 3
3 40 we "
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© 20+ g “
'9 - AAx
0
CA HCC LC

Figure 2 Individual and mean values of telomerase activities
in CA, HCC and LC ascites.

When the results of both cytological examination and
telomerase assay were combined together, the sensitivity
increased to 77% (24/31) for CA patients, 25% (10/40) for HCC
patients, and 48% (34/71) for the 71 gastrointestinal cancer
patients. While cytological examination alone had a sensitivity
of 27% (19/71) and telomerase assay alone had asensitivity of
37%(26/71).

r P
Age (yr) -0.05 0.65
Sex: Male/Female -0.18 0.09
Serum albumin -0.03 0.81
Ascites protein 0.08 0.44
Blood WBC 0.31 0.002
Blood neutrophil 0.29 0.005
Serum C-reactive protein 0.29 0.018

WBC: white blood count.

DISCUSSION

Diagnosis of cancer primarily depends on pathological
examination. Ascites is acommon complication of malignant
neoplasms. The conventional cytological assessment of ascitic
fluid can provide highly specific and accurate diagnoses of
malignancies, but its unsatisfactory low sensitivity does not
alow pathologiststo early differentiate malignant ascites from
non-malignant ascites*®l. Some studies have suggested that
assay of telomerase activity in ascites might be an aternative
method to improve the diagnosis***?. However, only small
numbers of patients with gastrointestinal tract cancers and
HCC were included in those studies. The present study isthe
first one evaluating the value of telomerase activity assay in
differential diagnosis of malignant and nonmalignant ascites
of gastrointestinal cancers.

In our study, the sensitivity of telomerase activity assay of
ascitesfrom CA patientswas 52%, comparableto that (58%) by
cytological examination. This result is consistent with a
previous report™. However, our TRAP sensitivity seemed to
be less than that reported in another paper about ovarian
cancers!'”, Although the average incidence of abnormal
telomerase activity occurred in as high as 85% of human cancer
patients, the incidence varied with different cancer typeg®8,
Among these, kidney, ovarian, and breast cancers showed the
highest mean values of quantitatively assessed telomerase
activitied™,

Ascites is commonly seen in HCC patients, especially in
decompensated stages. Concomitant cirrhosis was present in
more than 97% of HCC patients?. Not only the tumor growth,
but also the underlying liver cirrhosis, led to ascites 22, |n
analysis of our 24 LC and 40 HCC patients, only one HCC
patient had a positive cytological diagnosis. This agrees with
previously published data showing that malignant cells detected
in ascites occurred in only 0-12% of the HCC patientg224,
suggesting cytological examination is not an efficient tool for
distinguishing HCC ascites from non-HCC L C ascites. Assay
of telomerase activity (which was positive in 25% of HCC
ascites samples were positive) is obviously better than the
conventional cytological assessment.

Moreover, we speculated combining the results of both
cytological examination and telomerase activity assay might
improve diagnosis. We were able to identify malignancy in
77% of CA patients and 25% of HCC patients. For all 71
gastrointestinal cancer patients, the sensitivity of diagnosis
increased to 48% (by the combination of both techniques) from
27% (by the cytological examination aone). Our study results
thus indicate that TRAP assay is a useful tool for detecting
cancer cellsin ascites from gastrointestinal cancer patients.

Noteworthily, ascitic telomerase activity of gastrointestinal
cancersis correlated with the increase in blood leukocytes and
C-reactive protein. Leukocytosis and C-reactive protein are
major markers of inflammation and cancer!®29, The source of
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telomerase activity in ascitic cells could be cancer cells shed
into the ascitic fluid or ascitic fluid leukocytes that were up-
regulated by cancer-related cytokines?-*1, Whatever the
mechanism (), assay of telomerase activity in ascitic cells may
provide an adjunct to cytological examination in the diagnosis
of digestive tract cancers.
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Abstract

AIM: Hepatocellular carcinoma (HCC) patients manifest a
variety of paraneoplastic syndromes. Thrombocytosis was
reported in children with hepatoblastoma. The aims of this
study were to evaluate the prevalence and clinical significance
of thrombocytosis in HCC patients and its relationships with
serum thrombopoietin (TPO).

METHODS: We retrospectively reviewed clinical, biochemical
and image data of 1 154 HCC patients. In addition, we
measured platelet count and serum TPO in HCC patients
with and without thrombocytosis, in patients with cirrhosis,
chronic hepatitis and healthy subjects in a cross-sectional study.

RESULTS: Thirty-one (2.7%) of 1 154 HCC patients had
thrombocytosis (platelet count >/=400 K/mm3). HCC
patients with thrombocytosis were significantly younger,
had a higher serum a-fetoprotein, higher rate of main portal
vein thrombosis, larger tumor volume, shorter survival,
and were less likely to receive therapy than HCC patients
without thrombocytosis. Multivariate logistic regression
analyses showed that tumor volumes >/=30% and serum
a-fetoprotein >/=140 000 ng/mL could significantly predict
thrombocytosis. HCC patients with thrombocytosis had a
significantly higher mean serum TPO than those without,
as well as patients with cirrhosis, chronic hepatitis and
healthy subjects. Platelet count and serum TPO dropped
significantly after tumor resection in HCC patients with
thrombocytosis and re-elevated after tumor recurred.

Furthermore, the expression of TPO mRNA was found to
be more in tumor tissues than in non-tumor tissues of liver
in an HCC patient with thrombocytosis.

CONCL USION: Thrombocytosis is a paraneoplastic syndrome
of HCC patients due to the overproduction of TPO by HCC.
It is frequently associated with a large tumor volume and
high serum o-fetoprotein.

Hwang SJ, Luo JC, Li CP, Chu CW, Wu JC, Lai CR, Chiang JH,
Chau GY, Lui WY, Lee CC, Chang FY, Lee SD. Thrombocytosis:
A paraneoplastic syndrome in patients with hepatocellular
carcinoma. World J Gastroentero/ 2004; 10(17): 2472-2477

http://www.wjgnet.com/1007-9327/10/2472.asp

INTRODUCTION

Hepatocd lular carcinoma (HCC) isthemost common malignancy
in Talwan. During its clinical course, patients may manifest a
variety of paraneoplastic syndromes, including hypercholes-
terolemia, hypoglycemia, hypercalcemia, and erythrocytosig®.
According to our previousreports, the prevalence of paraneoplagtic
syndromeswas 11.4-12.1% for hypercholesterolemia, 2.8-5.3% for
hypoglycemia, 1.8-4.1% for hypercalcemia, and 2.5-3.1% for
erythrocytosis?®. Thrombocytosis has been found in children
with hepatoblastomaand other maignancied™. The prevalence
and clinical significance of thrombocytosisin adult patients
with HCC have not been previously reported.

Human thrombopoietin (TPO), aso known as megakaryocyte
growth factor, is known to play akey role in the devel opment
of megakaryocytes'®tl, TPO is secreted principally by
hepatocytes and bone marrow stromal cellg%, In addition,
the expression of TPO gene has been found in both rat and
human hepatoma cell lines!*>¥, The relationships between
serum TPO levels and platelet counts in HCC patients,
especialy those associated with thrombocytosis, are of clinical
interest. Our amwasto eva uate the prevaence of thrombocytosis
in Chinese patients with HCC in a retrospective study. The
clinical, biochemical and image characteristics of HCC patients
with thrombocytosis were evaluated. Moreover, in order to
evaluate the role of serum TPO in the manifestations of
thrombocytosis in HCC patients, serum TPO levels were
measured in HCC patients (with and without thrombocytosis),
cirrhotic patients, chronic hepatitis patients, and normal
subjectsin a cross-sectional study.

MATERIALS AND METHODS

Theclinical, laboratory and image data were retrospectively
reviewed in 1 269 consecutive patients diagnosed with HCC at
the Division of Gastroenterology, Taipei Veterans General
Hospital, from January 1991 to December 1994, Of these
patients, 1 253 were enrolled in this study who met thefollowing
criteria: (1) histological proof of HCC; or (2) at least two typical
HCC image findings (ultrasonography, computerized
tomography, celiac angiography or magnetic resonance
imaging) along with aserum AFP of morethan 20 ng/mL. Among
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the 1 253 patients, data of 1 197 cases were analyzed after
excluding the patients with incompl ete examination and data
for analysis. Finally, data of 1 154 patients were selected for
analyses in this study after excluding 43 patients with an
evidence of acute infections or gastrointestinal bleeding.
Patients with polycythemia verawere al so excluded.

We defined hypercholesterolemiain HCC patientsasaserum
cholesterol level greater than 250 mg/dL (two standard
deviations above the mean value of age-and-sex-matched
healthy controls); hypoglycemia as plasma glucose less than
60 mg/dL ; hypercal cemiaas corrected serum calcium level more
than 11.0 mg/dL; and erythrocytosis as a hemoglobin level
greater than 16.7 gm/dL or hematocrit greater than 50% asin
our previous reportsiZ®. Thrombocytosis was defined as
having aplatelet count greater than 400 K/mm?®,

To compare the serum TPO level, 18 consecutive HCC
patients with thrombocytosis and 72 age-sex-tumor volume
matched HCC patients without thrombocytosis were
consecutively collected in across-sectiona study from January
1999to December 2000. In addition, 42 age-sex-matched cirrhotic
patients and 66 chronic hepatitis patients were randomly
selected for comparison. The etiologies of chronic hepatitis
and cirrhosis were either viral hepatitis B or hepatitis C, which
wereall confirmed by liver biopsies. None of the patients with
chronic hepatitis or cirrhosis received interferon or other anti-
viral treatments before blood sampling. Alcoholic patientswere
not enrolled. Patients were also excluded if an acute infection
or gastrointestinal bleeding was noted during enroliment. In
addition, 62 healthy subjectswho received their annual physical
examinations at Taipei Veterans General Hospital, and whose
age and sex were matched with the aforementioned 90 HCC
patients, were randomly selected as healthy controls. Sera of
the aforementioned subjects or patients were stored in aliquots
at -70 °C until analyzed.

Theunderlying liver cirrhosisin HCC patientswas diagnosed
histologically or by characteristic image findings with the
presence of ascites or esophageal varices. Patients with
cirrhosisweregiven ascorefrom 5-15 according to Child-Pugh’s
classification™. Tumor volumewas cal culated from computerized
tomographic films and was expressed as percentages of tumor
volumeintotal liver volume. The grade of differentiation and
arrangement of tumor cellswere assessed by aliver pathologist
according to the classification of Edmondson and Steiner!*®,
The pathologist was not given any clinical information
pertaining to the biopsy specimens.

All clinical dataof HCC patientsincluding age, sex, Child-
Pugh'’s scores, liver biochemistries (measured by a Hitachi
Model 736 automatic analyzer, Tokyo, Japan), prothrombintime,
and complete blood counts were recorded when an HCC was
first diagnosed or at the time the thrombocytosis devel oped.
Serum a-fetoprotein (AFP) was measured by acommercial kit
(ELSA2-AFP, ClIShio-internationd, Cedex, France). Anti-HCV
was measured by a second-generation enzyme immunoassay
kit (Abbott Laboratories, Chicago, IL, USA). Theserum markers
of hepatitis B surface antigen (HBsAg) and antibody to hepatitis
D virus (Abbott Laboratories) were recorded. Distant metastases
to extrahepatic regional lymph nodes or other organs were
evaluated by image studies. Methods of therapy for HCC,
including surgical resection of tumors, transcatheter arterial
chemoembolization (TACE), sono-guided percutaneous ethanol
injection, or systemic chemotherapy and survival times were
recorded in each patient. This study was approved by Taipei
Veterans General Hospital, Taiwan.

Serum TPO levels were quantitatively measured by asolid
phase enzyme immunoassay (Quantikine, R&D systems,
Abingdon, UK). For theexpression of TPOmRNA, anegua amount
of fresh frozen tumors and non-tumor parts of the liver samples
from a patient with thrombocytosis who received lobectomy

for HCC were homogenized with a pestle. Total RNA was
purified by TRIZOL reagent (Invitrogen and Life Technologies,
Rockville, MD, USA). Reverse transcription-polymerase chain
reaction (RT-PCR) was carried out to amplify 1 pg RNA using
the First-strain cDNA Synthesis Kit (Amersham Pharmacia
Biotech, Buckinghamshire, UK) according to the instruction
manud . PCRswerecarried out with 35 cyclesat 94 °C for 1 min, at
60 °C for 1 minandat 72 °C for 1 min. Primer sequences were
sense 5'-TGCGTTTCCTGATGCTTGTAG-3 and anti-sense; ' -
AACCTTACCCTTCCTGAGACA-3'113, B-actin was used as
an internal standard and diethyl pyrocarbonate-treated water
was used as a negative control. The analysis of PCR products
was performed by 20 g/L agarose gel electrophoresis. For
quantitation of TPO mMRNA, the PCR product was purified by
the QIAquick Gel Extraction Kit (QIAGEN GmbH, Hilden,
Germany) and Az nm Was measured to estimate the DNA
contents. Serial dilutions of this standard were then included
in the following real-time PCR along with samplesto produce a
gandard curve. Quantitative PCR was performedin 20 L reaction
capillaries using 1XxDNA master SYBR Green | mix (Roche
Diagnostics, Indianapoalis, IN, USA), bovine serum albumin,
4mmoL/L MgCl,,200pumoL/L dNTPs, 0.4U InViTag-polymerase
(InViTec; Berlin, Germany), 1uL cDNA and0.5pumoL/L of the TPO-
specific sense and antisense primers. DNA amplification, data
collection and analyses were performed with LightCycler
(Roche Diagnostics)!*®. The program was optimized and
performed finally asdenaturation at 94 °C for 30 sfollowed by 40
cyclesof amplification (at 94 °Cfor 0.1s,60°Cfor0.1s,72°C
for 20 s). Thetemperature ramp rate was 20 °C/s. At the end of
each extenson step, thefluorescence of each samplewasmessured
to allow the quantification of the PCR product. After the PCR
was compl eted, the melting curve of the product was measured
by atemperature gradient from 60 °C to 96 °C at 0.2 °C/swith
continuous fluorescence monitoring to produce a melting
profile of the primers. For normalization, the amount of TPO
amplicon was divided by the amount of (3-actin amplicon of
the respective sample.

All dataare expressed as meant+SD. Results were compared
between groups using the Chi-sguare test, Fisher’s exact test,
Student’s t-test, Mann-Whitney test or cross tabulation
depending on the type of data analyzed. Survival adjusted for
therapy was analyzed using the Kaplan-Meier method and was
compared using thelog rank method. Univariateand multivariate
logistic regression using SPSS software (SPSS Inc., Chicago,
IL, USA) were performed to evaluate the predictive values of
the patients' clinical, laboratory, and tumor features associated
with thrombocytosis. For al tests, only the resultswith P values
lessthan 0.05 (two-tail test) were considered to be statistically
significant.

RESULTS

Amongthel 154 HCC patients(1 005 males, 149femaes, meanage
62.0£12.0years witharangeof 13to 84 years), 735 (63.7%) patients
were HBsAg positive, 180 (15.6%) were anti-HCV positive,
49 (4.3%) were positive for both HBsAg and anti-HCV and
19 (1.6%) were positive for HBsAg and antibody to hepatitisD
virus. The mean serum AFP level was 43 983+163 097 ng/mL
(median 268 ng/mL, range 3-1 892 500 ng/mL).

Totally, 243 (21.1%) of 1 154 patients had paraneoplastic
syndromes during the clinical course of HCC, inwhich 175 had
a single paraneoplastic manifestation and 68 had multiple
paraneoplastic manifestations. Thirty -one (2.7%) of 1 154 HCC
patients had thrombocytosis (mean platel et count 48487 K/mm?®,
range403-688 K/mm?®). The prevalence of hypercholesterolemia
was 12.6%, hypoglycemiawas 5.4%, hypercal cemiawas 4.4%,
and erythrocytosis was 3.2%. Eighteen of 31 HCC patients
with thrombocytosis had other paraneoplastic manifestations
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(11 with hypercholesterolemia, 1 with hypoglycemia, 4 with
hyperchol esterolemia and hypoglycemia, 1 with hypercholes-
terolemiaand hypercalcemia, and 1 with hypercholesterolemia,
hypoglycemia and hypercalcemia). Nine -hundred and eleven
HCC patients were free of paraneoplastic manifestations.

In comparison of the clinical, laboratory data and tumor
features between HCC patients with thrombocytosis and those
without, HCC patients with thrombocytosi s were significantly
younger in age, had ahigher mean serum AFP level, higher rate
of main portd vein (MPV) thrombosis, bilobar tumor involvement,
larger tumor volume, were less likely to receive or be suitable
for HCC therapy, and had a shorter survival time than those
without thrombocytosis (Table 1). HCC patients with
thrombocytosis tended to have more extra-hepatic metastases
than those without thrombocytosis (32% vs 19%, P = 0.059).
There were no significant differencesin sex distribution, viral
etiologies, mean Child-Pugh’s scores, and rates of cirrhosis
between the two groups. Two hundred and fifty-eight (22%)
of 1 154 HCC patients and 10 (32%) of 31 patients with
thrombocytosis had their HCC tissuesfor histological analyses.
Among the 10 HCC patients with thrombocytosis, tumor cell
arrangement showed a trabecular pattern in 7 patients, and a
mixed trabecular and acinar pattern in 3. Tumor cell
differentiationrevealed grade| in 3 patients, gradell in4 patients,
and grade 111 in 3 patients. The tumor cell arrangement and
differentiation showed no significant differences between
patients with and without thrombocytosis.

Age, 2, vird hepatitismarkers, ssrum AFRP, MPV thrombosis,
metastases, bilobar tumor involvement, and tumor volumeswere

all selected as independent variables in logistic regression
analyses, with the presence of thrombocytosis as the dependent
variable. The continuous variables were transformed to
categorical variables with the cut-off points determined by the
Receiver Operating Characteristic Curve. In an univariate
analysis, an age <60 years, serum AFP >140 000 ng/mL., tumor
volume>30% of thetotal liver volume, bilobar tumor involvement,
and MPV tumor thrombosis were significantly correlated with
the presence of thrombocytosis (Table 2). In a stepwise
multivariate analysis, atumor volume >30% (oddsratio: 9.901,
95% confidence interval: 2.187-44.402, P = 0.003) and serum
AFP>140000ng/mL (oddsretio: 2.660, 95% confidenceinterval:
1.090-6.487, P = 0.031) were significant predictive variables
associated with the presence of thrombocytosisin HCC patients.

In the cross-sectional study, the mean platelet count was
440+43 K/mm?@ (range 401 to 540 K/mm?) in 18 HCC patients
withthrombocytosis, 1744100 K/mm? (range 102 to 396 K/mm?)
in 72 HCC patientswithout thrombocytosis, 72+29 K/mm?@ (range
1810 154 K/mm?) in 41 patients with cirrhosis, 178+48 K/mm?®
(range 105 to 300 K/mm?) in 66 patients with chronic hepatitis,
and 212+35 K/mm?® (range 125 to 347 K/mm?®) in 62 healthy
controls. The mean serum TPO level wassignificantly higher in
HCC patients with thrombocytosis (404+196 pg/mL), when
compared with HCC patients without thrombocytosis
(181+85 pg/mL), cirrhotic patients (103+34 pg/mL), chronic
hepatitis patients (113+46 pg/mL), and healthy subjects
(123+53 pg/mL) (Figure 1). Serum TPO levelswere positively
correlated with platel et countsamong 90 HCC peatients(r = 0.474,
P<0.001). Among thel0 HCC patientswith thrombocytosis, the

Table 1 Comparison of clinical and laboratory data, and tumor features between hepatocellular carcinoma (HCC) patients with

and without thrombocytosis

HCC patients with HCC patients without P value
thrombocytosis (n = 31) thrombocytosis (n = 1 123)

Age (yr) 52+19 62+12 <0.001
Sex (male: female) 25:6 980:143 0.201
HBV: HCV: HBV+HCV-related 24:1:0 711:179:49 0.114
Mean Child-Pugh’s scores 7.2+2.1 6.8+2.2 0.336
Mean platelet counts (k/mm?) 484+87 154480 <0.001
Median (range) 441 (403-688) 133 (11-396)
Mean a-fetoprotein (ng/mL) 251 042+458 734 57 879+212 788 <0.001
Median (range) 4 859 (4-1 892 500) 252 (3-1 621 700)
Cirrhosis (+:-) 23:8 913:210 0.445
MPV tumor thrombosis (+:-) 11:20 171:952 ) 0.005
Tumor metastases (+:-) 10:21 196:927 0.059
Tumor volumes % 63.5+21.2 30.7+26.9 <0.001
Both lobes with tumor involvements (+:-) 22:9 439:684 <0.001
Therapy for HCC (+:-) 10:21 583:540 0.048
Mean survival (d) 1444208 373+521 <0.001
Median (range) 77 (4-852) 147(2-3 666)

Data were expressed as mean+SD. HBV: hepatitis B virus, HCV: hepatitis C virus, MPV: main portal vein.

Table 2 Significant predictive variables in association with thrombocytosis in hepatocellular carcinoma patients using univariate

logistic analyses

Variables Odds ratio 95% confidence interval P value
Age <60 yr 2.905 1.415-5.967 0.004
a-fetoprotein >140 000 ng/mL* 6.802 3.515-14.663 <0.001
Tumor volume >30%: 16.1 3.757-68.333 <0.001
Both lobes with tumor involvements 3.788 1.732-8.306 <0.001
Main portal vein tumor thrombosis 3.408 1.435-6.467 0.004

Significantly predictive variables in multivariate analyses.
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mean platelet count dropped significantly from 420£48 K/mm?
to 27838 K/mm? (P<0.001) after asurgical tumor resection or
TACE, while the mean platelet count for HCC patients with
thrombocytosis, who did not receive any therapy, showed a
progressive increase during follow up.

Figure 2 illustrates the relationship of platel et counts with
the serum levels of cholesterol, AFP and TPO in a 36-year-old
HCC male patient. The serum AFPlevel was 164 000 ng/mL and
serum HBSAQ was positive. Image studies revealed a large
tumor mass over the right lobe of liver with aninvasion to the
left media segment. Hypercholesterolemia (serum cholesterol
level 602 mg/dL ) and thrombocytosis (platel et count 403 K/mm?)
were noted at the diagnosis of HCC. He received a surgical
removal of tumorsfollowed by chemotherapy with 5-fluorouracil
for 12 wk. Platel et counts, serum levels of cholesterol and AFP
dropped significantly after a surgical removal of the tumors.
However, all re-elevated when the tumor recurred 18 wk after
surgical treatment. Serum TPO level was 360 pg/mL before
surgery (platelet count 403 K/mm?d), and fell to 130 pg/mL one
week after operation (platelet count 120 K/mm?®). Figure 3 shows
the qualitative expression of TPO mRNAs using RT-PCR in
tumor and matched non-tumor tissues of the resected liver
samples. The expression of TPO mRNAswasmoreintensivein
tumor than in the non-tumor liver tissues. The results from the
guantitative real-time PCR also revealed that the concentration
of TPOmRNASsintumorswas 1.92 timesgreater thanin matched
non-tumor liver tissues.

g 8

Serum TPO level (pg/mL)
L

Figure 1 Distribution of serum thrombopoietin levels in hepa-
tocellular carcinoma (HCC) patients with and without
thrombocytosis, patients with cirrhosis, chronic hepatitis and
healthy subjects. The mean serum thrombopoietin level in
HCC patients with thrombocytosis was significantly higher
than in HCC patients without thrombocytosis, patients with
cirrhosis, chronic hepatitis and healthy subjects.
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Figure 2 Clinical course of a hepatocellular carcinoma pa-
tient with thrombocytosis. The serum alfa-fetoprotein (AFP)
level was 164 000 ng/mL before tumor resection. Hypercho-
lesterolemia (serum cholesterol level: 602 mg/dL) and throm-
bocytosis (platelet count: 403 K/mm?) were noted before
operations. The platelet counts, serum levels of cholesterol

and AFP fell significantly after a surgical removal of the
tumors. However, all re-elevated when the tumor recurred
18 wk after surgical treatments.
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Figure 3 Analyses of thrombopoietin from tumor tissues (T)
and non-tumor liver tissues (L) in a hepatocellular carcinoma
patient with thrombocytosis using reverse-transcription poly-
merase chain reaction. B-actin was used as an internal stan-
dard (B). N: negative control. Results from an agarose gel elec-
trophoresis showed a more intense density of thrombopoietin
band from tumor tissues when compared with non-tumor
liver tissues.

DISCUSSION

Common paraneoplastic syndromes seen in HCC patients
include hyperchol esterolemia, hypoglycemia, hypercalcemia,
and erythrocytosig¥. Thrombocytosis has been reported in
children with hepatoblastoma™. The preval ence of thrombo-
cytosisin HCC patients has not been previously reported. Our
results showed that 2.7% of HCC patients hadthrombocytosis
which was defined as a platelet count >400 K/mm?2. The
preva ence of thrombocytosis might be underestimated because
most HCC patients were associated with liver cirrhosis, and
thrombocytopenia was frequently seen in these patients.

Theclinicd significance of thrombocytosisin HCC patients
weresimilar to HCC patientswith other paraneoplastic syndromes,
including hyperchol esterolemia, hypoglycemia, hyperca cemia,
and erythrocytosis?9. Large tumor volumes, high serum AFP,
high rates of MPV tumor thrombosis, low rates of receiving
therapy and poor prognosis have been identified in HCC
patients with thrombocytosis. According to the multivariate
logistic regression analyses, HCC patientswith thrombocytosis
were characterized by alarge tumor volume and high serum
AFP. HCC patients with thrombocytosis seemed to have a
similar life expectancy as HCC patients with erythrocytosis or
hypercholesterolemia, and had a better prognosisthan patients
with hypoglycemia and hypercal cemia which were usually
pre-termina events®.

Before the cloning of TPO, the cause of thrombocytosisin
children with hepatoblastomaand in other malignanciesremains
unclear. TPO, aglycoprotein hormone, isa potent stimulator of
the growth and maturation of megakaryocytes and platel et
production®®, The main sites of TPO production are the liver
and, to alesser degree, the kidneys, bone marrow and spleen.
Messenger RNA transcripts of TPO have been found mainly in
theliver and released into circul ation***¢, Most TPO is bound
with and degraded by circulating platelets and megakaryocytes
inthe bone marrow, and the serum level islow. Circulating TPO
levelsareinversaly correl ated with the number of TPO receptors
(c-Mpl-molecules) in regulating megakaryocytopoiesis and
platelet production. When thrombocytopeniadevelops, binding
receptors decrease and serum TPO levelsincrease. Elevated
TPO levels stimulate megakaryocytopoiesis and result in
increased platelet production®2, This reverse relationship of
platel et counts and serum TPO levelshas been found in patients
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with hematological diseases??. Patients with cirrhosis were
frequently associated with low platelet counts. However, serum
TPO levelsin cirrhotic patients were found to be lower than
chronic hepatitis patients or normal subjects due to inadeguate
TPO production by thediseased liverd?%3, Serum TPO of cirrhotic
patients increased after orthotopic liver transplantation, which
wasfollowed by anincreasein platel et countg#3*%, Our results
revealed serum TPO levelswere significantly lower in cirrhotic
patients than in patients with chronic hepatitis or normal
controls, and were consistent with previous reports.

Despite the fact that hepatoma cells have been found to
express TPO in vitro and in animal models, the mechanisms by
which thrombocytosis developsin HCC patients have not been
Sudied. According to our results, HCC patientswith thrombocytos's
had a significantly higher mean serum TPO level than HCC
patients without thrombocytosis. In addition, the platelet
countsand serum TPO levelsin HCC patientswith thrombocytos's
dropped after asurgical remova of the tumor or TACE, and re-
elevated when a tumor recurred. Changes of platelet counts
and serum TPO levels were parallel to the changes of serum
AFP. Furthermore, by using the reverse transcription and real -
time PCR methods, we demonstrated that the expression of
TPO mRNA was more in tumor tissues than in matched non-
tumor tissues in an HCC patient with thrombocytosis. Our
results were consistent with the report that thrombocytosisin
patients with hepatoblastoma was related to increased TPO
production intumors®. Thus, we specul ate that thrombocytosis
in HCC patientsis due to the overproduction of TPO by tumors,
and mostly in patients with a large tumor burden. The
mechanisms of thrombocytosisin HCC patients are similar to
those for other paraneoplastic manifestations. Hypoglycemia
has been related to the overproduction of insulin-growth-factor
Il withinsulin-like activitied?. The cause of hypercalcemiahas
been related to overproduction of aparathyroid-related protein
which interacts with parathyroid hormone receptors*,
Elevation of serum erythropoietin hasbeen seenin HCC patients
with erythrocytosi g%,

In conclusion, thrombocytosis is one of the paraneoplastic
syndromes in patients with HCC, due to the overproduction of
TPO by HCC. HCC patientswith thrombocytosis are associated
with alarge tumor volume and high serum AFP level.
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Abstract

AIM: To investigate the potential involvement of leptin in
carcinogenesis of hepatocellular carcinoma (HCC) and to
elucidate the etiology, carcinogenesis and progress of HCC.

METHODS: Expressions of Ob gene product, leptin and its
receptor, Ob-R were investigated in 36 cases of HCC specimens
and corresponding adjacent non-tumorous liver tissues with
immunohistochemical staining. The effect of leptin on
proliferation of Chang liver cell line and liver cancer cell line
SMMC-7721 was studied with cell proliferation assay (MTT).

RESULTS: Leptin expression was detected in 36 cases of
adjacent non-tumorous liver tissues (36/36,100%) with
moderate (++) to strong (+++) intensity; and in 72.22%
(26/36) of HCC with weaker (+) intensity (P<0.05). Thirty
of 36 (83.33%) cases of adjacent non-tumorous liver
tissues were positive for Ob-R, with moderate (++) to
strong (+++) intensity. In HCC, 11/36 (30.56%) cases were
positive, with weak (+) intensity (P<0.05). In cell
proliferation assay, leptin inhibited the proliferation of Chang
liver cells. The cell survival rate was 10-13% lower than
that of the untreated cells (£>0.05). Leptin had little effect
on the proliferation of liver cancer cells (£>0.05).

CONCLUSION: High level expression and decreased or
absent expression of leptin and its receptor in adjacent
non-tumorous liver cells and HCC cells, inhibitory effect of
leptin on the proliferation of normal Chang liver cells and
no effect of leptin on proliferation of liver cancer cells,
may provide new insights into the carcinogenesis and
progression of human HCC. It could be assumed that leptin
acting as an inhibitor and/or promoter, is involved in the
process of carcinogenesis and progress of human HCC.
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INTRODUCTION

Leptin, acirculating hormone secreted by adipocytes, is one of
the major adipose cytokines acting as an important signaling
molecule in energy regulation and food intake, and controls
body weight homeostasis*3. It modulates various physiological
and pathophysiological states, including lipid metabolism,
hematopoiesis, thermogenesis, obesity, and polycystic ovary
syndromel*4, Besides, leptin is also involved in obesity and
carcinogenesis of some human cancers.

Recent studies suggested that |eptin might play an important
role in the process of initiation and progression of human
cancerd*512, but there were adifference and discordance among
the results. Circulating levels of leptin were higher in cases of
breast cancer!®, colorectal cancer!®, prostate cancer!®,
eudiometrical cancer!™®, and lower in casesof uterineleiomyomas
than the controls¥, or had no difference in breast cancer™.
One study showed that leptin might play arolein the development
of prostate cancer™. Another study suggested plasma leptin
was not associated with prostate cancer risk*®. On the other
hand, studies suggested that leptin expression was associated
with invasive potential of functioning pituitary adenomas?®,
and influenced cellular differentiation and the progression of
prostate cancer™. In vitro experimental studies, leptin not only
stimulate proliferation of some human cancer cell lines, including
breast cancer cell lines (ZR75-1, MCF-7, T-47D)[27.16-18]
esophageal cancer cell lines (KY SE410, 150), prostate cancer
cell lines (DU145 and PC-3)23, acute myel ogenous leukemia
(AML) cell lines, but also inhibited the growth of some human
cancer cell lines, such as pancreas cancer cell lines (PANC-1,
Mia-PaCa)!?. The study results indicated that leptin had
divergent effects on human cancer cell proliferation.

Hepatocellular carcinoma(HCC) isone of themaost common
malignanciesin theworld, and causes an estimated one million
deathsannudly. It hasapoor prognosisduetoitsrapidinfiltrating
growth and complicating liver cirrhosis®24, Epidemiological
sudiessuggested that obesity wasarisk factor of HCC complicated
with alcoholic liver disease and cryptogenic cirrhosis?23,
Clinical investigations showed that serum leptin levelsin
alcoholic and post-hepatitis liver cirrhosis patients with or
without HCC increased significantly compared with those in
control subjects?*¥, suggesting that leptin isinvolved in the
etiogenesis of hepatocellular carcinoma (HCC) in cirrhotic
patients. Therefore, we hypothesesthat leptin might be associated
withthe growth of liver cellsand HCC cdlls, and played arolein
carcinogenesis of hepatocellular carcinoma, but such a study
has been reported. In order to confirm this hypothesis, the
expression of leptin in human HCC and adjacent non-tumorous
liver tissues was analyzed by immunohistochemical staining,
and the effect of leptin on proliferation of normal liver cellsand
HCC cellsin vitro was studied in this study.

MATERIALS AND METHODS

Immunohistochemical analysis of leptin and Ob-R expressions
in human HCC and adjacent non-tumorous liver tissues

Patients and samples HCC specimens and corresponding
adjacent non-tumorous liver tissues were collected from 36
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patients surgically treated in West China Hospital of Sichuan
University in Chinain 2000, all the patients were informed and
consented to use their samplesfor this study. Of the 36 patients,
29 (80.56%) were males, 7 (19.44%) were females, their age
ranged from 27 to 68 years (mean, 49.4 years), Twenty patients
(20/36, 55.56%) were infected with HBV, 32 (32/36, 88.89%)
werecomplicated with liver dysfunction, and 10 (10/36, 27.78%)
with liver cirrhosis. None had any treatment before the surgical
operation. All patients were diagnosed as HCC. The tissue
specimens were routinely processed, formalin-fixed, and
paraffin- embedded. Paraffinized sections were made for
hematoxylin and eosin (HE) and immunohistochemical staining.
Reagents Ob (A-20) and Ob-R (H-300) rabbit anti-human
polyclonal antibodies were purchased from Santa Cruz
Biotechnology, USA. S-P immunohistochemical staining kit
(SP9001) was purchased from Beijing Zhongshan Biological
Technology Ltd.
Method Leptin protein and Ob-R were detected immunohito-
chemically with S-P method. Briefly, tissue sections were
deparaffinized and rehydrated through graded al cohols.
Antigen retrieval was performed by heating in microwave oven
in0.1 mol/L citrate buffer (pH 6). Then, endogenous peroxidase
activity was blocked with 30 mL/L H,O,, and after treatment
with normal goat serum, the sections were incubated with Ob
(A-20) or Ob-R (H-300) rabbit anti-human polyclonal antibodies
at adilution of 1:100, overnight at 4°C, with biotinylated second
antibody for 20 min, and with streptavidin/peroxidase for 30 min
at room temperature. Subsequently, the sections were subjected to
color reactionwith 0.2 g/L 3,3 diaminobenzidinetetrahydrochloride
containing 0.05 mL/L H,O,in PBS (pH 7.4), and counterstained
with hematoxylin lightly. In each staining run, aknown leptin
positive sample of fat tissue was added as a positive control,
and a section of the same fat tissueincubated in PBS instead of
Ob or Ob-R was included as a negative control.
Semi-quantitative eval uation was used to determine positively
expressed cellsby viewing 10 vision fields at x400. Negative (-)
indicated cellswere stained less than 10%, mildly positive (+)
showed 11-25% cells were stained, moderately positive (++)
demonstrated 26-50% cellswere stained, strongly positive (+++)
reveaed over 50% cellswere stained. Theintensity of staining
in positive cells was compared with the negative control and
scored asfollows: negative (-), weak (+), moderate (++), strong
(+++), the last three grades were all regarded as positive.

Proliferation assay in vitro

Reagents Changliver cell line (ATCC CCL 13) and liver cancer
cdll line SMM C-7721 were obtai ned from Shanghai Cell Biology
Ingtitute of Chinese Academy of Sciences. Human recombinant
leptin was aproduct from Signa-Aldrich, Inc. USA. RPMI-1640
wasthe product of Gibco/BRL (Invitrogen Corporation, USA).
Fetal bovine serum (FBS) was purchased from Huaxi Biology
Institute (Chengdu, China). Trypsin, 3-(4, 5-dimethylthiazol-
2-y1)-2, 5-diphenyltetrazolium bromide(MTT), and DM SO were
purchased from the Sino-American Biotechnology Company
of Beljing.

Céll culture Both Chang liver cell lineand SMMC-7721 cell
line were cultured in RPM1-1640 medium supplemented with
100mL/L FBS,100U/mL penicillin,and 100pug/mL streptomycin,
at 37°Cinahumidified atmosphere containing 50 mL/L CO..
Proliferation assay (MTT) Changliver cellsand SMMC-7721
cellswere suspended at aconcentration of 5x10%/mL Then 200 uL
of the cell suspension was placed in each well of areplicate 96-
well microtiter plate. The cellswereallowed to adhere overnight.
Then different concentrations (10, 20, 40, 80, 160, 320 ng/mL)
of leptin were added to each kind of cells. MTT assay was
performed after 1-, 3-, 5-d growth. A 20 uL of 5mg/mL of MTT
was added to each well followed by incubation for 4 h at 37
Formazan productswere solubilized with DM SO; A valueswere

read with an enzyme-linked immunosorbent assay reader (Bio-
Tek, Houston, USA) at wavelength of 570 nm. All experiments
were performed intriplicate. The effect of leptin on proliferation
of Chang liver cellsand SMMC-7721 cells were expressed as
cell survival rates: A value of the treated group +A value of
control groupx100 %.

Statistics analysis

The data of immunohitochemical staining were analyzed with
chi-squaretest. The dataof cell proliferation assay were anayzed
with variance analysis. P<0.05 was considered statistically
significant.

RESULTS

Leptin expression in human HCC and adjacent non-tumorous
liver tissues

The expressed Ob gene product, leptin was detected in al 36
specimen from adjacent non-tumorous liver tissues (36/36,
100%), with moderate (++) to strong (+++)intensity. The
expression ratein HCC was 72.22% (26/36), but the intensity
wasweaker (+) than that in adjacent non-tumorous liver tissues
(Figure 1), asignificant differenceinleptin expression wasfound
between adjacent non-tumorousliver tissuesand HCC (P<0.05).
Ten of 36 specimens from HCC (10/36, 27.78%) even lost the
expression of leptin, but Kupffer cellsand vascular endothelial
cells expressed high levels of leptin (Figure 2).

Figure 1 Expression of leptin in adjacent non-tumorous liver
live cells (left) and absent expression in HCC cells (right). S-P
immunohistochemical staining x200.
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Figure 2 Absent expression of leptin in HCC cells, Kupffer
cells and vascular endothelial cells expressed high levels of
leptin. S-P immunohistochemical staining x400.

Ob-R expression in human HCC and adjacent non-tumorous
liver tissues

Thirty out of 36 specimens from adjacent non-tumorous liver
tissues (30/36, 83.33%) were positive for Ob gene receptor
product, with a moderate (++) to strong (+++) intensity. Only
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11 of 36 specimensfrom HCC (11/36, 30.56%) were positive,
withawesk (+) intensity. Theexpression of Ob-Rwassignificantly
lower than that of adjacent non-tumorous liver tissues (P<0.05).

Effect of leptin on the proliferation of Chang liver cells in vitro
Leptininhibited the proliferation of Chang liver cellson the5"d
after leptin treatment at various concentrations. The cell survival
rate was 10-13% lower than that of the untreated cells (Figure
3A), athough without statistical significance (P>0.05).

Effect of leptin on proliferation of SMMC-7721 cells in vitro
Leptin had little effect on the proliferation of liver cancer cells
(Figure 3B), the cell survival rate on each day after leptin
treatment was lightly lower than that of the controls, but no
statistical significance was found (P>0.05).
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Figure 3 Effect of leptin at different concentrations (ng/mL)
on proliferation of Chang liver cells and liver cancer cellson d 5
(MTT assay). A: Effect of leptin at different concentrations
(ng/mL) on proliferation of Chang liver cellsond 5 (MTT
assay), B: Effect of leptin at different concentrations (ngZ/mL)
on proliferation of liver cancer cellsond 5 (MTT assay).

DISCUSSION

It has found that certain cancers are associated with obesity,
including breast, prostate, colon, uterus, renal cell, pancreas
carcinoma and esophagus adenocarcinomal??23, Leptin, an
Ob gene product, could control body weight homeostasis
through food intake and energy expenditure, and was closely
associated with obesity™ 3. Although epidemiological observation
showed that obesity was arisk factor of HCC complicated with
acoholicliver disease and cryptogenic cirrhosis?232 clinical
investigations have identified that serum leptin levelsin
alcoholic and post-hepatitis liver cirrhosis patients with or
without HCC areincreased significantly in comparison with those
in control subjectd?2+*1, There was no study on therole of leptin
in carcinogenesis of human hepatic cellular carcinoma?2%,
The present study investigated the expression of leptin and
its receptor Ob-R in both adjacent non-tumorous liver tissues
and HCC tissueswith immunohistochemical staining, and found
that adjacent non-tumorous liver cells expressed higher levels
of leptin and its receptor than corresponding HCC cells, about
one fourth of HCC tissues lost the expression of leptin, and

two thirdshad no Ob-R expression (Figures 1, 2). Thesefindings
suggest that leptin could act in vivo as a paracrine/endocrine
growth factor towards hepatocytes, and played a possiblerole
in the process of initiation and progression of HCC, which
could thus contribute to the explanation of the reasons why
alcoholic and post-hepatitis liver cirrhosis patients with or
without HCC had high levels of serum leptini?*%% and the
reasons why obesity was arisk factor of developing HCC?223,

In proliferation assay in vitro, leptin had differential effects
on the proliferation of human cancer cells. Tt caused growth
potentiation in breast, esophagus, and prostate cancer cells,
but inhibited the proliferation of pancreatic cancer cellg21%%2,
INMCF-7 cdlls, leptin and high glucose stimulated cdll proliferation
asdemondtrated by theincreasesin DNA synthessand expresson
of cdk2 and cyclin D1. However, they had no significant effect on
the proliferation of multidrug-resistant human breast cancer
NCI/ADR-RES celld9, In this study, leptin a one showed some
inhibitory effect on the proliferation of normal Changliver cells,
and no effect on liver cancer SMMC-7721 cells. However, Chang
liver cell linewas originally thought to be derived from normal
liver tissue, but was subsequently found on the basis of isoenzyme
analysis, HeLamarker chromosomes, and DNA fingerprinting,
to have HelL a cell contamination when it was established
(www.atcc.org). Therefore, these findings in vitro might be
associated with different biological characteristics of cancer
cellsto react to leptin treatment, and/or the organ derivation of
cancer cell lines?. In addition, Chang liver cell line was not a
good control of normal liver cells.

In vivo animal experiments findings showed that L eptin was
agrowth factor that could stimulate proliferation of colonic
epithelial cellsinmice®. It isalso aprofibrogenic cytokine and
could play akey rolein liver fibrosig®!. ob/obmice having a
naturally occurring mutation in the ob gene that prevents the
synthesis of leptin had an increased incidence of HCCEY, This
study showed that leptin had some inhibitory effect on the
proliferation of normal Chang liver cells and no effect on the
proliferating of onliver cancer SMMC-7721 cells(Figures3A,3B),
and adjacent non-tumorous liver tissues could express higher
levels of leptin and its receptor than the corresponding HCC
cells (Figure 1). It could be assumed that leptin acting as an
inhibitor and/or promoter, was involved in the process of
carcinogenesis and progression of human HCC. In addition,
the high levelsof leptin expression in Kupffer cellsand vascular
endothelial cells might be associated with liver cirrhosig4273536],
and angiogenesis of cancer tissued**%", because these lesions
might deteriorate HCC.

In summary, a preliminary investigation of the possible
involvement of leptin in carcinogenesisof human hepatocellular
carcinomawas performed in this study to elucidate the etiology
and carcinogenesis of HCC. To the best of our knowledge2227,
thisisthe first report on involvement of leptin in HCC. The
presence of leptin and its receptor in adjacent non-tumorous
liver and HCC cells, and the effects of leptin on proliferation of
normal Chang liver cellsand liver cancer cells may provide new
insightsinto the carcinogenesis and progression of human HCC.
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Abstract

AIM: To study oval cells’ pathological characteristics and
relationship with the occurrence of hepatocellular
carcinoma (HCC); to observe the form and structural
characteristics of oval cells; to explore the expression
characteristics of C-kit, PCNA mRNA and c-mycgene during
the occurrence and development of HCC and the effect of
ulinastatin (UTI) on C-kit and PCNA expression.

METHODS: One hundred and twenty-five SD rats fed on
3,3'-diaminobenzidine (DAB) to construct HCC models were
divided into control group, cancer-inducing group and UTI
intervention group. In each group, rat liver samples were
collected at weeks 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22 and
24 respectively to study pathological distribution
characteristics of oval cells in the process of carcinogenesis
under optical microscope. Oval cells were separated by
the methods of improved density gradient centrifugation
and their structural characteristics were observed under
optical microscope and electronic microscope respectively; the
oval cells expressing C-kit and PCNA in the collected samples
were observed by the methods of immunohistochemistry and
image analysis and the expression of c-myc mRNA was also
detected by reverse transcription polymerase chain reaction
(RT-PCR).

RESULTS: Oval cells proliferated firstly in the portal area
then gradually migrated into hepatic parenchyma in the
inducing group and intervention group. The oval cells
distributed inside and outside the carcinoma nodes. The
oval cells presented the characteristics of undifferentiated
cells: a high ratio of nucleolus and cellular plasm and
obvious nucleoli, rare organelle in plasm. Only a few
mitochondria and endoplasmic reticulum and some villus-
like apophysis on surface of cells could be seen. Cells
stained with C-kit and PCNA antibody were mainly oval
cells distributed in the portal area. The expression of c-
myc mRNA increased with the progression of HCC.
However, in the intervention group, UTI could retard its
increase.

CONCLUSION: Oval cells work throughout the development
of HCC, and might play important roles in this process.
c-myc gene may be a kind of promoter gene of HCC, and
play a key role in hepatic injury and development of HCC.
UTI could retard the occurrence of HCC.

Fang CH, Gong JQ, Zhang W. Function of oval cells in
hepatocellular carcinoma in rats. World J Gastroenterol 2004;
10(17): 2482-2487

http://www.wjgnet.com/1007-9327/10/2482.asp

INTRODUCTION

HCC isoneof themost common malignant carcinomasin China.
Because of its high rate of metastasis and recurrence and lack
of typical symptoms in early stage, HCC has the second
mortality rate among all the malignant carcinomas™?. Up to
now, obvious progress has been made in the study of cell
origin of HCC. Oneisthat HCC is originated from abnormally
differentiated oval cells, the other is that it results from
dedifferentiation of mature liver cells. In order to probe the
relationship between oval cells and HCC, we explored the
pathologic distribution characteristics, structural features of
oval cellsin the pathogenesis of HCC in experimental SD rats
and the expression characteristics of C-kit, PCNA and c-myc
genesinoval cells.

MATERIALS AND METHODS

Materials

One hundred and twenty-five clearing SD rats (100+20 g)
(Experimental Center of Zhongshan University) werefedinthe
environment of 18-28 °C and 40-70% humidity in Animal
Feeding Unit, Zhujiang Hospital, First Military Medical
University. DAB (Dako, Japan) was used as inducing drug for
HCC in rat; proline, asparagic acid, serine phenylalanine,
tyrosine pyruvate sodium, transferring, epidermal growth factor
(EGF) (Sigma, USA) and F12, F12/DMEM (1:1) (Gibco, USA),
and fetal bovine serum (Sijiging Co, Hangzhou, China) were
used for culture medium for oval cells. Collagenase VI and
density gradient centrifugation (percoll) (Sigma) were used for
separating oval cells. C-kit polyclonal antibody (Sigma),
immunohistochemical kits (SABC methods) and poly-lysine
for adhibiting section, neutral resin for envelop section (Boshide
Co, Wuhan); PCNA immunohistochemical kits (SP methods),
DAB dyeing reagent (Zhongshan Co, Beijing); c-myc mRNA
kit, total RNA extraction kits, DNA marker (100 bp), primersfor
polymerase chain reaction(PCR) and RNAsin (Huamei
Bioengineering Co), M-MLV reverse transcriptase (Promega
USA), Taq DNA polymerase (Gibco), 4xdNTP (Sigma),
amplification primer for reverse transcription polymerase chain
reaction (RT-PCR) were synthesized by Shanghai Biotech Co.
according to the GenBank database.

Methods

HCC model The method of constructing HCC model in the
cancer-inducing group and inter group was according to the
references®4. After fed on DAB for 14 wk, rats were given
normal drinking water, but in control group, the rats were fed
on standard food. In the interference group, as soon as the
DAB was administrated, UTI (2-10° U/kg) was injected into
abdominal cavity, twice aweek until wk14(58, One hundred
and twenty-five clearing SD ratsweredivided into control group
(24 rats), cancer-inducing group (48 rats) and UTI interference
group (48 rats), the other 5 rats were used to construct the
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model of oval cells proliferation. Each group was divided into
12 sub-groups, and there were 2 ratsin sub-group of the control
group and the cancer-inducing group, 4 rats in sub-group of
interference group. Two piecesof 1 cmx1 cmx1 cm tissue taken
from theright liver lobe of each rat in sub-group werefixedin
40 g/L formaldehyde and 2-4 pieces of soybean-sized tissue
taken from the left liver lobe of each rat in sub-group were
placed respectively in the 0.5 mL centrifuge tube and preserved
inarefrigerator at-80°Catwk 2,4, 6, 8, 10, 12, 14, 16, 18, 20, 22
and 24 respectively during construction of HCC model. The
samples of right liver lobes were sliced serially to count
cancerous nodes under low power microscope. Nodes more
than 0.05 mm? were measured by the gridding ocular micrometer.
Separ ation of oval cells When therats have been fed DAB for
4wk, alarge number of oval cells proliferated from the hepatic
portal area, which could be identified by HE dyeing section
analysis. Firstly, D-Hanks' solution was perfused through portal
vein until the liver color turned yellow, then 1 g/L collagenase
IV was affused to digest liver. The digested liver was put in a
beaker, washed 3 times with Hank’s solution, and minced
thoroughly at the same time, then 0.6 g/L collagenase IV was
added to further digest liver for 30 min at 37 °C. The cell
suspension was filtrated through 100 holes/cm? sieve, then
centrifuged at 300 r/min at 4 °C for 5 min, the cell suspension
was extracted and centrifuged again at 2 000 r/min at 4 °C for
10 min. The upper layer solution abandoned, then cells were
suspended again with 10 mL F12 solution. Thedensity gradient
centrifugation solution (percoll) was blended with 100 g/L. NaCl
at aratio of 9:1 and diluted with F12 into the solution of 90%,
70% and 50%, respectively. TenmL of each solutionwasput in
a high-speed centrifugation tube of 50 mL, according to the
concentration gradient of 90%, 70% and 50%. A 10 mL cell
suspension was placed on the top of each tube, then centrifuged
for 30 min at 4 °C, 12 000 g so that the oval cells were located
between the centrifugation solution of 70% and 50%, then the
oval cell suspension was extracted carefully to another tube,
Hanks' solution was added with 5 kU/L benzylpenicillin and
streptomycin A, then centrifuged at 1 000 r/min for 5 min, the
precipitate was retained. Culture medium F12/DMEM (1:1)
solution was added to suspend cells. Then the suspension
was inoculated into 25 cm? plastic culture bottles, according to
the density of 2x10°/L, placed into incubating cabin with 5 mL/L
CO; at 37 °C. After 24 h the culture solution was replaced and
oval cells could be seen adhering to the bottle wall.
Cultureof oval cells The culture medium consisted of 200 mL/L
fetal bovine serum which was diluted with the solution of
DMEM/F12(1:1) containing epidermal growth factor (20 ug/L),
transferring (20 pg/L) and somekindsof amino acid. Theculture
medium was replaced every 2 or 3 d. When cells overgrew in
the bottles, some parts of cells were transferred into another
culture bottle. The culture medium in the bottleswas extracted;
F12 solution was added to clean the cells three times, then
mixed with 2.5 g/L pancrestinto digest. The cellswere observed
under the microscope for about 1 min, then oval cells could be
seen floating and then the culture medium was added to
terminate digestion. After the cells were separated compl etely,
they were inoculated into another bottle.

C-kit immunohistochemistry Carry sheet glassesweretreated
by polylysine. Paraffin sections (5 um thick) were dewaxed by
dimethylbenzene and alcohol respectively. After washed by
0.01 mol/L PBSfor 2 min 3times, the sectionswereincubated in
3 mL/L H,0O, solution for 10 min to inactivate endogenous
peroxides, heated in citric acid sodium solution in microwave
oven at 100 °C to retrieve antigen for 10 min and then cooled for
25 min. After washed with 0.1 mol/L PBSfor 2 min 3 times, they
were incubated with normal goat serum to block nonspecific
binding of antibodies for 10 min at room temperature. The
sections were then incubated with 1gG of rabbit antiserum

against mouse at 37 °C for 24 h or at 4 °C overnight, washed
with 0.01 mol/L PBSfor 3timesfor 2 min each, then incubated
with goat 1gG anti-rabbit at 37 °Cfor 20 min, washed with
0.01 mal/L PBSfor 2 min 3 times, Reagent SABC was added
and incubated at 37 °C for 20 min, section were washed again
with 0.01 mol/L PBSfor 3times. Theimmunoreacted cellswere
then visualized by using DAB kits asfollows: adrop of reagent
A, B and Cwasadded into 1 mL distilled water, then they were
blended completely and dripped on the sections. The sections
were counterstained with hematoxylin for 50 s, then dehydrated
and observed with light microscope.

PCNA immunohistochemistry (SP methods) The SABC
reagent was replaced by the solution of streptoavidin marked
with horse-radish peroxidase in the first steps and the other
steps were the same as C-kit immunohistochemistry. C-kit
protein was stained brown yellow. The localization of C-kit
protein and its change in quantity were observed when the
rats liverswere injured. PCNA protein was stained as brown
yellow. The localization of PCNA positive cellsin the hepatic
lobule was observed and PCNA labeling index (proliferating
index) was calculated by randomly observing 5 fields under
high microscope in each section. The positive cells among 100
cellswere counted in each field and mean values were taken.
RNA extraction and assessment The preserved 50-100 mg
liver tissues were mixed and grinded evenly with 1 mL cold
denaturant. A ImL lysisliquid wasaddedintoa2.0 mL centrifuge
tubeand then mixed with 0.1 mL sodium acetate (pH4.0). A 100mL
phenoal/chloroform mixture was mixed with the above mentioned
liquid and intensely vibrated for 10 s, then placed onicefor 10 min.
The liquid was centrifuged at 4 °C. The top layer liquid was
transferred into a 1.5-mL centrifuge tube and kept at -20 °C for
15 min after mixed with isopropanol of identical volume. White
jelly-like precipitate after centrifugation at 10000 g for 15minat
4°Cwasthetotal RNA. RNA wasresolved completely by 1 mL
lysis and RNA precipitate and wall of the tube liquid were
washed with 250 mol/L a cohol. Resolved RNA in RNase-free
water and preserved it at -20 °C. The absorbance (A) of total
RNA was measured by ultraviolet spectrophotometer and the
RNA concentration(g/L) was Axxnucleic acid dilution
timesx40/1 000 (Azso/Azso) (if Aof RNA >1.8, the RNA ispure
enough to be used in the following experiment).
Agaroseelectrophoresis RNA solution 1 L. mixed with 2 pl
bromphenol blue buffer was electrophored in the level
electrophoresis chamber treated by RNase-free water at 100 V
for 20 min then the gelatum was taken to be observed. Three
RNA strapsof 28 s, 18 s, and 5 s could be seen through gel
electrophoresis.

cDNA synthesisand PCR reaction A 2 uL (1 pg) total RNA,
4L (20 pmoL.) of c-myc downstream primer and 8 L. of RNA-
freewater were mixed well at theroom temperature, put in water
bath at 70 °C to degenerate for 5 min. Then they were put onice
for 1 min, centrifuged at 200 g for 30s. A 5L M-MLV reverse
transcriptase 5xBuffer, 5 uL dNTP (2.5 mmol/L), 5 L rRNasin
(20U) and 5 pL M-MLV RT were added and the total reaction
volumewas 34 pL. The mixture wastreated at 42 °C for 60 min
and at 95 °C for 5 min to inactivate reverse transcriptase, then
maintained at -30 °C. Sixteen L of cDNA , 5 L 10xBuffer (no
MgCl,), 3 pL solutionsMgCl, (25 mmol/L), 4 uL (2.5 mmol/L)
dNTP, 3 pL (15pmoL) of senseincluding target gene and mark
gene repectively, 3 UL (15 pmolL) antisense including target
gene and mark gene respectively, 1 L (3U) Tag DNA enzyme
and 9 pL RNA-free water were mixed totally at the room
temperature, and the above total reactive volume was 50 L.
Then a drop of paraffin oil treated at high temperature was
added onto the surface of mixture, and degenerated at 94 °Cfor
5min. PCR cyclewasat 94 °C, 50 °C and 72 °C respectively, for
1 mineach. After 35 cycles, an extension at 72 °C was performed
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for 5min.

Agarose electrophoresis A 8 L product of c-myc DNA was
taken for caraphoresisin 20 g/L sepharose (containing small
quantity EB), and two straps of 228-bp and 120-bp (the product
of mark gene) were found under light. The caraphoresis strap
of PCR was scanned and quantitatively analyzed with gel image
analysis system.

Statistical analysis

Experiment resultswere anayzed with SPSS10.0 software. Data
were analyzed with single-side analysis of variance and with
L SD methods for inter-group analysis. Chi-squared test was
used to compare rates between two groups. P<0.05 indicates
significant difference.

RESULTS

Pathological characteristics

Therats liver cellsinthe early period of cancer-inducing group
showed balloon-like degeneration under light microscope (1-8 wk).
Since the 2nd wk in the cancer-inducing group, the oval cells
started to proliferate in portal areaand gradually migrated into
liver parenchyma (Figure 1). The pseudo-lobules formed in the
liver and oval cells migrated into lobulesin the middle period
from the 15thto 24th wk. The cancer cell nucleus presented in
different sizes and karyokinesis often occurred. Cancer cells
infiltrated toward the periphery of liver tissue, and at the same
time, focal bleeding and necrosis obviously occurred. Huge
amounts of leucocytesinfiltration could be seen in the peripheral
areaof nodesand portal area, and lots of oval cell proliferations
were shown in portal area and in cancer nodes (Figure 2).
Beginning from the 2nd wk of cancer induction, the proliferation
of oval cells could be seen in portal area. Firstly oval cells
appeared in the epithelial lining of bile duct of portal areaand
then gradually proliferated and migrated into liver parenchyma.
In the fibrosis formation period, the proliferation of oval cells
could be seen in portal area and in its peripheral area. The
volume of oval cells was about as big as one third of normal
liver cells, round or oval-shaped and its margin was unclear
with scant cytoplasm and basophils. The cell nucleuswasround
or oval shaped, with dight stain, vague membrane and obvious
nucleolus. Ovd cellsproliferated first in portal areaand thenin
liver limiting plate, migrated along liver sinusoids and to the
middle part of lobules. These cells often presented astwo lines
or branches, destroying the neighboring liver cord. The left
lobeliver cellswere scattered among the proliferated oval cells
that distributed inside and mainly outside of the cancer nodes.
Oval cells showed the characteristics of undifferentiated cells:
a big ratio of nucleus and plasm and obvious nucleoi, rare
organele in plasm, only a few mitochondria, endoplasmic
reticulum and some villus-like apophysis on surface of cells
could be seen under the electronic microscope (Figure 3).

L = - =

Figure 1 Early inflammatory liver tissues in cancer inducing
group at the 2nd wk and the differentiation of oval cells in the
portal area (HE staining, original magnification: x200).

Figure 2 A large quantity of oval cells gathered around the
cancer nodes in cancer inducing group at 20th wk (HE staining,
original magnification: x200).

Figure 3 Electron microscopic observation showed: the volume
of oval cell was about as big as one third of normal liver cell,
round or oval shaped, scant cytoplasm with unclear cell margin.

The effect of UTI on cancer induction: in the early period,
the balloon-like degeneration of liver cells was much milder
than that of the liver cells in cancer-inducing group. The
balloon-like degeneration of liver clswasobviousinthemiddle
period and local liver cells became necrosis, liver lobes were
destroyed and the liver fiber proliferated and the pseudo-lobues
formedinthelocd areawithalargeamount of ova cdll aggregating
in the portal area and liver parenchyma could be seen. In the
period of carcinoma formation, pseudo-lobues were seen
apparently inlarge parts of liver parenchymaand alarge number
of oval cellsaggregated to an extreme extent. Someliver cancer
cellswith column-like or glandular-like structure appeared in
part of liver parenchymaand oval cells scattered among the
cancer cells. The neoplasia nodes were counted asin Table 1.

Table 1 Number of cancerous nodes and cancer nodes area in
rat liver (meanzSD, n=8)

t/wk Cases of Number of Area of cancer

hepatic cancer  cancerous nodes (mm?)

A B A B A B

2-4 0 0 0 0 0 0

6-8 0 0 0 0 0 0

10-12 2 0 4 0 9.5+8.2 0
14-16 6 2 15 5 10.7£8.7 5.8+4.52
18-20 8 4 17 9 11.448.9 8.5+7.6
22-24 8 4 16 10 11.249.3  8.6+7.3

2P<0.05 vs group A; A: cancer- induction group; B: intervention
group.

Characteristics of c-kit positive stain cells
C-kit positivestainlocalizedin cell plasminnormal liver showed
brown-yellow and was mainly in the mitotic and proliferating
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liver cells. At the 2nd wk in the cancer-inducing group, some
c-kit positive stain cells, mainly ovd cells, appeared inthe portal
area and punctated positive pigmentations could be seen in
liver lobulesaswell. At the 8th wk, ova cellsin the portal area
in the cancer-inducing group were obviously positively stained,
with some positive pigmentation forming patches and some
punctating in the rim of portal area (Figure 4). At the 14th wk,
the normal liver structure was replaced by alot of pseudo-
lobule and still alarge number of c-kit positive stain cells could
be seen which mainly gathered in portal area. Inthe22ndwk in
the cancer-inducing group, alarge number of cancerous nodes
formed and some positive cells scattered among them (Figure 5).
The characteristics of c-kit positive staining cellsin the samples
of intervention group was almost identical with that in cancer-
inducing group.
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Figure 4 Expression of c-kit in liver tissue in cancer inducing
group at the 8th wk. The oval cells were mainly stained in
portal areas (Immunohistochemistry, x200).

Figure 5 Expression of c-kit in the HCC tissue in cancer induc-
ing group in the 24th wk (Immunohistochemistry, x200).

Characteristics of PCNA positive cells

PCNA positive staining located in the nucleus, as granules or
diffusively. Occasionally positive stains were seen in normal
liver tissue. At the 2nd wk of the cancer-induction, the PCNA
positive cellsfirstly appeared among the oval cellsin the portal
area. At the 4" wk, alot of hepatic cellswere positively stained,
especially in central vein area. At the 6" wk, also the middle
stage of inflammatory process, PCNA positive cells were seen
all over thelobulesof liver. At the 8" wk, the number of PCNA
cellswas comparatively decreased and nuclei of positive cells
around the portal areatended to becomelarger gradually. From
the 10th to 14th wk, some of the proliferating hepatic fibers
were lightly stained and the oval cellsin portal areastill over
expressed PCNA. From the 16th to 24th wk, alarge number of
cancerous nodes formed and PCNA over expressed in some
cancerous nodes (Figure 6), while the number of positive cells
was relatively fewer in necrotic cancerous nodes than in other
areas and the number of dotted positive stain cells adjacent to
the carcinoma tissue was apparently fewer than inside the

carcinomatissue. In the intervention group, PCNA positive
stain cellsfirstly appeared among the oval cellsin portal area,
and then their number increased with the aggravation of hepatic
intoxication by DAB. The PCNA positive stain rate and
expression level reached the pegk at the 10thwk inrat liver. The
distribution characteristics of PCNA positive cellswere similar
to those in the cancer inducing group when HCC formed. The
labeling index of PCNA positive stain cellsisshown in Table 2.

-, - - :

. 'I- . - 1_-* N - .. "'._1."- " :_-
A [ Il|-' 4 [ .'.:.-'-I'. .r- s F
S Yk w ¥ - T g e

. . ' . R ] = | g
PRy IR
‘ .I -.-I -'h I"‘.- -'-.
g™ B o PR e L i
o R A ey o

Figure 6 PCNA expression in HCC tissue in the cancer induc-
ing group at the 24th wk (Immunohistochemistry, x200).
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Figure 7 Electrophoresis image of total RNA in rat liver tissue.

1 2 3 4 5 6

Figure 8 Products of RT-PCR of c-myc mRNA (up-strap: 228-bp
c-myc; low-strap: 120-bp B-actin; Lanesl and 2: Hepatocarcinoma
tissue; Lane 3: Hepatocirrhosis tissue; Lanes 4-6: Inflammation
tissue; Lane 7: Normal tissue).

800 bp

500 bp

300 bp
200 bp

Table 2 PCNA positive index and c-myc relative gray value in
liver (mean+SD)

Cancer induction (n = 8) Intervention (n=8)  Control
t/wk (n = 4)
PCNA (%) RGV PCNA (%) RGV PCNA (%) RGV

2-4 14.1+7.5% 1.3+1.0 7.6+3.3 1.2+0.6 3.0+1.2 1.0£0.3
6-8 48.2+15.5° 2.0+07 243474 15207 2.9+15 1.1+0.4
10-12 23.7+9.6% 3.6+1.2°  35.1+6.5° 2.2409 3.3+0.9 1.1+0.5
14-16 25.9+5.12 57+1.4>  21.5+4.2¢ 35+1.00 3721 1.3+0.4
18-20  36.8+6.3° 7.8+1.4*  29.6£7.6*  6.5+1.1° 3.6+1.3 1.3+0.6
22-24  41.248.2° 8.2+2.2°  30.248.7*  8.0+1.3° 3.5+22 1.3+0.4

3P<0.05, "P<0.01 vs group C; RGV: Relative gray value.
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C-myc gene expression

Expression of c-myc gene existed in normal rat liver tissue, but
the expression quantity isrelatively small. The expression of
c-myc mRNA increased as soon as liver was intoxicated with
DAB and its expression quantity tended to gradually increase
with the aggravation of liver injury. In the period of carcinoma
formation, c-myc mRNA expression level also gradually rose
with the development of HCC (Table 2, Figures 7, 8). The
intervention of UTI could not stop but could retard the increase
of expression level of c-myc mRNA.

DISCUSSION

Oval cellsareround or oval shaped with scant and basophilic
cytoplasm, and round or oval shaped nucleus, small and clear
light stained nucleolus and clear nuclear membrane. Because
they can differentiate towards hepatic cellsor bileduct epithelia
cellswhen hepatic cellsare severely injured or the proliferation
isinhibited, oval cells are considered as a kind of progenitor
cellswith potential bilateral differentiation!™. It isreportedthat
the activation of Ito cells was prabably a precondition for the
activation of oval cells and stimulates oval cellsin the
portal areas to migrate towards the hepatic fibrosis area.
Consequently, oval cells may participate in the formation of
HCCE1,

Thereisno doubt that there are hepatic stem cellsin hepatic
tissues, but where do the hepatic stem cells come from? Some
researchers thought that they were originated from the terminal
biliary duct of portal ared'>™, but someinsisted that they were
from the canal of Hering™*¢, and some even found authentic
evidence that the oval cells came from bone marrow stem
celld2, In order to identify the origin of hepatic stem cells
and the relationship between hepatic stem cells and the
development of HCC, we carried out the study on the surface
marker antigen c-kit with immunohistochemical methods, and
found that: (1) In the early stage of hepatic injury, the c-kit
positive stain cellsfirstly appeared among the oval cellsin the
portal area. (2) In the late stage of inflammatory lesion, c-kit
was over expressed in the oval cellsin the portal area and
positive pigmentation presented as patches. (3) During the
period of hepatic proliferation and fibrosis, positive expression
of c-kit in portal area decreased compared with that in the late
stage of inflammatory lesion. (4) In period of the formation of
HCC, heteromorphisms of cancer cellswere obvious and c-kit
was still expressed in portal area. (5) At the beginning of
inflammatory lesion, thereweresmall quantitiesof c-kit positive
cellsin hepatic lobuleswith smaller nuclei and morewerefound
near portal area. During the period of hepatic fibrosis, c-kit
positive cells were rarely seen in hepatic lobules, but during
theformation of HCC, c-kit positive cells appeared both inside
and around the cancerous nodes. (6) In the normal hepatic
tissues, c-kit-positive stain cells could be occasionally observed
inthe mitotic and proliferating hepatic cells. From these resullts,
we can conclud that: (1) Oval cells had the highest expression
level of c-kit in the portal area from hepatic injury to the
occurrence and development of HCC. Asit has been proved
that the oval cells originate from bile duct epithelial cellsinthe
portal area, we suggest that the terminal bile ducts are an
important source of hepatic stem cells. (2) In the course of
hepatic injury, c-kit positive cells could be found in hepatic
lobules as well, especially near the portal area, which may be
related to migration of oval cells along hepatic fibrosis into
hepatic lobules. (3) C-kit was not only expressed in hepatic
stem cells, but in the mitotic and proliferating hepatic cells,
which indicated that c-kit might be aspecific mark antigenfor a
type of juvenile cells, express only in acertain stage of mitotic
and proliferation of hepatic cells. (4) C-kit positive stain cells
played aroleinthewhole process of occurrence and devel opment

of HCC and appeared in cancerous nodes, so we thought that
hepatic stem cells, just as was reported in literature, were
involved in the occurrence and development of HCC.

PCNA isatype of M, 36 000 nuclear protein whichisonly
synthesized and expressed in proliferating cells. Cyto-dynamics
showsthat PCNA beginsto increasein the late G, phaseinthe
cell cycle, reachesthe peak in the S phase and beginsto decrease
in the G,-M phase, in thisway it regulates the replication of
DNA®Z-2, Therefore, PCNA caneffectively reflect theproliferation
ability of cells. In this experiment we found that the high level
expression of PCNA appeared firstly in the oval cellsin portal
area at the early stage of inflammation, significantly higher
than adjacent tissue. When the mitosis and proliferation of
hepatic cells were inhibited, oval cells presented firstly with
activeproliferation and DNA was synthesized in alarge amount
in nucleus. Thefarther they were away from the portal area, the
more mature the oval cells differentiated and the larger the size
of nucleus tended to be. Thus the expression of PCNA
distributed radiatively and regionally around the portal area
and the regional predominance was kept for along timein the
process of carcinoma induction. Oval cells took part in the
whole process of development of HCC, we could speculate
that there might be close rel ationship between the devel opment
of HCC and the PCNA overexpressing oval cells.

c-myc geneisamaintaining gene for malignant tissue, coding
for a protein located in nucleolus, atype of DNA conjugated
protein with the function of transcription regulationi?27, This
experiment suggested that the expression of c-myc gene
increased slightly at the beginning of hepatic injury and the
expression of c-myc mRNA increased progressively with the
aggravation of hepatic injury. The expression of c-myc mRNA
also tended to increase with the development of HCC. The
above resultsindicated that: (1) Asan oncogene, c-myc might
be a promoter gene for HCC and played an important rolein
maintaining hepatic injury and hepatocyte carcinomatous
change. (2) During the development of HCC, the expression
level of c-myc continued to increase, indicating that c-myc was
not only a maintaining gene for malignant carcinoma, but the
quantity of its expression was a symbol for the degree of
malignancy and progression of HCC.

UTI isakind of broad-spectrum trypsin inhibitor extracted
from human beings' urine. It has been found that UTI playsa
prominent role in preventing cancer cells from spread. Some
researchers pointed out that there were combination spotswith
UTI onthe surface of nearly all kinds of cancer cells membrane
and UTI could inhibit cancer cells to secrete granulocyte
protein lyase, fibrinoclase, matrix metalloproteinase and
collagenase®?!: which can degrade peripheral matrix and lead
tumor cellsto spread, by combining with their receptors on the
surface of cancer cell membrane. Some clinical reports showed
that UTI could inhibit the cancer cells to combine with other
anti-cancer drugg™. In this experiment, theinterference of UTI
throughout development of HCC and its effect on HCC were
observed. It was found that from the 14th to 16th wk, the
occurrencerate of HCC in theinterference group was 25% (2/8),
which was significantly different (P<0.05) from that of cancer
induction group at the same time. During the 18th to 20th wk
and the 22nd to 24th wk, the occurrence rate of HCC was both
50% (4/8), which was lower than that in the cancer inducing
group at thesametime. UTI’seffect oninhibiting the occurrence
of cancer wasrelated to thefollowing factors: (1) Theoccurrence
of HCC needed certain micro-environment and UTI couldinhibit
some local cells from releasing inflammatory mediators by
stabilizing lysosome membrane, then the inflammatory cells
chemotaxiswasinhibited and local inflammation wasrelieved,
thus it could inhibit the occurrence of tumor by stabilizing
micro-environment. (2) Researches proved that UTI had fairly
strong function to inhibit and clear away oxygen-derived free



Fang CH et al. Oval cells in hepatocellular carcinoma

2487

radicals, while alot of oxygen-derived free radical receptors
existed on the surfaces of liver cellsand oval cells, so possibly
UTI could protect liver tissue from being damaged by oxygen-
derived freeradicals. Furthermore, during the whole process of
cancer induction, the average cancer node area of liver ratsin
interference group was smaller than that of cancer inducing
group at the same time points (P<0.05), especialy at the early
stage of carcinogenesis, which indicated that UTI could partly
inhibit the growth and local spreading of tumor cells.

The resultsthat interference of UTI could not stop but could
retard the increase of the expression of c-myc mRNA indicate
two points: (1) UTI can prevent the occurrence of hepatic injury
and HCC to some extent, but can not inhibit the expression of
c-myc gene, which might be related with inhibitory effect on
hepatic tissue inflammation and protective effect on
hepatocytes of UTI. (2) The expression of c-myc gene closely
relates to the severity of hepatic injury.
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Abstract

AIM: To investigate the immunogenicity of candidate DNA
vaccine against hepatitis C virus (HCV) delivered by two
plasmids expressing HCV envelope protein 1 (E1) and
envelope protein 2 (E2) antigens respectively and to study
the effect of CpG adjuvant on this candidate vaccine.

METHODS: Recombinant plasmids expressing HCV E1 and
E2 antigens respectively were used to simultaneously
inoculate mice with or without CpG adjuvant. Antisera were
then collected and titers of anti-HCV antibodies were analyzed
by ELISA. One month after the last injection, animals were
sacrificed to prepare single-cell suspension of splenocytes.
These cells were subjected to HCV antigen specific proliferation
assays and cytokine secretion assays to evaluate the cellular
immune responses of the vaccinated animals.

RESULTS: Antibody responses to HCV E1 and E2 antigens
were detected in vaccinated animals. Animals receiving
CpG adjuvant had slightly lower titers of anti-HCV antibodies
in the sera, while the splenocytes from these animals
showed higher HCV-antigen specific proliferation. Analysis
of cytokine secretion from the splenocytes was consistent
with the above results. While no antigen-specific IL-4 secretion
was detected for all vaccinated animals, HCV antigen-specific
INF-y secretion was detected for the splenocytes of
vaccinated animals. CpG adjuvant enhanced the secretion
of INF-y but did not change the profile of IL-4 secretion.

CONCLUSION: Vaccination of mice with plasmids encoding
HCV E1 and E2 antigens induces humoral and cellular
immune responses. CpG adjuvant significantly enhances
the cellular immune response.
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INTRODUCTION

Hepatitis C virus (HCV) infection isaworl dwide health problem™.
Uptonow, noeffectivemedicd trestment isavailablefor themgjority

of HCV infected patientd?3, while new infections are continuoudy
emerging from blood transfusion, needle sharing, unprotected
seX, close contact of HCV infected patient and other unidentified
sources?. Thus to control the spread of HCV by vaccination
becomes an urgent task, especially in developing countries
including China, wherethereisalargeinfected population.

Various routes were taken to devel op avaccine against HCV
infection. Recombinant HCV antigens purified from E.coli,
yeast or insect cells could not protect the vaccinee from virus
challeng€e!®, possibly due to the fact that post-translational
modification of the virus antigensin mammalian cellsisgrestly
different from that in the bacteria or yeast cells. So the study
on vaccine development has been focused on mammalian
systems. Although many efforts have been made in vaccine
development and some encouraging results have been
obtained™¥, no effective vaccineis available.

The RNA genome of HCV has a high mutation rate, which
explains the existence of many genotypes, subtypes and
quasispecies®1¥, Although thereisstill apossibility to develop
auniversal vaccine against HCV of all genotypes, the use of
local HCV strain in vaccine study is preferred. Our laboratory
has been focusing on DNA vaccine development!*!! using an
HCV strain isolated from a patient in northern China'?, since
DNA vaccineiseffectivein diciting cellular immune responses®®
which play key rolesin vira clearance.

Envelope proteins were the first choice in the development
of vaccines againgt virusinfection. HCV envelope protein 2 has
become the mgjor target in HCV vaccine development not only
because it is the putative major envelope proteini*, but also
because E2 could mediate the binding of HCV particle to host
cell§® andisthe ligand of the possible HCV receptor CD81 on
thehost cell surface®d. It makes E2 an attractive choicefor vaccine
development asit hasbeen shown to beamajor target of immune
response in HCV infected patients*"*8. Previous studies also
revealed multiple neutralizing epitopes in E2 proteingd'*#,
Anather envelopeproteinof HCV, E1, isalso desirablefor vaccine
development, since its possible role in maintaining the natural
conformation of E2 protein (through E1-E2 complex)i?® and the
possibility of its cooperation with E2 in mediating host cell
binding and entry!??, However, low expression levels of both
E1 and E2 proteins were observed when they were expressed in
asingle open reading frame (data not shown). In this study, we
expressed HCV E1 and E2 proteins separately and analyzed the
immune responses of DNA vaccination delivered by two
plasmids encoding HCV E1 and E2 proteins respectively.

Recent studies showed that the immune system responded
to CpG moatifs by activating potent Th1-likeimmune responses®.
There have also been several reports demonstrating that CpG
could enhance humoral immune responses elicited by DNA
vaccination'?2 possibly due to indirect effect of enhanced
cellular immune responses. The effect of CpG adjuvant on the
immune response elicited by the candidate DNA vaccine was
also investigated in this study.

MATERIALS AND METHODS

Plasmids, CpG oligodeoxynucleotide (ODN) and cells
For the construction of pSecTagB/sE2, the fragment of HCV
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E2 (aa. 384-661) was amplified using plasmid pUC18/E!*? as
templatewithfollowingprimers sense, 5 GGCGTTAAGCTTAA
CACCTACGTG3 (Hindlll siteunderlined); antisense, 5 CAG
GAATTCTCACTCTGATCTATC3' (EcoRI site underlined).
Insertion of the PCR product into pSecTagB (Invitrogen,
California) resulted in pSecTagB/sE2, inwhich asecretion signal
was provided at the N-terminal of E2 sequence. Therecombinant
plasmid was sequenced before further experiments.

HCV E1 encoding plasmid pSec-preS1-E1t340 (pSecTagB/sEL)
was congtructed as previoudy described?. CpG ODN1826 with
phosphorothioate backbone was synthesized in Promega
(Shanghai) according to the published sequence 5 TCCATGA
CGTTCCTGACGTT3'27, The cell line used for transient
expression of the recombinant plasmids, BHK-21, was
maintained in DMEM supplemented with 50 mL/L FCS and
antibiotics under 50 mL/L CO,inahumidified 37 °C incubator.

Transient expression

Transfection of BHK-21 cellswith HCV-encoding plasmid or
empty vector using lipofectAMINE (Invitrogen) was done
according to the manuals of the manufacturer. Cells were
harvested 48 h after transfection, lysed in SDS-PAGE loading
buffer, and subjected to SDS-PAGE (10%). The resolved samples
were then transferred onto nitrocellulose membrane and probed
with polyclonal anti-E1 (Liuet al., unpublished data) or polyclonal
anti-E2 antiserd®. The signaswere visualized with SuperSignal
West Pico stable peroxide solution (Pierce, USA).

DNA immunization and sera preparation

Four groupsof 5femal e BAL B/c mice (6-8 weeksold) purchased
from the Shanghai Laboratory Animal Center were injected 3
timesin quadriceps muscles: group 1, with 100 pg pSecTagB in
100 pL PBS; group 2, with 50 g pSecTagB/sS1E1 and 50 ug
pSecTagB/sE2 in atotal volume of 100 uL PBS; group 3, with
100 pg pSecTagB together with 10 pg CpG in atotal volume of
100 pL PBS; group 4, with 50 pg pSecTagB/sS1E1, 50 pg
pSecTagB/sE2 and 10 ug CpG in atotal volume of 100 uL PBS.
Injections were performed at 0, 4 and 8 wk and blood samples
weretakenat -2, 2, 6 and 10 wk. Micewerebled under anesthesia
through the retro-orbital plexus. Blood was incubated at room
temperaturefor 4 h and centrifuged at 2 700 r/min at 4 °C for
10 min. Obtained serawere stored at -20 °C.

Anti-HCV antibody analysis

Enzyme-linked immunosorbent assay (ELISA) was used to
determine the presence of antibodies against HCV E1 and E2
antigensin serum samples. E. coli-expressed HCV E1 (aa192to
315) or HCV E2 (aa 450 to 5651°Y) was used to coat 96-well
plates (Maxi Sorp Surface, Nunc) a the concentration of 1 pug/mL.
The antigens were suspended in PBSwith 0.2 g/L sodium azide
and incubated overnight at 4 °C. After the plates were washed
with PBSplus0.5g/L Tween 20 (PBS-T) and blocked inblocking
buffer (50 g/L fat-free milk powder in PBS-T), twofold serial
dilutions of serum samplesin blocking buffer were added and
incubated for 2 h at 37 °C. After three wash stepswith PBS-T,
horseradish peroxidase (HRP) conjugated goat-anti-mouse 1gG
(Dako, Denmark; 1 000-fold diluted in bl ocking buffer) wasadded
and incubated for 1 h at 37 °C. The plate was then devel oped
with substrate buffer (50 mmol/L Na,HPO,, 25 mmol/L citric
acid, 75ug/mL 3,3’ 5,5 -tetramethylbenzidine, 0.15 mL/L H,05).
After 30 min of incubation at room temperature, the reaction
was stopped by adding 0.5 mol/L H,SO,, and absorbance was
measured at 450 nm on amicroplate reader (Modd 450, Bio-Rad
Laboratories). Antibody titers were calculated as the highest
dilution which gave a positive reading. The cutoff value was
set as mean absorbency (A) of sera from the control mice
vaccinated with non-recombinant plasmid multiplied by 2.

Preparation of splenocytes

Micewere sacrificed by cervical didocation. Spleensfrom these
mice were ground on metal mesh to prepare single-cell
suspension in grinding media (RPM 11640 supplemented with
100 mL/L FCS, 1 mmol/L Sodium pyruvate and 50 pmol/L
[3-ME). Red blood cellswerelysed by incubating the splenocyte
preparations with lysis buffer (0.15 mol/L NH,CI, 10 mmol/L
KHCO,, 0.1 mmol/L EDTA, pH7.2-7.4) briefly and then washed
with grinding media. The cells were resuspended in a small
volume of grinding mediaand counted in the presence of Trypan
blue. Splenocyteswereimmediately used for further experiments.

Assay for HCV antigen specific splenocyte proliferation
Splenocytes from vaccinated mice or naive mice were diluted
to 4x10%mL with grinding mediaand plated onto 24-well-plates
a 2 mL/well. The cellswerein vitro stimulated with 500 ng E2
(aa 450 to 565°1) or mock stimulated for 3 d. The mediawere
collected for cytokine assay. Fresh grinding medium with
0.5 uCi/mL [3H] thymidine (Amersham PharmaciaBiotech) was
added for another 24 h. Cells were then washed with PBS and
100 g/L trichloroacetic acid (TCA), incubated with 100 g/L TCA
for 10 min at 37 °C. Afterwards, TCA was removed and cells
were lysed with lysis buffer containing 0.33 mol/L NaOH and
10g/L sodium dodecyl sulfate(SDS). [*H] thymidineincorporation
inthe cell lysateswas measured by liquid scintillation counting.
Antigen specific proliferation was presented by stimulation
index (Sl): SI = cpm of the cells stimulated by antigen/cpm of
mock stimulated cells. Splenocytes from naive mice were used
to monitor the specificity of this assay.

Analysis of HCV antigen specific cytokine secretion

Mediafrom thein vitro stimulated splenocytes were collected
and precleared by centrifugation at 10000 g and 4 °C for 10 min.
Concentration of INF-y and IL-4 inthe mediawas determined by
ELISA using the mouse cytokine assay kits (Jingmei Biotech,
Shenzhen) according to the protocols provided by the
manufacturer. HCV E2 specific cytokine secretion wasrepresented
by stimulation index (Sl): Sl = cytokine secreted upon E2
stimulation/cytokine secreted upon mock stimulation. Splenocytes
from naive mice were used to monitor the specificity of thisassay.

Statistical analysis
Statistical analysiswas performed with unpaired 2-sided Student
t tet. Differenceswith P val ues <0.05 were cons dered significant.

RESULTS

Transient expression of HCV antigens in mammalian cells

Because the expression level was low when E1 and E2 were
expressed in one open reading frame (data not shown), we
expressed HCV E1 and E2 genesin separate plasmidsin this
study. To achieve high-level expression and proper post-
translational modification of HCV envelope proteins, the
pSecTagB vector with an efficient secretion signal of 1gG
molecules was chosen. Plasmid expressing HCV E2 was
constructed as described in Materials and Methods. C-terminal
hydrophobic sequence of E2 was truncated to facilitate the
secretion of E2 and to obtain complex-type glycosylation
modification, which was presented on the surface of HCV
particles®!, Secreted E2 protein was shown to have better
antigenicity, possibly dueto its proper modification by Golgi
enzymes®®. Plasmid pSecTagB/sE1 was taken as another
component of the candidate DNA vaccine since high-level
expression of E1 with this plasmid was observed previously in
transiently and stably transfected NIH3T3 cells?®. Before
vaccination experiment, BHK-21 cells were transfected with
pSecTagB/sE1 and pSecTagB/sE2, respectively, to check if they
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would properly expressthetarget HCV proteinsinthiscell line.
By Western blot, both E1 and E2 were detected as glycosylated
proteinswith MW higher than those of polypeptide backbones,
respectively (Figure 1). Secreted products were also detected
for E11% and E2 (data not shown).
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Figure 1 Transient expression with plasmids used in vaccination.
Plasmids used for transfection are indicated at the top of each
lanes. E1 and E2 products are indicated by arrowheads.

Humoral immune responses after DNA vaccination

DNA vaccination using the above characterized plasmids was
carried out as described in Materials and Methods. After two
injections, HCV E1 and E2 specific antibodieswere detected inthe
seraof severd mice. Without CpG adjuvant, the seroconversion
rate was 2/5 for anti-E1 antibody, and 1/5 for anti-E2 antibody.
When CpG was included as an adjuvant, the seroconversion
rate was 3/4 for anti-E1 antibody and 2/4 for anti-E2 antibody.
After the third injection, all animals became seroconverted to
both anti-E1 and anti-E2 antibodies. The highest anti-E1 titer
was 1:320 after the third injection for mice receiving plasmids
only, while the highest titer for mice receiving plasmids with
CpG was 80. The highest anti-E2 titersfor both groups reached
1280, but the average anti-E2 titer for micereceiving CpG was
dightly lower than that for those receiving no CpG (Table 1).

E2 specific splenocyte proliferation

All the animals were sacrificed 30 d after the last injection to
anayze cellular immuneresponses of thememory phase. Single-
cell suspension of splenocyteswas prepared for each individual
animal. Splenocyteswereimmediately cultured in the presence
of HCV E1 peptide or E2 protein. [*H] thymidine wasthen added
to the cells to measure HCV antigen specific proliferation. In
our experiments, HCV E1 specific proliferation wasnot observed,
neither was E1 specific cytokine secretion (data not shown),
possibly duetoinsufficient stimulation. For E2 specific splenocyte
proliferation, as shown in Figure 2, animals vaccinated with
pSecTagB only or pSecTagB plus CpG had stimulation indexes
dmilar to that of naive mice. Some of the animalsvaccinated with

Table 1 Anti-HCYV titers! after the third injection

plasmids pSecTagB/sE1+pSecTagB/sE2 showed E2 specific
splenocyte proliferation while the others did not. This gave an
average Sl dslightly higher than that of pSecTagB vaccinated
mice. Animals vaccinated with HCV gene encoding plasmids
together with CpG dl showed E2 pecific splenocyte proliferation,
whichresultedin asignificant difference (P =0.005) of Sl between
animalsinjected with pSecTagB/sE1+pSecTagB/sE2+CpG and
animalsinjected with pSecTagB+CpG.

2.47  E2 specific splenocyte proliferation
o 1.3889 1.7378
2= 1.2316
- 1.2252 1.1459
2 1.2
©
£
5 0.6
(9]

0.0 \ \ I \ \ \ 1

g’&\\‘ x X(,QG

Figure 2 E2-specific splenocyte proliferation. Error bars rep-
resent the standard errors. Asterisk indicates the significant
difference of the average Sl between animals injected with
(pSecTagB/sE1l+pSecTagB/sE2+CpG) and animals injected with
(pSecTagB+CpG) (P = 0.005).

E2 specific cytokine secretion

Cellular immune responses were a so evaluated by cytokine
secretion assay of the in vitro stimulated splenocytes from all
vaccinated animals. INF-y secretion is a marker of Thl type
antigen-specific cellular immune responses and plays key roles
in fighting virus infection. Mice injected with pSecTagB/
sE1+pSecTagB/sE2 showed heterogeneous cellular immune
responses, some had E2 stimulated INF-y secretion, while the
rest did not. This resulted in a slightly higher average of Sl
compared to the control group injected with pSecTagB (Figure 3A).
Mice injected with pSecTagB/sE1+pSecTagB/sE2+CpG all
showed highly E2-specific INF-y secretion, showing aS! higher
than 3, while the control group injected with pSecTagB+CpG
had an average S| similar to those of naive miceand miceinjected
with pSecTagB alone. The difference of SI between the
experiment group and its control group was very significant
(P=0.0003).

IL-4 secretion is a marker of Th2-like cellular immune
responses. No significant difference in IL-4 secretion was
detected between all groups receiving different inoculums
(Figure 3B). IL-4 secretion of the vaccinated anima swassimilar
to that of naive mice, indicating that Th2-like cellular immune
responsewas decreased to basdl levd, if therewas ever aTh2-like
response. Intermsof 1L-4 secretion, no effect of CpG was detected.

Anti-E1 titers

Vaccine

1 2 3 4 5
pSecTagB/sE1+pSecTagB/sE2? 320 40 Dead animal 320 320
pSecTagB/sE1l+pSecTagB/sE2+CpG?® 80 80 Dead animal 80 80

Anti-E2 titers

1 2 3 4 5
pSecTagB/sE1+pSecTagB/sE2? 160 160 Dead animal 1280 1280
pSecTagB/sE1+pSecTagB/sE2+CpG?® 160 160 Dead animal 160 1280

Titers were determined as described in Materials and Methods. Serial dilution of anti-sera started from 1:40, thus titers lower than
40 were not determined and considered 0. The cutoff value was established as mean A of sera from the control mice vaccinated with
pSecTagB. *The cutoff value was established as mean A of sera from the control mice vaccinated with pSecTagB+CpG.
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Figure 3 E2-specific cytokine secretion. Error bars represent
the standard errors. Asterisk indicates the very significant
difference of the average Sl between animals injected with
(pSecTagB/sE1+pSecTagB/sE2+CpG) and animals injected
with (pSecTagB+CpG) in terms of INF-y secretion (P = 0.0003).

DISCUSSION

Inthis study, target HCV antigens encoded by the DNA vaccine
candidate, E1 and E2, were ddlivered by two separate plasmids
that achieved higher-level expression and appropriate
glycosylation of both antigens. DNA immunization results
demonstrated that this DNA vaccine candidate could induce
HCV specific humoral and cellular immune responsesin mice.
Anti-E2 titer obtained in this study was similar to our previous
study!*Y, which was also comparable to the results from other
|aboratoried®*!, We al so detected comparable levels of anti-E1
antibodies in the sera of vaccinated mice, which together with
anti-E2 antibodies, might be important in neutralizing the
circulating HCV virus and preventing its spread in patients. HCV
antigen specific splenocyte proliferation indicated that our
candidate DNA vaccine was able to induce cellular immune
response, whichwascritical invira clearance. Cytokine secretion
analysisrevealed that the cellular immune responseis Thl type,
which could activate CTL to remove cells with HCV antigen
expression. Studies of HCV patients showed that protection
against HCV infection was positively correlated with cellular
immune responses®¢7, indicating that cellular immune
responses might be more important in evaluating a candidate
vaccine. Theability of our candidatevaccinetoinduce HCV specific
cellular immune responses makes it a favorable choice in the
development of prophylactic and therapeutic vaccineagainst HCV .

CpG moatif, that is, CpG dinuclectidein particular base context
(XCGY, where X isany basebut C, and Y isany base but G),
was first found to be immunoactive in activating B cellg®,
These CpG motifs are prevalent in bacterial and many viral
DNAs but are heavily methylated and suppressed in vertebrate
genomes*, Recent studies have shown that the immune

system could respond to CpG motifs by activating potent Thl-
like immune responses®!. Several reports demonstrated that
CpG could enhance humoral immuneresponseselicited by DNA
vaccination'® 2, possibly due to indirect effect of enhanced
cellular immune responses. In our vaccination experiment, we
observed that after the second injection, the seroconversion
rate for mice receiving CpG adjuvant was higher than that for
those not receiving CpG. This enhanced humoral immune
response at the early stagewaslikely dueto theindirect positive
effect of CpG on antigen presentation (viaactivation of antigen
presenting cells by Th1). However, after the third injection,
when all animals became seroconverted, those who received
CpG as an adjuvant showed lower titers of both anti-E1 and
anti-E2. This was consistent with the notion that when Th1l-
like responseisthe major immune response, Th2-like response
isusually inhibited, followed by decreased antibody production.
Further analysis of antigen specific cytokine secretion was
consistent with this explanation. E2 specific INF-y secretion
was enhanced in splenocytes from those animals receiving
CpG in vaccination, while this adjuvant did not change the E2
specific IL-4 secretion profile. These resultsindicated that CpG
enhanced the Thl-like cellular immune response.

Apart from DNA vaccine, live virus vaccine and peptide
vaccine are also efficient ininducing cellular immune response.
Live virus vaccine using several different viral vectors has
been under investigation®24% with continuous promising
progresses. However, the interest in peptide vaccine is
diminishing. The problem lies in the polymorphism of MHC
moleculesin the population. Certain individuals may have the
MHC molecules necessary to bind a specific antigenic peptide,
while others may not. Thus, the universality of avaccine based
on aspecific peptide becomes aconcern. Recently, combinational
vaccination strategy with different species of vaccine components
has been successful in laboratory in protecting against some
elusive infectious reagents“#2, Combinational vaccination
could reduce host immune responses against the viral vector
itsdlf, thusenhancing the efficiency of ddlivery. Moreimportantly,
combinational vaccination with different components could
activate different components of the host immune surveillance
system and result in enhanced immune responses. Our next
effort will befocused on combinational vaccination with DNA
vaccine descried above as one component.
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Abstract

AIM: Helicobacter pylori( H pylori) has been linked to chronic
gastritis, peptic ulcer, gastric cancer and MALT-lymphoma.
The link of genotypes of H pylorito gastric cancer remains
controversial. The aim of this study was to investigate the
H pylori vacA alleles, cagA and iceA in patients with gastric
cancer in Taiwan.

METHODS: Patients with gastric cancer, peptic ulcer and
chronic gastritis were enrolled in this study. We obtained
biopsy specimens from the stomach at least 2 cm away
from the tumor margin in patients with gastric cancer, and
from the antrum of stomach in patients with peptic ulcer
or chronic gastritis. DNA extraction and polymerase chain
reaction were used to detect the presence or absence of
cagA and to assess the polymorphism of vacA4 and JiceA.

RESULTS: A total of 168 patients (gastric ulcer: 77, duodenal
ulcer: 66, and chronic gastritis: 25) were found to have
positive PCR results of the biopsy specimens from patients
with peptic ulcer and chronic gastritis. We found positive
cagA (139/168, 83%), m2 (84/168, 50%) and iceA1 (125/168,
74%) strains in the majority of patients. In patients with
gastric cancer, the vacA sla and slc subtypes were less
commonly found than those in non-cancer patients (35/66 vs
127/168, P=0.0001 for sla and 13/66 vs93/168, £<0.0001
for sic). In the middle region, the m1T strain in patients
with gastric cancer was more than that of hon-cancer patients
(23/66 vs33/168, P = 0.02).

CONCLUSION: In Taiwan, H pylori with positive vacA sla,
cagA and iceAl strains are found in the majority of patients
with gastric cancer or non-cancer patients. In patients with
gastric cancer, the vacA sla and slc subtypes are less
and m1T is more than in patients with peptic ulcer and
chronic gastritis.

Lin HJ, Perng CL, Lo WC, Wu CW, Tseng GY, Li AFY, Sun IC,

Ou YH. Helicobacter pylori cagA, iceA and vacA genotypes in
patients with gastric cancer in Taiwan. World J Gastroenterol/
2004; 10(17): 2493-2497
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INTRODUCTION

Helicobacter pylori (H pylori) isone of themost common bacteria
infections of humang?¥. It has been closely linked to chronic
gastritis, peptic ulcer, gastric cancer and MALT-lymphomal?3. It
has heterogeneous genotypes and phenotyped*®l.

The International Agency for Research on Cancer of the
World Health Organization recommends that H pylori be
classified asagroup | carcinogen [, In along-term follow-up
study, gastric cancers developed in 36 (2.9%) of the 1 246
infected and none of the 280 uninfected patients (P<0.001)1".
Enomoto et al. and Uemura et al. also confirmed that very few
patientswho had gastric cancer were not infected with H pyloril™8,

The clinical outcome of H pylori infection was supposed to
be linked to certain strains, e.g. vacuolating cytotoxin (vacA)
and the cytotoxin-associated gene (cagA)!®'%. However,
controversy exists concerning the relationship between
H pylori and gastric cancer. It isnow evident that approximately
25-50% of the world' s population isinfected by H pylori. Why,
then, did only a minority of them develop gastric cancer? A
report of an epidemiological study in Africa suggested that
H pylori infection did not always directly correlate with the
risk for gastric cancer™™. The same phenomenon occurred in
southern Asid*. The prevalence of H pylori ishighin India
and Bangladesh, but low gastric cancer rates have been
reported. In addition, Louw et al did not find differencein the
prevalence of H pylori infection when comparing gastric cancer
cases with matched control*¥.

How could the above phenomenon be explained? Although
H pylori infectionisvery common, thereisgeographic distribution
of different subtypes*¥. Isit possible that different subtypes of
H pylori cause different outcomes? In Taiwan, specific genotypes
of H pylori have been found in patients with peptic ulcer or non-
ulcer dyspepsia®>*®. Thereisno report concerning the genotype
of gastric cancer in Taiwan so far. The aim of this study wasto
determine the vacA, cagA, and iceA genotypes of H pylori in
patients with gastric cancer as compared with those in patients
with peptic ulcer or chronic gastritisin Taiwan.

MATERIALS AND METHODS

Patients with gastric cancer, peptic ulcers (gastric ulcer or
duodenal ulcer, at least 5 mm in diameter) or chronic gastritis
were invited to enter the study. Patients with pregnancy,
bleeding tendency (platelet count less than 50 000/mm?,
prothrombin time less than 30%, or taking anti-coagulants),
age under 10, or over 90 years, and inability to cooperate were
excluded from the study. The study was approved by the Clinical
Research Committee of the Veterans General Hospital, Taipei.
Endoscopic examination and biopsy were performed after
informed consent was obtained. In patients with peptic ulcer or
chronic gastritis, we took one specimen from the antrum of
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each patient for rapid ureasetest, one specimen from the gastric
antrum for DNA extraction and PCR assay. In patients with
gastric cancer, we took two specimens from the stomach at
least 2 cm from the cancer part for rapid urease test and DNA
extraction and PCR assay. Lysates of gastric mucosa biopsy
specimenswere used for PCR. DNA of gastric biopsy specimens
was extracted according to the method described by Boom(*”.
Briefly, biopsy specimens were homogenized in guanidinium
isothiocyanate, using asterile micropestle. DNA was extracted,
washed and eluted in 100 pL of 10 mnol/L TrissHCL (pH 8.3).
Twomicrolitersof theeluted DNA wereused for each PCR reaction.

All pathological samplesfrom patients with gastric cancer
were evaluated by a single experienced pathologist, and
classifiedin accordance with the Lauren classification asdiffuse,
intestinal or mixed types*®. The description of advanced gastric
cancer washasaed on Borrmann’ sdlassifi cation™. Themorphol ogica
subtypes of early gastric cancer were classified according to
the guidelines of Japanese Endoscopy Society!®.

Oligonucleotide primers for PCR amplification of specific
segments are shown in Table 152422, For vacA evaluation, the
PCR program comprised 35 cycles of denaturation (at 94 °C for
1 min), annealing (at 56 °C for 2 min, extension at 72 °C for
1 min), and onefina extension (at 72 °C for 10 min). For cagA,
amplification was performed with 35 cycles of denaturation (at
94 °Cfor 1 min, annealing at 56 °C for 2 min, extensionat 72 °C
for 1 min), and onefinal extension (at 72 °C for 5 min). For iceA
amplification, amplifications were performed with 40 cycles of
denaturation (at 95 °C for 30 s), annealing (at 50 °C for 45 s),
extension (at 72 °Cfor 45 s) and onefina extension (at 72 °Cfor
10 min).

The association between H pylori genotypes and clinical
diseases was determined using the chi-square test with Yates
correction or Fisher’s exact test when appropriate. A P value
less than 0.05 was considered statistically significant.

RESULTS

Patients with peptic ulcer and chronic gastritis

Between January 2002 and Feburary 2003, atotal of 278 patients
with peptic ulcer or chronic gastritiswereincluded in this study.
There were 200 males and 78 females with amean age of 62.1
years, 95% C.1.: 61.1-64.3 years. One hundred and forty patients
had gastric ulcers, 101 patients had duodenal ulcers, 37 patients

had chronic gastritis. Among these patients, 168 patients (65.9%)
(comprising 25 patients with chronic gastritis, 77 patientswith
gastric ulcer, and 66 patients with duodenal ulcer) were found
to have positive PCR (Table 2). Of them, the urease test was
found to be positive in 152 patients (90.5%). There was no
significant differencein age of the patientswith chronic gastritis
(mean: 51years, 95% Cl : 42.8-59.2 years), gadtric ulcer (65.3 years,
62.3-68.9), duodenal ulcer (58.9 years, 54.7-63.1) and gastric
cancer (69 years, 67-91).

In the s-region, vacA slawas most frequently found (76%,
127/168, P<0.001 vsslb, s1c and s2) followed by slc (93/168,
55%), s1b (9/168, 5%), and 2 (2/168, 1%) (Table 3). Inthem-
region, m2 wasmost frequently found (84/168, 50%) (P <0.0001
vsm1T and m1), followed by m1T (33/168, 20%) and m1 (2/168,
2%). CagA was found in 139 patients (83%). IceAl was found
most commonly incomparisonwithice A2 (125vs 29, P <0.0001).

Patients with gastric cancer

A total of 167 patientswith gastric cancerswere enrolled in this
study (mean age: 69 y/o, 95% Cl: 67.0-91.0, sex M/F: 130/37).
We obtained specimens through endoscopic biopsy from 66
patients and surgery from 101 patients. After PCR assessment
of gastric specimens, atotal of 66 patients (39.5%) were found
to be positive (24 patients from endoscopic biopsy and 42
patients from surgical specimens) (Table 3). We found early
gastric cancer in seven patients (type lic: 2, llc+l1l: 5) and
advanced gastric cancer in 59 patients (Borrmann typel: 7, 1:
28,111: 14, 1V: 10) (Table 4).

Among these patients, 35 (53%) were found to have vacA
sla(P<0.001 vsslc, slb, and s2), followed by slc (13 patients,
20%) (P<0.001 vs slb and s2) and slb (1 patient, 2%), s2 (1
patient, 2%) ( Table 3). Inthem-region, m2 wasmost commonly
found (32 patients, 48%) (P<0.0001 vsm1) followed by m1T (23
patients, 35%) and m1 (1 patient, 2%). In the iceA subtypes,
iceAl was most commonly found (39 patients, 59%) followed
by ice A2 (15 patients, 23%) (P<0.0001). CagA was found in
76% (50/66) of the patients.

The genotypes between early gastric cancer and advanced
gastric cancer weresimilar (Table4). Therewas no difference of
genotypes according to Borrmann's classification (Table 5).
Regarding the histological classification, therewas no difference
of genotypes among the diffuse type, intestinal type and mixed
types (Table 6).

Table 1 Oligonucleotide primers used for cagA, vacA and iceA genotyping

Region detected  Primer designation Primer sequence Size of PCR product (bp) References

sl and s2 VAL-F 5’ATGGAAATACAACAAACACACCY3 259/286 14
VA1-R 5'CTGCTTGAATGCGCCAAACTTTATC3’

sla SS1-F 5’"GTCAGCATCACACCGCAACY3 190 20

slb SS3-F 5’AGCGCCATACCGCAAGAG3’ 187 20

slc S1C-F 5'CTYGCTTTAGTRGGGYTA3’ 213 26

M1 VA3-F 5’GGTCAAAATGCGGTCATGG3’ 290 20
VA3-R 5'"CCATTGGTACCTGTAGAAACY

M1T miT-F 5'GGTCAAAATGCGGTCATGG3’ 290 14
miT-R 5’"CTCTTAGTGCCTAAAGAAACA3Z’

M2 VA4-F 5"GGAGCCCCAGGAAACATTGY3 352 20
VA4-R 5'CATAACTAGCGCCTTGCAC3’

iceAl iceAlF 5’GTGTTTTTAACCAAAGTATC3 247 21
iceA1R 5'CTATAGCCASTYTCTTTGCA3’

iceA2 iceA2F 5’GTTGGGTATATCACAATTTAT3’ 229 21
iceA2R 5TTRCCCTATTTTCTAGTAGGT3’

IcagA lcagADO008 5’ATAATGCTAAATTAGACAACTTGAGCGA3’ 297 8

IcagAR008

5’TTAGAATAATCAACAAACATCACGCCAT3
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Table 2 Genotypes of H pylori in patients with non-gastric cancer (chronic gastritis, gastric ulcer and duodenal ulcer) (%)

No of
Patients

slb s2 slb sla+ ml1 miT

+s2 slb+slc

slas
+slb

sla
+slc

Diagnosis sla slc mlT

+m2

m2 iceAl iceA2 iceAl

+iceA2

cagA

Chronic gastritis 25 21 (84) 0(0) 14 (56) 0 (0) 11 (44) 0(0) 0 (0)
Gastriticulcer 77 59 (77) 1 (1) 42 (55) 0(0) 36 (47) 0(0) 0 (0)
Duodenal ulcer 66 47 (71) 8 (12) 37 (56) 2 (3) 30 (45) 7 (11) 2 (3)

0(0) 0(0) 8(32) 12 (48) 2(8) 22(88) 22(88) 2(8) 0(0)
0(0) 0(0) 11 (14) 45 (58) 1 (1) 63 (82) 54 (70) 17 (22) 3 (4)
4(6) 2 (3) 14 (21) 27 (41) 7 (11) 54 (82) 49 (74) 10 (15) 3 (5)

P>0.05 for all genotypes among three groups.

Table 3 Genotypes of H pylori in patients with gastric cancer (GC) and non-gastric cancer (non-GC) (%)

Diagnosis No of sla slb  slc s2 slat+slc sla+ sla+ ml miT m2 mlT  cagA iceAl iceA2  iceAl

Patients slb+s2 slb+slc +m2 +iceA2
GC 66 35°(53) 1(2) 13'(20) 1(2) 7(11) 1(2) 0(0) 1(2) 233(35) 32"(48) 4(6) 50(76) 397(59) 15(23) 2(3)
Non-GC 168 1279 (76) 9 (5) 93'(55) 2 (1) 77 (46) 2(2) 4(2) 2(2) 33*(20) 84(50) 10 (6) 139 (83) 1257(74) 29 (17) 6 (4)

5P<0.001 vs slb, sic and s2 of non-GC, 9P<0.0001 vs m1T, m1 of non-GC, 1P<0.0001 vs ice A2 of non-GC, "P<0.001 vs sic, s1b and s2 of GC,
1P<0.0001 vs m1 of GC, 'P<0.0001, 2P = 0.02.

Table 4 Genotypes of H pylori in patients with early or advanced gastric cancer (%)

Diagnosis No of sla slb slc s2 slatslc slat ml miT m2 mlT+m2 cagA iceAl  iceA2 iceAl
Patients slb+s2 +iceA2
EGC 7 4(57) 0(0) 2(29) 0(©) 1(14) 0() 0() 1(14) 3(43) 0(0) 6(86) 4(57) 1(4) 0(0)
AGC 59 31(53) 1(2) 11(19) 1(2) 6(10) 1(2) 1(2) 22(37) 29(49) 4(7) 44(75) 35(59) 14(24) 2(3)
Table 5 Genotypes of H pylori in patients with advanced gastric cancer according to Borrmann’s classification (%)
Diagnosis No of sla  slb slc s2 slatslc sla+ ml miT m2  mlT+m2 cagA iceAl  iceA2 iceAl
Patients slb+s2 +iceA2
I 7 4(7) 0() 229 0() 1(14) 0() 0@ 5(71) 1(14) 0() 5(71) 5(71) 1(14) 0(0)
" 28 15(54) 1(4) 3(11) 1(4) 3(11) 1(4) 1(4) 8(29) 13(46) 1(4) 20(71) 17(61) 6(21) 1(4)
" 13 6(46) 0() 5(38) 0() 2(15 0() O0() 3(3) 8(2) 1(8) 11(85) 8(62) 3(23) 0(0)
v 10 5(0) 0() 1(10) 0(0) 0(0) 0(00) 0() 5(0) 7(70) 2(20) 8(80) 5(50) 4 (40) 1 (10)
Table 6 Genotypes of H pylori in patients with gastric cancer according to histological classification. (%)
Diagnosis No of sla slb slc s2  slatslc slat ml mlT m2 mlT+m2 cagA iceAl  iceA2 iceAl
Patients slb+s2 +iceA2
Intestinal 28 15(54) 0(0) 5(18) 0(0) 3(5) 0() 0() 75 16(57) 2(7) 21(75) 16(57) 8(29) 1(4)
Diffuse 24 12(50) 1(4) 4(7) 1(4) 2(@) 1(4) 00 9(388) 10(42) 1(4) 18(75) 15(83) 4(17) 1(4)
mixed 11 5@5) 0() 3(7) 0() 1(9 00 1(9) 5@5 55 1(9 9(82) 6(5) 3(27) 0(0)

Comparison of gastric cancer patient with non-cancer (peptic
ulcer and chronic gastritis) patients

In patients with gastric cancer, the vacA sla and slc subtypes
were less commonly found than those in non-cancer patients
(35/66Vvs127/168, P<0.001 for slaand 13/66 vs93/168, P<0.0001
for sic) (Table 3). Inthe middleregion, them1T in patientswith
gastric cancer was more than that in non-cancer patients (23/66
vs 33/168, P = 0.02). There was no differencein iceA and cagA
between patients with gastric cancer and non-cancer status.

DISCUSSION

Thisisthe first sudy to investigate the allelic variations of
H pylori vacA, cagA and iceAl in gastric cancer patientsin
Taiwan. Theresults showed vacA sla, m2, and iceAl predominated
in patients with gastric cancer and those without.

H pylori has become aworld-wide infective agent ranging
from 25% in developed countries to more than 80% in the
developing world®. Not all individualsinfected with H pylori
developed gastric illness and this might be related to various
factors such as environmental factors, host genetic factors,
and bacterial virulent ability!®. Certain genotypes (e.g. cagA,

vacA sla) have been closely related to severe clinical outcome
and response to anti- H pylori therapy!?>?. However, these
findings were not supported by other studies?”.

Different genotypes of H pylori have been confirmed in
patients with peptic ulcer or non-ulcer dyspepsiafrom diverse
geographic aread**#1, For example, in Northern and Eastern
Europe, 89% strains were vacA sla. VacA sla and slb were
equaly present in France and Italy. In Spain and Portugal, 89%
of the strains were vacA slb. Whilein north America, slaand
slb were equally prevalent. VacA slc was only found in East
Asda. In Taiwan, H pylori with vacA slawasthe major strain*>19,
Because of thisdiversity, it isinteresting to analyze the genotypes
in different areas.

Inthisstudy, predominance of vacA slawasfoundin patients
with gastric cancer (53%) and non-cancer status (76%). Our
findings were similar to those reported by other authorsin
patients with peptic ulcer or non-ulcer dyspepsia®>*®. In Hong
Kong and Korea, alow incidence of vacA sla subtype was
foundi??¥, The previous Taiwan reports gave no data concerning
vacA s1c!5%, VacA slc was frequently found (20% in gastric
cancer and 55% in non-cancer) in this study. In contrast, vacA
slb and s2 wererare. Our findings were compatible with those
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in mainland China®. A high incidence of vacA slc in this
study was similar to the reports of Hong Kong®®, Kored?!, and
Japan®Y, but different from those of the Western worldi*4,

Concerning the m-region of vacA, m1 strains predominated
inmost Western reportg4#, However, therewerefew ml subtypes
(2% in cancer and 2% in non-cancer) in this study. We used a
modified primer (m1T)™® and found that some patients (35%in
gastric cancer, 20% in non-cancer) with H pylori infection
contained this genotype. M2 strains predominated (48% in
gastric cancer and 50% in non-cancer) in thisstudy. Our findings
were consistent with reports from our previous experience®2,
other studies in Taiwan!*>¥, Hong Kong!?®, and mainland
Chind®. In contrast, Japan and K oreahad amuch lower incidence
of m2 strain??, We could not detect the m-region in some
patients (15% in gastric cancer and 28% in non-cancer). This
indicates a great variation in the vacA region in Taiwan,
particularly inthemid-regionlocus. H pylori may haveadifferent
geographic evolution in Taiwan even compared with other East
Asian countries.

IceAl has been suggested to be related to peptic ulcer
diseasgd?*, But, like other authors, we doubted thisfinding?2%2,
It has been found that IceAl is the predominant subtype of ice
inthe East Asia, whileiceA2 isthe predominant subtypeinthe
USA and Columbia?. In this study, we found iceAl was the
predominant subtype and showed no difference in patients
with gastric cancer and non-cancer status.

Theclinical relevance of putative virulence-associated genes
of H pylori in patientswith gastric cancer isamétter of controversy.
Enomoto et al. found that 98% of patientswith gastric cancer were
H pylori-positive™. Many studies suggested the strong association
of certain genotypes of H pylori with gastric cancer®-%. A
significant association (0.r. 2.94) between cagA and gastric
cancer was found in young Italian patients®). Miehlke et al.
suggested a significant association between the H pylori vacA
s1, m1, cagA and gastric cancer™. Kidd et al. confirmed that the
vacA slb, m1 and iceAl were closely linked to gastric cancer in
South Africa®, van Doorn et al. found asignificant association
between the presence of ulcersor gastric cancer and the presence
of vacA sl and cagAP®". Basso et al and Qiao et al. also concluded
that H pylori infection caused by cagA positive/vacA sl was a
frequent finding in patients with gastric cancert®,

However, some authors have presented different observations.
Mitchell et al. compared serum antibody to cagA antigen in
patients with gastric cancer and normal subjects*®. They found
no association between cagA and gastric cancer in Chinese
subjects. Other authors also confirmed no relationship between
cagA status and the risk of gastric cancer*Y. Some Japanese
studies did not support the link of vacA and cagA with gastric
cancerl“24, n these Japanese studies, the majority of the
controls had positive vacA and cagA. Therefore, they obtained
adifferent result as compared with those of the Western studies.
In addition, the case number was small in their series. Increased
number is needed to avoid bias. In this study, we found no
differencein cagA between gastric cancer and non-cancer status.
But, wefound lessvacA sla, slc and more m1T in patientswith
gastric cancer.

Thereisapaucity of iceA dleledatain isolates from patients
with gastric cancer. Gastric cancer isolatesfrom Japan and Korea
were distinguished by the prevalence of iceAl (67%) while
75% of isolates from the USA were iceA2?, |n this study, we
found that iceA 1 predominated (59%) in patients with gastric
cancer.

Patients with histologic findings of severe gastric atrophy,
corpus-predominant gastritis or intestinal metaplasiaare at an
increased risk for gastric cancer. H pylori carrying the cagA
gene might have promoted the atrophic metaplastic mucosal
lesions that represent the pathway in multistep intestinal type
gastric oncogenesig®*l, Correaet al. and Uremuraet al. found

that severe atrophic gastritis accompanying intestind metaplasia
caused by persistent H pylori infection was closely related to
the devel opment of intestinal type gastric cancer®*l. But, some
authors present different results. No significant relationship
was found between H pylori and diffuse type gastric cancer
because atrophic change was not evident in these patientd“647,
In addition, other authors did not support this finding due to
epidemiological and pathological evidencd®“9, In this study,
we found no differencein genotypes among diffuse, intestinal
and mixed types of gastric cancer. In addition, there was no
difference of genotypes in patients with early and advanced
gastric cancer. However, the case number should be increased
to avoid type Il error.

Inconclusion, vacA sla, m2, andiceAl predominatein patients
with gastric cancer. As compared with those of non-cancer
patients, patients with gastric cancer have less vacA sla, slc
and more m1T subtypes. Genotypes are similar according to
morphological and pathological classification.
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Abstract

AIM: To construct a non-resistant and attenuated Salmonella
typhimurium (S. typhimurium) strain which expresses
conservative region of adhesion AB of Helicobacter pylori
(H pylori) and evaluate its immunogenicity.

METHODS: The AB gene amplified by PCR was inserted
into the expression vector pYA248 containing asd gene
and through two transformations introduced into the delta
Oya, delta Grp, delta Asd attenuated Salmonella typhimurium
strain, constructing balanced lethal attenuated Salmonella
typhimurium strains X4072 (pYA248-AB). Bridged ELISA
method was used to measure the expression of AB antigen
in sonicate and culture supernatant. According to the method
described by Meacock, stability of the recombinant was
evaluated. Semi-lethal capacity test was used to evaluate the
safety of recombinant. The immunogenicity of recombinant
was evaluated with animal experiments.

RESULTS: The attenuated S. typhimurium X4072 (pYA248-
AB) which expresses AB was successfully constructed.
Furthermore, bridged ELISA assay showed that the content
of AB in recombinant X4072 (pYA248- AB) culture supernatant
was higher than that was in thallus lytic liquor. And after
recombinant X4072 (pYA248- AB) was cultured for 100
generations without selection pressure, the entire recombinant
bacteria selected randomly could grow, and the AB antigen
was defected positive by ELISA. The growth curve of the
recombinant bacteria showed that the growth states of
X4072 (pYA248) and X4072 (pYA248-AB) were basically
consistent. The survival rate of C57BL/6 was still 100%, at
30 d after mice taking X4072 (pYA248-AB) 1.0x10%* cfu
orally. Oral immunization of mice with X4072 (pYA248-AB)
induced a specific immune response.

CONCLUSION: In vitro recombinant plasmid appears to
be stable and experiments on animals showed that the
recombinant strains were safe and immunogenic /in vitro,
which providing a new live oral vaccine candidate for protection
and care of H pyloriinfection.
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INTRODUCTION

The discovery of Helicobacter pylori (H pylori) has brought
about a revolution in the research of etiological factor and
prevention and cure of chronic gastritis, peptic ulcer and the
associated diseases'?. It has been confirmed that H pylori is
the main cause of chronic gastritis and peptic ulcer, and an
important factor for the infection of gastric cancer and mucosa-
associated lymphoid tissue (MALT) lymphoma and primary
gastric non-Hodgkin's lymphoma®?. In 1994, the World Health
Organization has defined it as a class 1 carcinogen, and direct
evidence of its carcinogenesis has recently been demonstrated
in an animal model and aretrospective cohort study and nested
case-control study in China®9. Data of epidemiology showed
that 50 percent of the population all over the world isinfected
with H pylori, and Chinahasahigh infection ratd’®. Based on it,
eradication of H pylori isoneof themain methodsfor preventing
and treating the above-mentioned diseases. At present, the
widely used method for eradication of H pylori in clinica practice
isthe antibiotic treatment, though high the eradication rateis,
such problems as high expenses, yearly reduced eradication rate
resulting from gradually increasing drug-resistant strains, side
effects of drugs and low patient compliance have still not been
solved™23, |mmunization against H pylori infection has been
one of the most prospective treatments. In view of the fact that
the conservative region of four confirmed adhesins is outer
membrane protein and porin type component, outer membrane
protein and porin are the excellent candidate components
vaccination™+, |n addition, the attenuated Salmondlatyphimurium
srain expressng foreign antigenisavery hopeful new-generation
of vaccine. Experimentson human body indicated that the attenuated
Salmonella typhimurium strain has very good endurence and
immunogenicity, which can be used to transmit foreign antigen,
therefore, the problem of adjuvant aswell asthe problem of high
cogt for taking subunit protein vaccineoraly aresolved. At present,
the research of attenuated Salmonella typhimurium strain in
application to H pylori vaccine has been done, but non-resistant
and attenuated Salmonella typhimurium strain containing the
balanced lethal system has not yet been applied to the research
and production of H pylori vaccine. We attempted to construct
the non-resistance and attenuated Salmonellatyphimurium strain
expressing AB, and to study itsbiological propertiesto pavethe
way for further research of biological treatment.

MATERIALS AND METHODS

Materials
The strains and plasmids used in the experimental processes
are showed in Table 1.
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Table 1 Strain (plasmid) and genotype

Strain (plasmid) Genotype Source

E coli X6097 Asd Dr. Roy Curtiss

Salmonella

typhimurium X3181 Wild strain Institute for the control of biological product, Ministry of Health
X3730 GalE", hsd-, asd Dr. Roy Curtiss
X4072 Cya, Crp, Asd Dr. Roy Curtiss

pPET-22b (+)-AB Amp', AB Construction in the previous research®?!, Dr. Roy Curtiss

pYA248 Asd* Construction in the research

pYA248-AB AB

Thirty specific-pathogen freemale C57BL/6 mice, aged 4 wk,
were purchased from Animal Center of our ingtitute. Restriction
enzymes, such as EcoR |, Sal | etc. and T4 DNA ligase, Vent
DNA polymeraseetc. werepurchased from New England Biolabs
corporation, Promega corporation and Sino-American HuaMei
Biotechnology Company, respectively. The goat anti-rabbit
1gG-HRP and IgA-HRP were purchased from Sino-American
HuaMei Biotechnology Company. Our institute provided anti-
AB antibody and AB antigen. DAP (50 mg/L) was purchased
from Sigma corporation. Other reagents were analytically pure
reagents produced in China.

Recombinant DNA techniques

The alkaline lysis method was chosen for rapid and large-scale
preparations of plasmid DNA as described previously?!. In
accordance with the the gene sequence in conservative region,

we designed specific primers and added appropriate restriction
enzymesitesonits5’ termini, whichwas synthesized by Shanghai

Boya Co. The sequencesof primerswereasfollows: conservetive
region1:5'-CCGGAATTCAACGCGCTCAACAAT CAG-3;

conservetiveregion 2, 5-CAC GTC GAC CTA GAA TGA ATA

CCCATA AG-3'. Conservativeregion 1 and conservativeregion
2 contained EcoR | and Sal | sites, respectively. The template
was pET-22b (+) -AB. PCR was performed by the hot start
method. The PCR condition wasthat after initial denaturing at
95°C for 30, each cycdleof amplification consisted of denaturation
at 95°Cfor 30s, annealing at 55 °C for 30 sand polymerization
at 72 °Cfor 30's, and afurther polymerization for 10 min after 35
amplication cycdes. PCR productswere separated by e ectrophoresis
analysisona8g/L agarosegel. The PCR product was harvested
from agarose gel, digested with EcoR | and Sal I, and inserted
into the EcoR | and Sal | restriction fragments of the expression
vector pYA248 using T4 DNA ligase. The resulting plasmids
pYA248-AB were transformed into E.coli X6097, Salmonella
typhimurium X 3730 and X4072 one by one and positive clone
was screened through assay of double restriction enzyme
digestion. DNA sequence was performed with the DNA
automatic sequencer.

Assay of AB protein expressed by recombiant strain
Recombinant strain Styphimurium X4072 ( pYA243-AB) cells,
after being inoculated in the culture medium of LB liquids, were
cultured with shaking at 37 °C for 15-16 h, and then centrifuged,
to collect thallus and supernatant. Thallus, after being washed
with saline once and centrifuged, suspended with deionized
water. The suspension was sonicated on ice for three min, and
centrifuged, to obtain the supernatant. Bridged ELISA was
used to measure the expression of AB artigen in sonicate and
culture supernatant.

Assay of stability of recombinant strain

The experiment testing stability of recombinant strain was
performed according to the method described by Meacock!,
Ten percent of thallus, incubated with shaking at 37 °C overnight,
wasinoculated in LB culture medium containing DAP and was

further cultured for 12 h, from which the another 10 percent was
inoculated in LB culture medium containing DAP and cultured
for another 12 h, which was continued in the same way for up
to 50 h. By thistime, recombinant X4072 (pYA248-AB) cells
had been cultured for 100 generations, and then it was diluted
to 10°%-fold. A total volume of 100 L of the diluted solution was
taken and paved on LB agar plate containing DAP. After being
cultured overnight, 100 singlethalluseswere randomly selected
and transferred on LB agar plate without containing DAP.
Bacteria could not grow on agar plate without containing DAP
liquids, means plasmid loss; through this method stability of
recombinant plasmid wasverified. Meanwhile, ELI SA wasused
to measure the expression of AB antigen in the culture
supernatant of these 100 thalluses.

Assay of growth curve of recombinant strain

Singleclone StyphimuriumX4072 (pYA248) and Styphimurium
X4072 (pYA248-AB) were selected and inoculated in culture
medium of LB liquid, respectively. After being cultured with
shaking at 37 °C for 10 h, 50 pL of it wasinoculated in 5 mL
culture medium of LB liquid, followed by culture with shaking
a 37 °C. Thevaue of Ay Was measured once every other hour,
from which growth curve was drawn.

Assay of immunology of recombinant strain

Three groups of 5 miceincluding controlswere used asfollows:
(1) PBS control group was non-immunized mice that received
PBS; (2)Salmonella control group was immunized with
attenuated S. typhimurium X4072 (pYA248) strain; (3) The
vaccine group was immunized with S. typhimurium X4072
(PYA248-AB) strain expressing AB. Prior toimmunizations the
mice were left overnight without solid food and 4 h without
water. A total volume of 100 pL of 30 g/L sodium bicarbonate
weregiven oraly usingastainlesssted catheter tubeto neutrdize
the stomach pH. Immediately after stomach neutrdization, mice
from PBS control group received 100 uL PBS, and micefromthe
Salmonella control group and Salmonella vaccine group,
received 1.0x10° colony forming units (c.f.u) of S. typhimurium
strain X4072 (pYA248) and S. typhimurium strain X4072
(PYA248-AB), respectively, in atotal volume of 100 pL. Water
and food were returned to the mice after immunization. At 4 wk
after immunization, mice were sacrificed by terminal cardiac
puncture under metoxyfluorance anesthesia and the small
intestinesweretaken from miceto prepareintestinefluid. Indirect
ELISA was used to evaluate serum samples and intestine fluid
frommicefor AB-specific 1gG or IgA. Purified H pylori AB was
used as the coating antigen in ELISA immunoassays.

RESULTS

Construction of recombinant plasmid containing asd gene and
encoding AB gene

The size of plasmid pYA 248 was 3.0 kb. Promotor was Ptrc and
multiclonal pointsincluded EcoR | Hind 11l and Sal | etc. and
pYA248 was digested with EcoR | and Sal 1, and large E-S
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sequences were recovered as vector. The same enzymes were
used to completely digest AB PCR product and mixed with
vector for connection after being recovered, and then transformed
into E. coli X6097 by the means of CaCL . Transformer could
grew on LB agar plate without containing DAP and further
extracted plasmid for verification. The results of double
restriction enzyme digestion of recombinant plasmid pYA248-
AB are showed in Figure 1.

1 2 3 45

bp
831
1375
1587
2027
4269
5148
21 227

Figure 1 Double restriction enzyme digestion map of recom-
binant plasmid PYA248-AB. Lanel: DNA marker; Lane2: PCR
product; lane3: pYA248/EcoRI; lane4: pY A248-AB/EcoRl; lane5:
pYA248-AB/EcoRI+Sall.

Construction of recombinant strain

Recombinant plasmid extracted from E.coli X6097 (pYA?243-
AB) wastransformed into Styphimurium X 3730 and X4072 by
thetransformation of eectricity oneby one. Owingtothedifference
between two kinds of Styphimurium, the best transformational
conditions were worked out. By adopting the first condition:
cuvettegap 0.2 cm, voltage2.5kV, field strength 12.5 E, capacitor
25 uF, resistor 200 Q, time constant 4.5-5.0 ms, recombinant
plasmid was transformed into S.typhimurium X3730 and then
separated from it. By adopting the second condition: cuvette
gap 0.2 cm, voltage 2.4 kV, field strength 12.0 E, capacitor 25 L,
resistor 400 Q, time constant 9-13 ms, recombinant plasmid was
transformed into S. typhimurium X4072, from which
recombinant strain Styphimurium X4072 (pYA248-AB) was
obtained.

Assay of AB protein expressed in recombinant strain

The results of AB expressed in X4072 (pYA248-AB) culture
and sonicate supernatant assayed by bridged ELISA are shown
in Table 2. Thefact that the content of AB in recombinant germ
X4072 (pYA248-AB) culture supernatant was higher than that
in sonicate supernatant indicated that AB existed mainly in
culture supernatant was expressed in the form of secretion.

Table 2 Expression of AB in X4072 (PYA248-AB) assayed by
bridged ELISA

A492nm P / N

Negtive control of X4072 (pYA248) culture supernatant 0.04
Negtive control of X4072 (pYA248) sonicate supernatant 0.04

Sample

Positive control of BL21 (pET-AB) periplasm 1.08 27.0
X4072 (pYAZ248-AB) culture supernatant 0.96 24.0
X4072 (pYA248-AB) sonicate supernatant 0.78 19.5

Assay of stability of AB antigen expressed in recombinant strain
After recombinant germ pYA248-AB wascultured 100 generations,
100 bacteriawere randomly selected and then transferred onto
LB agar plate containing DAP. All of them could grow and the
AB antigen was detected positive by ELISA. For the recombinant
the mean of the value of Aynm plusor minus standard deviation

was 0.979£0.052, and the value of Aygnm Of Negative control
X4072 (pYA248) was 0.040, which indicated that recombinant
germ, after seeing cultured for 100 generations, could stably
exist in attenuated S.typhimurium strain.

Growth curve of recombinant strain

Single clone X4072 (pYA248) and X4072 (pYA248-AB) were
selected and then inocul ated in the culture medium of LB liquid.
After being cultured at 37 °C overnight, 50 uL of it wasinocul ated
in 5 mL culture medium of LB liquid and then cultured with
shaking at 37 °C. Thevalue of Asx Was measured and recorded
once every other hour, from which growth curve (Figure 2) was
drawn. It can be discovered from Figure 2 that the growth states
of all bacteriawere basically consistent, that is, metabolism of
the bacteriawere basi caly unaffected by transforming recombinant
plasmid into attenuated S typhimurium strain.

—— X4 072 (PYA248-AB)

—m— X4 072 (PYA248)

Figure 2 A growing curve of X4072 (PYA248) and X4072
(PYA248-AB).

Safety of recombinant strain

Theresultsof experimentstesting safety of C57BL/6 micetaking
recombinant strain orally are shown in Table 3. After taking
virulent strain X3181x10" c.f.u, dl the micedied within 5 d, but
after taking recombinant strain X4072 (pYA248-AB) 1.0x10%cf.u,
thesurvival ratewas still 100 percent. It can be noticed from the
table that the number of live bacteria of C57BL/6 mice taking
recombinant strain orally was 10°fold more than that of the
lethal dose of virulent strain X3181.

Table 3 Survival of mice after oral inoculation with virulent
and recombinant S.typhimurium strains

Strain Relevant Inoculating Observation Survial
phenotype dose (c.f.u) intervals (d) (live/total)
X3181 wild type 1.0x107 5 0/5
2.6x10° 30 2/5
X4072 CyaCrp’/AB* 1.0x10%° 30 5/5

(PYA248-AB)

Immunology of recombinant strain

Thepogtiveresultsdefected by EL I SA had colors, but the negative
results had no colors, or weak colors. The five mice (group 3)
serumsandintestinal fluid immuned with vaccine S typhimurium
X4072 (pYA243-AB) showed positive results. In contrast, the
mice serums and intestinal fluid of PBS control group and
Salmonella control group showed negative results. It indicated
StyphimuriumX4072 (pYA248-AB) could enablethe organism
to generate specific mucous membrane and humoral immunity.

DISCUSSION

S typhimuriumstrain, through adhesion, invasion and inhabitation
in intestine-associated lymph tissue, can be phagocyted by
macrophage and M cellsin Peyer node and through mesentery
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lymph node reaches liver and spleen, which further stimulate
other organs and tissue to devel op mucous membrane, cell and
body fluid immunization responses effectively. In recent few
years, the research and production of gastrointestinal tract
vaccine with attenuated S. typhimurium strain as the release
system have become a new trend in the research of a new-
type recombinant live vaccine taken orally. In it, attenuated
S.typhimurium strain as a kind of vaccine carrier carrying
foreign antigen is, up to now, the most widely used strain.
Thisismainly dueto the fact that the model of miceinfected by
Styphimurium strain is basically consistent with the organism
of man infected by typhoid, and the virulence factor of S.
typhimurium strain has been deeply researched®2!, The genes
of virulence which have already been used in attenuated
mutation of S, typhimuriumstrain include: aro gene controlling
synthesis of aromatic compound!??; gal E gene affecting
synthesis of lipopolysaccharide’?®; cya, crp gene adjusting
metabolic level of cyclic adenosine monophosphate(cAMP)i4,
pur gene controlling sythesis of purine organism!®!; non-
specific acid phosphoric acid enzyme phoP gene manipulating
transcripition of gene and omp gene adjusting porin expression
etc?*2. Many laboratories have successfully constructed
attenuated and immunity Styphimuriumstrain by mutating relative
genes, which have been proved to be safe through experiments
on animals, such as mice, cattle, and pig and even on human
volunteerd?®=!, But when these attenuated Styphimurium strains
are used to express foreign protective antigen, genes encoding
protective antigen are usually cloned on a vector containing
drug resistance gene. In order to make sure of the stability of
plasmid, antibiotic must be used as selection pressure.
According to the rules stipulated in American Food and Drug
Administration, drug resistance plasmid can not exist in live
vaccine and the stability of recombinant plasmid can not be
maintained in human beings and animals by antibiotic?!.

In order that foreign protective antigen can be stably
expressed in attenuated S.typhimurium strain without
antibiotic, a new type of plasmid vector system has been now
developed, that is, the vector-host balanced lethal system. Host
strain in the vector-host balanced lethal system is atype of
chromosome mutant, and the mutated gene is housing keeping
gene. Because the product of its encoding catalysed the genetic
metabolic reaction of bacteria, the defects of the gene will
certainly result in nutritious deficiency of bacteria, therefore, it
can not grow in normal culture medium. Under this condition,
plasmid must be necessary for the existence of bacteria. Once
the transformed plasmid islost, bacteriawill not synthesize the
essential substance so asnot to grow in normal culture medium.
Therefore, al bacteriathat can grow in normal culture medium
certainly contain recombinant plasmid, so asto construct the
balanced lethal system. In this system, foreign protective
antigen can be stably expressed without antibiotic in host stain.
And the balanced lethal system constructed by asd gene has
been widely used, for example, Redman et al.[*¥ cloned the
surface protein antigen gene of streptococcus to plasmid with
asd, and then transformed it to /\cya/\crp/\asd defective
S typhimurium strains which were taken by mice orally. The
results showed that recombinant strain could induce mice to
produce continuous reaction of antibody response®?. Scholars
experimented A cya/\(crp cdt) /A\asd expressing hepatitis B
virus core pre S protein on adult women volunteers, showing
that the strain could stimulate organism to develop system and
mucous immunity response, and produce a unique secreted
antibody (slgA) in urinary and reproductive tract and intestinal
tract!®,

By adopting the system as described above, we successfully
carried out the construction of attenuated S. typhimurium strain
expressing AB. Because the cell wall of S typhimuriumstrain
is thick and so hard to be transformed, E.coli X6097 with

knocked out asd gene was used as host strain for screening
recombinant clone. The screened recombinant plasmid was
transformed electrically to host S. typhimurium X3730. X3730
with knocked out gene asd is the gene galE mutated strain of
S. typhimurium strain LT-2 and loses the effect of restriction
but possessthe effect of modification, because of which plasmid
transformed into S typhimurium strain can obtain the methylated
model of S. typhimurium strain and thus stably existsin
Styphimuriumstrain. Recombinant plasmid with methylated mode
extracted from X 3730 was transformed into final Styphimurium
strain X4072 without restriction and so the construction work
was finished.

Experiment on animals has proved that recombinant strain
issafe. It wasfound by ELISA that AB protein was expressed
mainly in the form of secretion, but the expression level was
comparatively low. For recombinant strain with vaccine
construction as the aim, however, amore important i ssue than
high level expressionisthe stability of expressing foreign gene,
because only when engineering bacteria can exist in body for a
relatively long period and stably release antigen, it can effectively
gtimulate theimmune system response of organismand expression
with too high level may destroy the biological and chemical
balance of strain as a complete organism which makesit hard
for S.typhimurium strain to maintain the stable expression of
foreign gene. The recombinant strain we constructed possessed
a good stability, and under the condition without selection
pressure,we recombinant plasmid could exist stably, and the
foreign gene could also be expressed stably whose growth
curve showed no obvious changes for expression of foreign
gene. The main reason for it is probably that the expression
level of foreign geneis suitable to S. typhimurium strain. In
addition, according to Sutton etal’ §% principle of immunization
protection and cure of H pylori “lessisbest”, that is, low dose
of antigen has better immunization effect, and maybe this
S typhimurium strain live vaccine expressing H pylori antigen
with alow but stablelevel can create better immunization effect.
In this study, the serums and intestine fluid from the mice
immunized with StyphimuriumX4072 (pYA248-AB) expressed
specific antibody aimed to AB, but the serums and intestine
fluid from the micein the control group failed to express. These
results suggest that S. typhimurium X4072 (pYA248-AB) might
be agood candidate as avaccine. However, whether it can be used
asavaccineor not need be researched further. To achieve hisgoal
we are carrying out the associ ated experiments on animals now.
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Abstract

AIM: To assess the mechanisms of protective action by
different mild irritants through maintenance of gastric
mucosal integrity and modulation of mucosal nitric oxide
(NO) in experimental gastritis rats.

METHODS: Either 200 mL/L ethanol, 50 g/L NaCl or 0.3 mol/L
HCI was pretreated to normal or 800 mL/L ethanol-induced
acute gastritis Sprague-Dawley rats before a subsequent
challenge with 500 mL/L ethanol. Both macroscopic lesion
areas and histological damage scores were determined in
the gastric mucosa of each group of animals. Besides,
gastric mucosal activities of NO synthase isoforms and of
superoxide dismutase, along with mucosal level of leukotriene
(LT)C, were measured.

RESULTS: Macroscopic mucosal damages were protected
by 200 mL/L ethanol and 50 g/L NaCl in gastritis rats.
However, although 200 mL/L ethanol could protect the
surface layers of mucosal cells in normal animals (protection
attenuated by N®-nitro-L-arginine methyl ester), no
cytoprotection against deeper histological damages was
found in gastritis rats. Besides, inducible NO synthase activity
was increased in the mucosa of gastritis animals and
unaltered by mild irritants. Nevertheless, the elevation in
mucosal LTC, level following 500 mL/L ethanol administration
and under gastritis condition was significantly reduced by
pretreatment of all three mild irritants in both normal and
gastritis animals.

CONCLUSION: These findings suggest that the aggravated
500 mL/L ethanol-evoked mucosal damages under gastritis
condition could be due to increased inducible NO and LTC,
production in the gastric mucosa. Only 200 mL/L ethanol is
truly “cytoprotective” at the surface glandular level of non-
gastritis mucosa. Furthermore, the macroscopic protection
of the three mild irritants involves reduction of LTC, level
in both normal and gastritis mucosa, implicating preservation
of the vasculature.

Ko JKS, Cho CH, Lam SK. Adaptive cytoprotection through
modulation of nitric oxide in ethanol-evoked gastritis. World J
Gastroentero/ 2004; 10(17): 2503-2508
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INTRODUCTION
Excessive ethanol ingestion can result in gastritis characterized
by mucosal edema, subepithelial hemorrhages, cellular
exfoliation and inflammatory cell infiltration™. Alcohol has
been shown to affect the mucosal barrier and histology!?.
Morphologically, alcohol-induced gastric superficial injury
involves mostly the inter-foveolar epithelium and gastric pits,
and heals rapidly by restitution’®. On the other hand, the
deeper lesionsinvolve intramucosal hemorrhage and vascul ar
engorgement!. As aconsequence of damage to microvessels,
|eakage of inflammatory mediators occurs, and vasoconstriction
of submucosal arteries would result in ischemia. Eventualy,
these events would enhance the formation of more severe
necrotic mucosal injury. Several products of arachidonate
metabolism have been implicated to participate in the
pathogenesis of ethanol-induced gastric mucosal damage'®.
It is known that neuronal modulating processes such asthe
release of vasoactive mediatorsare crucia for the gastric mucosa
to resist the continual ondaught of aggressive agentd®. Previous
findings have suggested that there are interactions between
the endothelium-derived vasodilator mediators, including that
prostaglandins (PG), can regulate gastric mucosa microcirculation
andintegrity!. Endothelid cellsasoreleaseahighly labilehumora
vasodilator substance, now known to be nitric oxide (NO), that
mediates the vascular relaxation induced by vagal stimulation®.
Nonetheless, it should be noted that the production of NO from a
cal cium-independent (inducible) form of the enzyme could lead
to cell injury in the endothelium!®. Thus, the induction of NO
synthesismay not aways be beneficial. For instance, formation
and interaction between superoxide and NO radicals are the
key elements of oxidative challenges in the gastric mucosa.
There are some endogenous proinflammatory mediators
that could be activated during the aggressive attack of noxious
agents or severe tissue trauma. Leukotriene (LT)C, is one of
these substances which would lead to microcirculatory
disturbances and severe mucosal tissue injury®. Such a
detrimental action may somehow involve the generation of
reactive oxygen freeradicals. In other words, these effects could
be modulated by enzyme systems of the oxygen-handling cells,
such as superoxide dismutase (SOD), which are able to protect
cells against the toxic effects caused by oxygen speciesd*?.
Acute hemorrhagic gastritis patients have underlying
predisposing conditions such as alcohol abuse or use of
NSAID. Besides endoscopic and surgical therapy, the focus
on pharmacotherapy would be the enhancement of mucosal
defense mechanisms so as to accelerate healing and prevent
relapses’?. The present study attempted to illustrate that
different mild irritants had differential modes of action in the
adaptive cytoprotection against ethanol-induced gastric mucosal
damage in animals under gastritis condition, whereas some of
these involved modulation of eicosanoids and NO biosynthesis
inthegastric mucosa. Thesedatamay dso providetheexplanation
why gastritis can predispose the stomach to ulceration.

MATERIALS AND METHODS

Animals
Male Sprague-Dawley rats (240-260 g) were used after
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acclimatization for at least three daysin acontrolled room with
constant temperature (22+1 °C) and humidity (65-70%). They
were fed a standard diet of laboratory chow (Ralston Purina,
USA) and had free access to tap water ad libitum. All
experimental animal swere deprived of food inindividual wired
cages 24 h beforehand.

Treatments and induction of gastritis

Animalsin the “normal” (non-gastritis) groups received oral
administration (10 mL/kg) of either distilled water or one of the
three mildirritants, 200 mL/L ethanal, 50 ¢/L. NaCl and 0.3 mol/L
HCI via a stainless steel orogastric tube, 15 min before the
administration of 500 mL/L ethanol (10 mL/kg). For animal sthat
were used to demonstrate the action of mild irritants alone
(basal), distilled water was given instead of 500 mL/L ethanol.
All animalswere sacrificed 30 min later.

To induce gastritis, 800 mL/L ethanol was given to the rats
oraly (10 mL/kg). The treated animals were returned to their
home cageswith provision of food and tap water. After 24 h, al
the 800 mL/L ethanol-treated animals were deprived of food
again, with tap water supply only. Similar experiments as those
of the “normal” animals were performed using these gastritis
rats 24 h following starvation (i.e. the experimentswere carried
out 48 h after the induction of gastritis). Our preliminary study
showed that at this time point the gastritis animals were free
from any gross macroscopic lesion or erosion, but the deeper
mucosal cells comprising more than 800 mL/L of the total
mucosal thickness were damaged or morphologically changed
when observed microscopically.

In order to investigate the participation of the endogenous
vasoactive mediator during the processes, N®-nitro-L-arginine
methyl ester (L-NAME, 12.5 mg/kg, i.v.) was pretreated 15 min
before the administration of mild irritantsto inhibit endogenous
NO production*3,

Macroscopic evaluation of gastric mucosal damage

The animaswere sacrificed by asharp blow behind the head and
followed by cervical didocation. Their stomachs were removed
and opened aong the greater curvature. After thoroughly rinsed
inice-cold saline solution and bl otted dry, the area.of macroscopic
lesions on the mucosawastraced onto aglass dide, and measured
by transparent 1-mn7? gridg*. A section of each somach tissue
wasremoved and preserved for subsequent microscopic studies.
Finally, the glandular mucosa of the rest of stomach tissue was
scrapped by using aglassdide, weighed and immediately frozen
inliquid nitrogen. The mucosal sampleswere stored at -70 °C
until assayed for various endogenous mediators.

Histological evaluation of gastric mucosal damage
Within a week of formalin fixation, the gastric tissues were
processed for paraffin embedding. A (1.0x 0.5x0.3) cm?® block
of gastric tissue was dehydrated by immersion in progressively
increasing concentrations of ethanol. Slices of 6-pum thick
sections were stained by the periodic acid-Schiff technique,
and counterstained by Harris' hematoxylin solution. The
stai ned sections were then | ft in the fume-cupboard overnight.
An Olympus microscope (200x) with ascaled eyepiece was
used for the morphometric study. Any histological damageina
section was quantified according to the method from O’ Brien
and coworkers™®. The criteriafor damage were the absence of
gastric mucosal cells or the presence of grosdy disrupted cells.
The standards for evaluation of the severity of microscopic
mucosal damage were as follows: type | damage-length of
luminal surface mucous cells damaged or vacuolated, type I
damage-extensive luminal surface cell damage with disrupted
and exfoliated cells lining the gastric pits, type 111 damage-
disrupted cells of the gastric glands beneath the damaged
surface and gastric pit cells. For each tissue sample, four

measurements of the total mucosal length aswell asthelength
with damaged or disrupted mucosal cells were examined (in
mm) and averaged. Thefinal index for the degree of histological
damage was represented by the percentage of the damaged
mucosal length interms of thetotal length of the gastric mucosa.

Determination of NO synthase activity in gastric mucosa

A mucosa sample was placed in a buffer solution (pH 7.2)
containing 10 mmol/L HEPES, 0.32 mal/L sucrose, 0.1 mmol/L
EDTA, 1 mmol/L DL-dithiothreitol, 10 pg/mL of soybean
trypsininhibitor, 10 pug/mL of leupeptin, 2 pg/mL of aprotinin,
and 1 mg/mL of phenyl-methanesulfonyl fluoride. The sample
was homogenized for 20 s under ice-cold condition, and then
centrifuged at 22 000 g for 30 minat 4 °C. An aliquot of 100 pL
from the supernatant was withdrawn for protein assay!¢.

The NO synthase activity was determined from the conversion
of [*H] L-arginine to the NO co-product citrullinel*. The
supernatant was passed over a0.75-mL column containing Dowex
AG50WX-8 resins to remove any endogenous argining®®. The
reaction mixture comprised 100 pL of the supernatant and 150 L
of buffered solution (pH 7.2) containing 10 mmol/L HEPES,
0.7 mmol/L NADPH, 150 pmol/L CaCl,, 7 mmol/L L-valineto
inhibit any arginasd®¥, and 1 uCi of [*H] L-arginine. Theamount
of [®H] L-citrullineformed in thisreaction mixture represented the
total NO synthase activity. A similar reaction mixture was also
prepared, with the addition of 1 mmol/L EGTA, which removed
Ca* ions from the system™. Product formation that remained
persistent in this system determined the inducible NO synthase
activity. Incubation of the mixtures with or without EGTA was
continued for 30 min at 37 °C. The reaction was terminated by
adding 50 pL  of 200 mL/L perchloric acid, and the solution
mixture was neutralized by 160 L of 1 mol/L NaOH?, This
was followed by the dilution with 540 pL of deionized water
containing 1 mmol/L L-arginine and 1 mmol/L citrulline.
Subsequently, the resulting 1 mL mixturein each reaction tube
was applied onto a chromatographic column containing 0.5 g of
Dowex AG50WX-8 resing?!. Following the separation from
unreacted [*H] L-arginine by cation-exchange chromatography,
the product [*H] L-citrulline was eluted through the column by
1 mL of delonized water and collected into a scintillation vial.
The sampleswere counted for the amount of radioactivity using
aliquid scintillation counter (2000 CA, Packard, USA). Thedata
obtained were corrected for background counts obtained by a
similar procedure but with hest-inactivated mucosal tissue. The
find resultswererepresented ascpm/min/mg protein. Condtitutive
NO synthase activity was obtained by subtracting the inducible
NO synthase activity by the total NO synthase activity.

Determination of LTC, level in gastric mucosa

The pre-weighed mucosal samples were homogenized for 15 s
under ice-cold condition in phosphate buffer (50 mmol/L,
pH 7.4) with indomethacin (28 umol/L), to prevent any
neoformation of cyclooxygenase products during the extraction
process. The homogenized samples were then centrifuged at
1400r/min for 15minat 4 °C. Analiquot of 100 uL from the
supernatant was withdrawn for protein assay!*®l. The assay
was carried out by using aLTC, [*H] RIA kit (NEN Dupont,
USA.). A standard curve was constructed with a range of
0.025-1.6 ng/100 pL. Thefinal values of the samples obtained
were represented as pg/mg protein.

Determination of SOD activity in gastric mucosa

The pre-weighed mucosal samples were homogenized for 20 s
under ice-cold condition in phosphate buffer (50 mmoal/L, pH 7.4).
The homogenized samples were then centrifuged at 20 000 g
for 15 minat 4 °C. Anaiquot of 100 pL from the supernatant
was withdrawn for protein assay!*€.
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The SOD activity in tissue homogenates was determined by
the NBT reaction??. A 10 pL of the homogenates was added to
asolution mixture containing 150 pL. each of 2 mmol/L xanthine,
2mmol/L EDTA and 0.5 mmol/L NBT, 500 pL of Na,CO;and
75 pg/mL of BSA. After being made up to a2.85 mL solution
with phosphate buffer, the mixture wasincubated for 3minina
25 °C bath. Following that, 150 pL of 0.12 pmol/L xanthine
oxidase was added to the mixture and 3 mL solution was
incubated further at 25 °C for 20 min. Thereactionwasterminated
by adding 1 mL of 0.8 mmol/L CuCl, solution to each tube. The
inhibition of NBT reduction in each sample was determined
spectrophotometrically at 560 nm and the final value of SOD
activity was represented as units/mg protein.

Drugs

[H] L-arginine (specific activity = 36.1 Ci/mmoL ) and the [*H]
LTC, RIA kit were purchased from NEN DuPont (Boston, MA,
USA.). L-NAME, DL-dithiothreitol, soybean trypsin inhibitor,
leupeptin, aprotinin, phenylmethanesulfonyl fluoride, L-valine,
L-arginine and DL-citrulline were all products of Sigma
Chemicas(St. Louis, MO, USA.).

Statistical analysis

All theresultswere expressed asmeantSE of 6 animals per group.
The means were compared by the analysis of variance followed
by unpaired Student’s t test. Differences were considered
satistically significant if the P value was less than 0.05.

RESULTS

Adaptive cytoprotection of mild irritants against 50% ethanol-
induced macroscopic lesion formation in gastritis rats (Table 1)
Under gastritis condition, therewas ageneral aggravating effect
on the macroscopic ethanol-evoked gastric mucosal damagein
all experimental groups, when compared with the damaging
effects of 500 mL/L ethanol in normal animals. The degree of

protection by 200 mL/L ethanol and 50 g/L NaCl in gastritisrats
was |essened when compared to that in normal animals, while
the gastroprotection of 0.3 mol/L HCl was completely relieved
ingadtritisanimals. Asinnormal animals, L-NAME pretrestment
alleviated the protective action of 200 mL/L ethanol in gastritis
animals. Nonetheless, the protective action of 50 g/lL NaCl was
preserved under gastritis condition.

Table 1 Effect of mild irritants on 500 mL/L ethanol-induced
macroscopic lesion formation in gastric mucosa of normal and
gastritis rats, and modulation by pretreatment with L-NAME

Macroscopic lesion areas (mm?)

Pretreatment
Normal Gastritis

H,O (Control) 41.17+7.85 134.17+19.23¢
200 mL/L EtOH 2.00+0.93" 31.33+5.96°f
50 g/L NaCl 0+0° 15.00+3.80°f
0.3 mol/L HCI 0+0° 124.33+20.60f
L-NAME+H,0 42.50+10.65 125.40+17.75f
L-NAME+200 mL/L EtOH 32.33+£9.952 98.83+7.22f
L-NAME+50 gZ/L NacCl 0+0° 32.25+7.490F
L-NAME+0.3 mol/L HCI 0+0° 104.25+12.20"

Values are meanzSE (n = 6), °P<0.001 vs corresponding H,O
group without mild irritant. 2P<0.05, 'P<0.001vs corresponding
group without drug pretreatment. P<0.01, "P<0.001 vs corre-
sponding group without gastritis (Normal).

Adaptive cytoprotection of mild irritants against 50% ethanol-
induced histological damage in gastritis rats (Table 2)

The type Il and type Il histological damages induced by
500 mL/L ethanol weregenerdly aggravated inthegastric mucosa
of gastritisanimals. In addition, the histological cytoprotection
of 200 mL/L ethanol that could be observed in normal animals
(the total, type | and type |1 histological damages, which was
dleviated by the pretreatment with L-NAME) was completely

Table 2 Effect of mild irritants on 500 mL/L ethanol-induced histological damage in gastric mucosa of normal and gastritis rats, and
modulation of protective action of 200 mL/L ethanol by pretreatment with L-NAME

Histological damage (% total mucosal thickness)

Treatment Normal Gastritis
Total Type | Type Il Type Il Total Type | Type 1l Type HI

H.O (Control) 70.80+1.26 16.23+1.07 21.92+1.01 31.36+1.67 91.13+4.31f 14.99+1.14 27.37+1.83®  48.77+3.69'
200 mL/L EtOH 59.61+2.04° 11.12+0.97" 15.27+1.10"  33.20+1.80 92.23+3.89 14.17+1.26 25.06+1.770  53.00+3.16’
50 g/L NaCl 73.16+1.82 15.37+1.26 22.64+1.54 35.15+2.07 90.73+3.15f 12.11+1.02 28.33+1.60°  50.29+3.40
0.3 mmol/L HCI 66.37+2.21 18.20£1.55 20.01+1.98 28.16+3.04 89.83+3.71f 13.72+1.33 25.69+1.52°  50.40+2.56!
L-NAME+H;0 74.2+1.96 16.41+1.72 21.19+1.70 36.62+3.21 94.27+3.06' 15.21+1.31 29.61+1.97"  49.42+3.90°
L-NAME+200 mL/L EtOH 69.75+2.11¢ 15.55+1.41° 20.48+1.88° 33.71+2.86 95.10+3.62f 13.78+1.56 27.49+1.81°  53.82+4.11"

Values are mean=SE (n = 6), "P<0.01, ®P<0.001 vs corresponding H,O group without mild irritant. 2P<0.05, 9P<0.01 vs corresponding
group without drug pretreatment. eP<0.05, P<0.01, 'P<0.001 vs corresponding group without gastritis (Normal).

Table 3 Effect of mild irritants and/or 500 mL/L ethanol on constitutive and inducible nitric oxide synthase activity in gastric

mucosa of normal and gastritis rats

Nitric oxide synthase activity (cpom/min/mg protein)

H,O 200 mL/L EtOH 50 g/L NacCl 0.3 mol/L HCI
Constitutive Inducible Constitutive Inducible Constitutive Inducible Constitutive Inducible
Basal normal 266.01+22.10 96.97+12.72 768.98+93.17°  107.66+17.17 734.68+74.67° 84.13+19.26 328.77+48.23 97.52+16.12

326.54+33.43%"
31.13+10.47°
39.12+3.09

500 mL/L EtOH normal 132.18+16.49¢
Basal gastritis 31.56+7.20f
500 mL/L EtOH gastritis 56.21+8.64

106.55+13.19
856.58+93.82f
972.29+123.73f

143.51+15.71
746.05+94.07°
888.88+129.36"

41.26+11.64"
42.72+10.29

22.27+8.01°

282.67+23.86%¢ 109.67+12.32* 160.86+25.07 137.24+16.13
649.89+81.83f
853.36+103.64"

949.87+106.22
49.82+10.58' 875.24+122.44f

Values are mean+SE (n = 6), °P<0.001 vs corresponding H,O group without mild irritant treatment. #P<0.05, "P<0.01, P<0.001 vs
corresponding group without 500 mL/L EtOH treatment (Basal). 'P<0.01, 'P<0.001 vs corresponding group without gastritis (Normal).
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Table 4 Effect of mild irritants and/or 50% ethanol on superoxide dismutase (SOD) activity in gastric mucosa of normal and

gastritis rats

SOD activity (units/mg protein)

H,O 200 mL/L EtOH 50 g/L NacCl 0.3 mol/L HCI
Basal normal 32.08+2.20 36.07+3.18 38.01+1.55 37.53+3.06
500 mL/L EtOH normal 37.20+2.51 41.14+1.82 40.48+0.99 41.33+3.78
Basal gastritis 41.92+2.422 47.51+3.272 48.03+2.06° 50.56+3.882
500 mL/L EtOH gastritis 50.85+4.46° 49.76+3.362 57.68+6.042 54,92+4.742

Values are mean#SE (n = 6), 3P<0.05, "P<0.01 vs corresponding group without gastritis (Normal).

Table 5 Effect of mild irritants and/or 50% ethanol on leukotriene C,(LTC,) level in gastric mucosa of normal and gastritis rats

LTC, level (pg/mg protein)

H0 200 mL/L EtOH 50 g/L NaCl 0.3 mol/L HCI
Basal normal 13.33+£3.08 5.77+0.86° 4.19+0.67¢ 4.28+0.812
500 mL/L EtOH normal 29.28+5.46°¢ 10.01+1.87° 9.15+3.05° 8.17+2.42°
Basal gastritis 35.08+6.28¢° 17.05+4.222¢ 12.88+3.68%¢ 14.86+3.60%¢
500 mL/L EtOH gastritis 43.84+3.79 18.86+4.66° 17.70+3.06¢ 21.28+6.332

Values are mean=SE (n = 6), #P<0.05, ®°P<0.01, 9P<0.001 vs corresponding H,O group without mild irritant. °P<0.05 vs correspond-
ing group without 500 mL/L EtOH treatment (Basal). ®P<0.05 vs corresponding group without gastritis (Normal).

relieved. Five percent NaCl and 0.3 mol/L HCI did not exert any
cytoprotective action in the histological level whatsoever.

Effects of mild irritants on NO synthase activity in gastric mucosa
of gastritis rats, during basal condition or followed by 500 mL/L
ethanol challenge (Table 3)

The condition of gastritis caused a profound elevation of
inducible NO synthase activity as well as a reduction of
constitutive NO synthase activity in all experimental groups.
The elevation of constitutive NO synthase activity induced by
200mL/L ethanol or 50g/L NaCl wasaso aleviated in gagtritis
rats, with theinducible NO synthase activity remained unaltered
by mildirritants. On the other hand, the overall inhibitory effect
of 500 mL/L ethanol on mucosal constitutive NO synthase
activity wasrdieved in gagtritisanimals, of which the activation
of the constitutive isozyme by 200 mL/L ethanol and 50 g/L
NaCl was also completely prevented.

Effects of mild irritants on SOD activity in gastric mucosa of
gastritis rats, during basal condition or followed by 500 mL/L
ethanol challenge (Table 4)

SOD activity wassignificantly increased in al gastritisanimals,
when compared to normal rats. On the other hand, neither the
mild irritants nor 500 mL/L ethanol significantly altered SOD
activity in the gastric mucosa.

Effects of mild irritants on LTC, level in gastric mucosa of gastritis
rats, at basal condition or followed by 500 mL/L ethanol challenge
(Table 5)

Ingenerd, therewasahigher LTC, levd inthegastric mucosacof all
gadtritisanimals. Neverthdless, dl three mild irritants significantly
reduced thelevel of LTC,in the gastric mucosa of both norma and
gadtritisrats. Fifty percent ethanol significantly increased theamount
of mucosd LTC,innormd animals, but not in gadritisanimals. The
ability of mild irritants to reduce mucosa LTC, level remained
persstent indl 500 mL /L -ethanol-treated groups.

DISCUSSION
Previous studies investigating on the phenomenon of gastric

adaptive cytoprotection were conducted in normal animals. The
present investigation demonstrated the adaptive cytoprotection
of mild irritants in gastritis rats. It is known that after deep
mucosal injury involving extensive hemorrhage and tissue
destruction, asin the case of gastritisinduced by 80% ethanal,
epithelial restitution still occurred®!. The term “hemorrhagic
gastritis” is a term used to describe the appearance of
subepithelial hemorrhage in the stomach. Some patients with
gastric subepithelial hemorrhage could be expected to have
associated histologic gastritis. Hence, histological protection
and the preservation of vascular integrity were the two main
criteria of gastroprotection’®?, Our findingsindicated that the
gross macroscopic protective actions of 200 mL/L ethanol and
50 g/L NaCl remained persistent in the gastritis stomach. The
lossof protectiveeffect of 0.3mol/L HCI under gastritiscondition
implied that anormal functional mucosa could be essential for
the protective mechanism of the mild acid. We previously
reported that adaptive cytoprotection by 0.3 mol/L HCl was
completely blocked by vagotomy, implicating that innervation
of an intact vagus nerve was one of the prerequisites of this
mild irritant to induce physiological responsesin the mucosa
oxyntic cell§?, Similarly, normal integrity of the mucosathat
was interfered under gastritis condition may also be important
for the protective action of HCI. Apart from that,50 g/L NaCl
and 0.3 mol/L HCI failed to preserve the mucosal cells
histologically, even in non-gastritis normal animals, leaving
200 mL/L ethanol to be the only agent that could exert “true
cytoprotection” at the surface glandular level. Nevertheless,
the loss of histological protective ability of 200 mL/L ethanol
during gastritis condition also suggests that the initiation of
its histol ogic adaptive cytoprotection may also require an intact
glandular mucosato operate. Clinically, the histologic gastritis
that attributed to ethanol was somehow related to the underlying
presence of H pylori, athough ethanol did not seem to initiate
H pylori-associated histologic gastritis directly?®, Treatment
of H pylori was associated with almost complete normalization
of histologic findings?”. In other words, 200 mL/L ethanol may
only beresponsiblefor theimprovement of macroscopic gastric
mucosal lesion formation by surface epithelial restitution, while
H pylori eradicationis capable of restoring the deep subepithdial
mucosa in histologic gastritis.
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In general, inflammatory reactions were initiated and
amplified by proinflammatory mediatorsfrom injured tissuesas
well as those being synthesized during the process®®. These
substances could result in further local tissue injury by release
and activation of destructive enzymes aswell as production of
oxygen-derived freeradicals. Thus, removal of oxygen-derived
free radicals could stimulate the healing of ethanol-induced
acute gastric mucosal injury in rats?. Increased superoxide
generation was resulted from activation of polymorphonuclear
leukocytes and macrophages, which were the stimuli that
induced the production of NO by inducible NO synthase™.
NO produced in arelatively high concentration by thisinducible
enzyme might react with oxygen or superoxide to yield more
reactive oxidants, such asthe peroxynitrite®!. These secondary
oxidants are believed to be responsible for most biological
oxidative damages, and are often the targets of antioxidant
defense. In the present study, inducible NO synthase activity
was significantly increased for many foldsin gastritisanimals,
which could be correlated with the aggravation in 500 mL/L
ethanol-induced mucosal damage and the alleviation of the
histological cytoprotection induced by 200 mL/L ethanol.
Although the administration of 500 mL/L ethanol to normal rats
did not cause any significant activation of inducible NO
synthase activity, the activity of congtitutive NO isozyme was
inhibited. Production of NO from the cal cium-dependent
constitutive enzyme has been known to play arolein the
modulation of gastric mucosal integrity®*d. The general
suppression of this constitutive isozyme in gastritis mucosa
could be due to the loss of endothelia integrity. Alternatively,
the gastroprotection caused by 200 mL/L ethanol and 50 g/L
NaCl, which concurrently maintained the constitutive NO
synthaseactivity following 500 mL/L ethanol challengeinnormal
animals, must be due to the preservation of endothelium and
hence to maintain vascular integrity. However, L-NAME
pretreatment only reversed the protective action of 200 mL/L
ethanol but not that of 50 g/L NaCl, suggesting that the
involvement of NO from the constitutive form in the anti-lesion
action of NaCl is still uncertain. Nevertheless, the suppression
of congtitutive NO synthase activity and theloss of itsactivation
by 200 mL/L ethanol in the gastritis mucosa may explain why
gastritis provoked ethanol ulceration and attenuated the
protectiveaction of 200 mL/L ethanal, respectively™. In addition,
the damaged mucosa could activate the inducible NO isozyme
and trigger the release of more free radicals, thus producing
extensive tissue necrosis under gastritis condition.

Local SOD has been shown to abolish the gastric mucosal
injury induced by the cytotoxic level of NO, possibly dueto the
prevention of peroxynitrite formation from interaction between
superoxide and cytotoxic NO®, Our results demonstrated that
under gastritiscondition, SOD activity wassignificantly elevated.
This could be a defensive mechanism of the gastric mucosa that
would be activated when a tremendous amount of superoxide
and other free radicals was produced following severe tissue
injury. Indeed, acute administration of either mild irritants or
500 mL/L ethanol did notinduceasimilar increasein SOD activity
in the gastric mucosa. Hence, the acute protective action of mild
irritantsin both norma and gastritisrats did not seemto involve
the modulation of mucosal SOD activity.

It was reported in a human study that the basal release of
PGE; and LTC, in acoholics was higher than that in healthy
volunteers, and that acohol administration could cause an
increasein PGE, and LTC, in healthy volunteers®!. In addition,
by using arat model, the same group of investigators further
proposed that the anti-lesion effect of some gastroprotective
agents was related to the inhibition of LTC, formation and an
increase in PGE, biosynthesis in the gastric mucosa®!. Our
findings in fact indicated that LTC, level in the mucosa was
significantly increased in gadtritisrats, which was similar to the

state in alcoholics. Moreover, the challenge with 500 mL/L
ethanol also stimulated anincreasein LTC, level, asin the case
of healthy volunteers. In fact, increased synthesis of mucosal
PGE; in alcohalics could also indicate a defensive mechanism
of the mucosa, mainly to counteract with the proinflammatory
action of LTC, generated from the tissue. In the present study,
mild irritants were able to induce asignificant inhibition on the
release of LTC, in both normal and gastritis mucosa. Reduction
of this autacoid would attenuate vascular disturbances and
decrease hemorrhagic lesions in the gastric mucosa®”.

Insummary, aggravationin 500 mL/L ethanol-induced gastric
mucosal damages under gastritis condition can be due to
increased mucosal biosynthesis of inducible NO and LTC,. The
protective action of 200 mL/L ethanol could be restricted to the
surface mucosd cdlls, thus having no effect on deeper histologic
lesions. In general, deep histologic protection by mild irritants
could not be found in gastritis animals. On the other hand, mild
irritants could also act by reducing gastric mucosal LTC,level,
which can lessen gross vascular injury and subsequently reduce
hemorrhagic lesion even in gastritis mucosa

REFERENCES

1  Guslandi M. Effect of ethanol on the gastric mucosa. Dig Dis
Sci 1987; 5: 21-32

2 Laine L, Weinatein WM. Histology of alcoholic hemorrhagic
“gastritis”: a prospective evaluation. Gastroenterology 1988;
94: 1254-1262

3 Lacy ER, Morris GP, Cohen MM. Rapid repair of the surface
epithelium in human gastric mucosa after acute superficial
injury. J Clin Gastroenterol 1993; 17(Suppl 1): S125-S135

4 Guth PH, Paulsen G, Nagata H. Histologic and microcircula-
tory changes in alcohol-induced gastric lesions in the rat: effect
of prostaglandin cytoprotection. Gastroenterology 1984; 87:
1083-1090

5 Peskar BM, Lange K, Hoppe U, Peskar BA. Ethanol stimu-
lates formation of leukotriene C, in rat gastric mucosa. Prostag-
landins 1986; 31: 283-293

6  YoneiY, Holzer P, Guth PH. Laparotomy-induced gastric pro-
tection against ethanol injury is mediated by capsaicin-sensi-
tive sensory neurons. Gastroenterology 1990; 99: 3-9

7  Whittle BJR, Lopez-Belmonte J, Moncada S. Regulation of
gastric mucosal integrity by endogenous nitric oxide: interac-
tion with prostanoids and sensory neuropeptides in the rat. Br
J Pharmacol 1990; 99: 607-611

8  Palmer RMJ, Ferrige AG, Moncada S. Nitric oxide release ac-
counts for the biological activity of endothelium-derived relax-
ing factor. Nature 1987; 327: 524-526

9  Palmer RMJ, Bridge L, Foxwell NA, Moncada S. The role of
nitric oxide in endothelial cell damage and its inhibition by
glucocorticoids. Br J Pharmacol 1992; 105: 11-12

10 Tsuji S, Kawano S, Sato N, Kamada T. Mucosal blood flow
stasis and hypoxemia as the pathogenesis of acute gastric mu-
cosal injury: role of endogenous leukotrienes and prostaglandins.
J Clin Gastroenterol 1990; 12(Suppl 1): S85-S91

11 Szelenyi I, Brune K. Possible role of oxygen free radicals in
ethanol-induced gastric mucosal damage in rats. Dig Dis Sci
1988; 33: 865-871

12 Chamberlain CE. Acute hemorrhagic gastritis. Gastroenterol
Clin North Am 1993; 22: 843-873

13 Tepperman BL, Soper BD. Interaction of nitric oxide and sali-
vary gland epidermal growth factor in the modulation of rat
gastric mucosal integrity. Br J Pharmacol 1993; 110: 229-234

14 Cho CH, Chen BW, Hui WM, Luk CT, Lam SK. Endogenous
prostaglandins: its role in gastric mucosal blood flow and etha-
nol ulceration in rats. Prostaglandins 1990; 40: 397-403

15 O’Brien P, Schultz C, Gannon B. An evaluation of the phe-
nomenon of cytoprotection using quantitative histological
criteria. J Gastroenterol Hepatol 1987; 2: 113-121

16 Read SM, Northcote DH. Minimization of variation in the
response to different proteins of the Coomassie Blue G-binding
assay for protein. Anal Biochem 1981; 116: 53-58

17 Knowles RG, Palacios M, Palmer RM, Moncada S. Formation



2508 ISSN 1007-9327 CN 14-1219/R

World J Gastroenterol

September 1, 2004 Volume 10 Number 17

18

19

20

21

22

23

24

25

26

27

28

of nitric oxide from L-arginine in the central nervous system: a
transduction mechanism for stimulation of the soluble
guanylate cyclase. Proc Natl Acad Sci U S A 1989; 86: 5159-5162
Bredt DS, Snyder SH. Nitric oxide mediates glutamate-linked
enhancement of cGMP levels in the cerebellum. Proc Natl Acad
Sci U S A 1989; 86: 9030-9033

Tepperman BL, Vozzolo BL, Soper BD. Effect of neutropenia
on gastric mucosal integrity and mucosal nitric oxide synthesis
in the rat. Dig Dis Sci 1993; 38: 2056-2061

Rees DD, Palmer RMJ, Schulz R, Hodson HF, Moncada S.
Characterization of three inhibitors of endothelial nitric oxide
synthase in vitro and in vivo. Br J Pharmacol 1990; 101: 746-752
Kostka P, Jang E, Watson EG, Stewart JL, Daniel EE. Nitric
oxide synthase in the autonomic nervous system of canine
ileum. J Pharmacol Exp Ther 1993; 264: 34-39

Beauchamp C, Fridovich I. Superoxide dismutase: improved
assays and an assay applicable acrylamide gels. Anal Biochem
1971; 44: 276-287

Lacy ER. Epithelial restitution in the gastrointestinal tract. J
Clin Gastroenterol 1988; 10(Suppl 1): S72-S77

Ko JKS, Ching CK, Chow JYC, Zhang ST, Lam SK, Cho CH.
The vascular and glandular organoprotective properties of
metronidazole in the rodent stomach. Aliment Pharmacol Ther
1997; 11: 811-819

Ko JKS, Cho CH. Adaptive gastric mucosal cytoprotection in
rats: different modes of action by three mild irritants. Digestion
1996; 57: 54-59

Laine L. Helicobacter pylori, gastric ulcer, and agents noxious to
the gastric mucosa. Gastroenterol Clin North Am 1993; 22: 117-125
Uppal R, Lateef SK, Korsten MA, Paronetto F, Lieber CS.
Chronic alcoholic gastritis. Roles of alcohol and Helicobacter
pylori. Arch Intern Med 1991; 151: 760-764

Kozol RA, Downes RJ, Kreutzer DL, Wentzel S, Rossomando

29

30

31

32

33

34

35

36

37

E, Elgebaly SA. Release of neutrophil chemotactic factors from
gastric tissue. Initial biochemical characterization. Dig Dis Sci
1989; 34: 681-687

Salim AS. Removing oxygen-derived free radicals stimulates
healing of ethanol-induced erosive gastritis in the rat. Diges-
tion 1990; 47: 24-28

Morris SM Jr, Billiar TR. New insights into the regulation of
inducible nitric oxide synthesis. Am J Physiol 1994; 266: E829-
E839

Mannick EE, Bravo LE, Zarama G, Realpe JL, Zhang XJ, Ruiz
B, Fontham ET, Mera R, Miller MJ, Correa P. Inducible nitric
oxide synthase, nitrotyrosine, and apoptosis in Helicobacter py-
lori gastritis: effect of antibiotics and antioxidants. Cancer Res
1996; 56: 3238-3243

Tepperman BL, Whittle BJR. Endogenous nitric oxide and
sensory neuropeptides interact in the modulation of the rat
gastric microcirculation. Br J Pharmacol 1992; 105: 171-175
Palmer RMJ, Reed DD, Ashton DS, Moncada S. L-Arginine is
the physiological precursor for the formation of nitric oxide in
endothelial-dependent relaxation. Biochem Biophys Res Commun
1988; 153: 1251-1255

Lamargue D, Whittle BJR. Role of oxygen-derived metabolites
in the rat gastric mucosal injury induced by nitric oxide donors.
Eur J Pharmacol 1995; 277: 187-194

Franco L, Cavallini G, Bovo P, Marcori M, Orlandi PG, Moltrer
F, Vetturi B, Velo GP. Gastric eicosanoid synthesis in normal
subjects and alcoholics after ethanol stimulation. Ital J
Gastroenterol 1995; 27: 244-247

Franco L, Velo GP. Eicosanoid and gastroprotection by copper
derivatives and NDGA. Inflamm Res 1995; 44: 139-142

Ko JKS, Ma JJ, Chow JYC, Ma L, Cho CH. The correlation of
the weakening effect on gastric mucosal integrity by 5-HT with
neutrophil activation. Free Rad Biol Med 1998; 24: 1007-1014

Edited by Wang XL and Xu FM



PO Box 2345, Beijing 100023, China
Fax: +86-10-85381893
E-mail: wjg@wjgnet.com  www.wjgnet.com

World J Gastroenterol 2004;10(17):2509-2513
World Journal of Gastroenterology
Copyright © 2004 by The WJG Press ISSN 1007-9327

e BASIC RESEARCH e

Effects of motilin and ursodeoxycholic acid on gastrointestinal
myoelectric activity of different origins in fasted rats

Ping Fang, Lei Dong, Jin-Yan Luo, Xiao-Long Wan, Ke-Xin Du, Ning-Li Chai

Ping Fang, Lei Dong, Jin-Yan Luo, Xiao-L ong Wan, Ning-Li Chai,
Department of Gastroenterology, Second Hospital of Xi’an Jiaotong
University, Xi'an 710004, Shaanxi Province, China

Ke-Xin Du, Functiond Center, Medica Schoal, Xi’ an Jaotong University,
Xi’an 710004, Shaanxi Province, China

Supported by the National Natural Science Foundation of China, No.
30170414

Correpondenceto: Professor Lel Dong, Department of Gagtroenterology,
Second Hospital of Xi’an Jiaotong University, Xi’an 710004, Shaanxi
Province, China. pingf7613@sina.com

Telephone: +86-29-83098317 Fax: +86-29-87231758

Received: 2003-10-27 Accepted: 2003-12-29

Abstract

AIM: To investigate gastrointestinal migrating myoelectric
complex (MMC) and the effects of porcine motilin and
ursodeoxycholic acid (UDCA) on MMC of gastrointestinal
tract of different origins in fasted rats.

METHODS: Three bipolar silver electrodes were chronically
implanted on the antrum, duodenum and jejunum. Seven
days later 24 experimental rats were divided into 2 groups.
One group was injected with porcine motilin via sublingual
vein at a dose of 20 pg/kg, the other group was perfused
into stomach with UDCA. The gastrointestinal myoelectric
activity was recorded 1 h before and 2 h after the test
substance infusions into the rats.

RESULTS: In all fasted rats a typical pattern of MMC was
observed. Among the totally 68 activity fronts recorded in
fasted rats under control, 67% started in duodenum, and
33% in antrum. MMC cycle duration and duration of phase
III of antral origin were longer than those of duodenal
origin. Administration of 20 pg/kg porcine motilin induced
a premature antral phase III of antral origin. But perfusion
into stomach with UDCA resulted in shorter MMC cycle
duration, longer duration of phase III of duodenal origin,
which were followed with shorter cycle duration and
duration of antral phase III.

CONCLUSION: In fasted rats, MMC could originate from
antrum and duodenum respectively. The characteristics of
MMC of different origins may contribute to the large
variations within subjects. The mechanisms of different
origins of phase III may be different. Porcine motilin and UDCA
could affect MMC of different origins of the gastrointestinal
tract in fasted state, respectively.

Fang P, Dong L, Luo JY, Wan XL, Du KX, Chai NL. Effects of
motilin and ursodeoxycholic acid on gastrointestinal myoelectric
activity of different origins in fasted rats. World J Gastroentero/
2004; 10(17): 2509-2513
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INTRODUCTION
The migrating myodlectric complex (MMC) isadistinct pattern

of electromechanical activity observed in gastrointestinal tract
during fasting. It is thought to serve a housekeeping role and
sweep undigested residual through the digestive tract. Phase
11 of MMC originates at variable sites in the gut from the
esophagus (especially from antrum and duodenum) to proximal
ileum. Large variationsin MM C characteristics were described
both within subjects and between subjects. The reason for the
large variation in MMC characteristics is unknown. However,
regarding the supposed differencesin mechanismsthat regulate
the phase |11 of MMC of antral or duodena origins, different
origin of phase Ill within subject could be a basis for the
differencesin MMC characteristicd*2.

Moatilin, a22 amino acid peptide secreted by endocrinocytes
in the mucosa of the proximal small intestine, participatesin
controlling the pattern of smooth muscle contractions in the
upper gastrointestinal tract. These bursts of motilin secretion
aretemporarily related to the onset of housekeeping contractions,
which sweep the undigested material of stomach and small
intestine®. Previous studies showed that the enterohepatic
circulation of bile acids and interdigestive motility must
somehow be associated with each other. Phase I11 of MMC
played an important role in the transport of bile acids from the
proximal duodenum to the distal small intestine, wherebile acids
were absorbed for transport back to the liver.

The purpose of the present study was to investigate the
gastrointestinal MM C characteristics with respect to the different
origin of phase Il in fasted rats. Furthermore, the effects of
exogenous porcine motilin and UDCA on the interdigestive
myoelectric activity were investigated and the relationship
between the above two drugs and the MM Cs of different origin
in conscious rats were studied.

MATERIALS AND METHODS

Animal preparation

Twenty-four healthy Sprague-Dawley rats (15 maeand 9female)
weighing 200-250 g were fed with adry rat food, and tap water
for drinking ad libitum. After fasted for one night, the rats
were intraperitoneal ly anesthetized with sodium pentobarbital
30 mg/kg. The hair on the skull and abdomen was shaved. The
surgery was done with sterile instruments, and under strict
aseptic conditions. The abdominal muscul ature and peritoneum
were opened through the linea alba. Three bipolar insulated
silver electrodes made by Teflon-coated wire (0.5 mm in outer
diameter, 20 cm in length) were implanted into the muscul ar
layer of the bowel with aneedle asatrocar. One millimeter of
the wire was exposed near the implanted end, and the interval
between pairs of electrodes should be 2.0-3.0 mm. The
electrodes were placed on the gastric antrum at 5 mm proximal
to the pylorus, on the duodenum and jgjunum respectively at 1 cm
and 15 cm distal to the pylorus. The bundled electrode wires
were grasped by the clamp through a silastic tube (2.4 mm in
diameter), which then passed through the subcutaneous tunnel
from the abdominal incision to the back of the shoulder exit.
During operation theintestinewaskept moigt with terile 9 g/L. NaCl
solution, and 4 mL of this solution was applied intraperitonea ly
before closure of the abdomen to compensate for intraoperative
fluid loss. The abdominal wall was closed in three layers with
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running Vicryl 4-0 sutures. Therats were kept in ahumidified
incubator at 37 °C for 2 to 4 h after operation. Following this,
they were individually housed with free access to water and
food. Housing conditions were kept constant with temperature
at 22 °C, humidity of 60% and a 12-h light/dark cycle. Therats
were allowed to adjust to these conditions for 1 wk before
experiment.

Motility recordings

Ratswerefasted for 16 hwith free accesstowater. Theexperiments
were performed in conscious rats. The gastrointestinal
myoelectric activity recordings were monitored by using an
electrical swivel mechanism to a computerized, multichannel
recorde (RM-6280C, Chengdu, China). Myoel ectric activity was
sampled at arate of 1 kHz. The signals were amplified and
bandpassfiltered (frequencies above 0.3 Hz and below 100 Hz
were cut off). Theamplitudes of contractionswererecorded inpLV.

Experimental procedures

A randomized, placebo-controlled experiment was performed.
The rats were coded and divided into 2 groups, 12 in each
group. On each experimental day, at the beginning of the
experiments, the gastrointestinal myoelectric activity was
recorded for 1 hfor each rat, and during this period at least 2 or
3 MMCsappeared. The substanceswere dissolved immediately
before usein normal saline. In each group, 4 ratswere placed as
control that received placebo (vehicle), 0.2 mL salinecontaining
250 pg bovine serum albumin (BSA, Sigma). One group was
injected with porcine motilin (Sigma) via sublingual vein at a
dose of 20 pg/kg, and the other group was perfused into stomach
with UDCA (Pharmaceutical Factory of Changzhou City)
respectively. After the substances were used, the gastrointestinal
myoelectric activity of the rats was continuously recorded at
least for 2 h. After the conversion from analog to digital, the
signals were stored on optical disk for later analysis.

Statistical analysis

All variablesfollowed anormal distribution and are expressed
as mean+SD unless otherwise stated. The presented meansare
unweighted means, i.e., means of all subjects after first
cal culating the mean within each subject separately. The MMC
characteristics such as MMC cycle duration, duration of phase
[11, mean amplitude and frequency of phase 11 were examined
by usingthe ANOVA model, both beforeand after discrimination
for antral or duodend phase 1l origin effects. The homogeneity
of variancefor each variable, after being divided into antral and
duodenal phase 11 origin effects, was tested and appeared
equal. Within-subject and between-subject effectswereanadyzed
by the ANOVA model. For the MMC cycle duration, the
corresponding variance components between and within
individua swere used to cal cul ate the variance between individuals
as apercentage of thetotal variance. To explain theimportance
of the factor preceding phase Il originin thetotal variance, the
sum of squares of the factor preceding phase 111 origin was
calculated as a percentage of the total sum of squaresin the
ANOVA modd . Theeffectsof unfamiliarity with gastrointestinal
catheter studies on MMC cycle duration was examined using
the ANOVA model. Student’s t test was used to compare the
different paired values before and after the test substances
administration in the above 2 groups. Statistical significance
was defined as two-tailed P<0.05.

RESULTS

MMC characteristics of different origin

In all fasted ratstypical pattern of MM Cs were observed. The
total number of MM C cyclesrecorded was 68. The mean MMC
cycle duration was 746+140 s. In total, phase |11 cycles were

observed with 23 (33%) of antral originand 45 (67%) of duodenal
origin. Fifty-nine percent of the total variancein MMC cycle
duration was explained by the within-subject variance. The
duration and the amplitude of phase I11 were significantly
different between subjects (P<0.05; Table 1). Thelarge variation
inMMC cycledurationisvisiblein Figure 1. The MMC cycle
duration following aphase |11 of antral origin was significantly
longer than those of duodenal origin (P<0.05; Table 2). When
thefactor preceding phase 111 origin wasincluded in our model,
this factor contributed significantly to the total variation in
MMC cycle duration; 31% of the total sum of squares was
explained by thefactor preceding phase 11 in comparison to 36%
explained by the between-subject variance. The duration of
phase 1 for duodenum was significantly longer when it started
in the antrum than in the duodenum (P<0.05). The other
characteristics of MMC for duodenum were not significantly
different between the phase 111 of the above two origins.

Table 1 MMC characteristics in 24 normal rats

MMC characteristics mean=SD
MMC cycle duration/s 7461402
Duration of phase I11/s 214+53¢2
Amplitude of phase IHI/pV 287+23¢2
Frequency of phase I11/(bursts/min) 11.4+0.3

Values are shown for duodenum.?P<0.05 vs between subjects.

Table 2 MMC characteristics of different origin of ongoing
phase Il (n = 24, mean%SD)

MMC characteristics After phase Il

of antral origin

After phase Il
of duodenal origin

MMC cycle duration/s 90174 667+912
Duration of phase I11/s 271+30 186+352
Amplitude of phase I11/pV 292+17 284+25
Frequency of phase I11/ 11.2+0.5 11.6+0.2

(bursts/min)

Values are shown for duodenum. ?P<0.05 vs antral.
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Figure 1 MMC cycle duration of all subjects following phase
111.Q) antral origin; 4 | duodenal origin; Solid line: antral mean
MMC cycle duration (746.3); Dotted line: duodenal mean MMC
cycle duration (667.0).

Effects of porcine motilin and UDCA

Theeffectsof porcine motilin on theinterdigestive gagtrointesting
myoelectric activity were established within 1 to 2 min after the
injection via sublingual vein at adose of 20 ug/kg. A premature
antral phase 11 which did not migrate caudad to the duodenum
and jejunum was observed. And one injection only induced
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one premature antral phasel11. The characteristics of premature
antral phaselll weredifferent significantly from those of normal
antral phase I11. The shorter duration and higher amplitude of
premature antral phase |11 appeared (Figure 2). The effects of
UDCA ontheinterdigestive gastrointestinal myoelectric activity
were established within 3to 4 min after the stomach was perfused
of UDCA. The shorter MMC cycle duration, and the longer
duration of phaselll of duodenal origin, followed by the shorter
cycle duration and duration of antral phase 111 were observed.
There was no significant difference in the other parameters of
MMC of antrum and duodenum before and after the treatment
(Figure 3, Table 3). Furthermore, there was no significant
differencein the MM C characteristics before and after placebo
treatment in the above 2 experiments.

Table 3 Effects of UDCA on the interdigestive gastrointesti-
nal myoelectric activity (n = 8, mean+SD)

Antrum Duodenum

MMC characteristics

Before After Before After

The number of MMC 7 11 11 21
MMC cycle duration/s 885+106 800+48*  780+45 602+782
Duration of phase 111/s 161+13 113+19* 1569  241+20*

284120
3.2+0.6

288+22 285%19
11.2+1.6 11.5+1.8

Amplitude of phase I11/pV 29711
Frequency of phase I11/ 3.1+0.5
(bursts/min)

3P<0.05 vs before treatment.

20 pg/kg porcine motilin injection via sublingual vein

il

A: Antrum

—

B: Duodenum

C: Jejunum

Figure 2 Effects of porcine motilin on the interdigestive gas-
trointestinal myoelectric activity in one case.

UDCA perfusion

! i

A: Antrum

B: Duodenum

C: Jejunum
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Figure 3 Effects of UDCA on the interdigestive gastrointesti-
nal myoelectrical activity in one case.

DISCUSSION

Gastrointestinal motility pattern could mainly be divided into
the interdigestive and digestive states. The interdigestive state

ischaracterized by thecyclica occurrence of activity front, phase
[11 contractions, which could occur in the antrum, duodenum and
migrate to the small intestine. The digestive sate is characterized
by sustained contractionswith different amplitudein the gastric
antrum and small intestine. In our experiments, atypica pattern
of MMC in interdigestive state was observed in al rats. The
phases of the MMC can be distinguished: phase |11, motor
quiescence, phase I11, aperiod of irregular contractile activity
and phase I11, a period of rhythmic contractions. The MMC
pattern was disrupted by feeding, and irregular contractions
with different amplitude were sustained in the antrum,
duodenum and jegjunum for at least 30 min after feeding. MMC
was firstly described in the small intestine of fasting dogs and
observed in the overall gastrointestinal tract of several species,
including rats*®. In our study they have also been found in
gastric antrum and small intestine. A method that could record
the gastrointestinal myoelectrical activitiesin physiological
conditionswas established in our experiment. Themodel we have
developed seemed to be suitable for studying the gastrointestinal
myoelectric activities. The effects we obtained could be
attributed to neither sedatives nor operative stress because of
the method unableto record the gastrointestina motility without
the use of anesthesia. Furthermore, the surgical operations
werewell tolerated by the animals, especialy by small animals.
At present the method of stationary manometry was used in
most of the experiments of thisfield"®. But it is not suitable for
small animal experiments. Our method was simple, easy and
successful. Few tissue wasinjured. Severa pairs of electrodes
could be implanted and work stably and repeatedly. The
experimental techniques would be helpful for further studying
the mechanisms of gastrointestinal motility.

A typical pattern of MM C was observed in all fasted rats.
Among the totally 68 activity fronts recorded in them under
control, 67% started in the duodenum, and 33% in the antrum.
The MMC cycle duration and duration of phase Il of antral
origin were longer than those of duodenal origin. The MMCs
were subject to large variations in its characteristics, both
between subjects and within subjects. The reason for thiswide
variation is unknown. Our results contributed to a better
understanding of this variation. Our study showed that MMC
characteristics had close relationship with the origin of phase
[11. But Gregersen et al. described apositive correlation between
the duration of phase Il in the duodenum and the duration of
the next MMC cycl€e®. They could not attribute this to a
differencein origin of phaseIll, most likely due to the limited
number of observations within each subject. The percentages
of antral and duodenal originated phase |11 observed within a
subject would strongly affect the mean MMC cycle duration of
this subject aswell asthe overall mean of agroup of subjectg'®,
An explanation for the differencesin MM C cycle duration and
duration of phase 111 wasthat it might imply differencesin the
mechanism controlling interdigestive motility in antrum and
small intestine. Thismay reflect functional differencesexisting
inthe hormona mechanismsinvolved in theregulation of antral
and duodenal phase 1. It was thought that a difference might
exist in the refractory period between the gastric antrum and
small intestine, with ashorter refractory period in the duodenum
compared with the antrum. Another possible reason may be
the anatomic structure of rats. Because there is no gallbladder
in rats, bile acids secreted to duodenum directly. In addition,
our study could not explain why the density and the sensitivity
of receptor in gastrointestinal tract changed!*>31,

The mechanisms regulating MMC is not understood
completely. Previous study showed that the area postrema of
medulla oblongata, vagal innervation, enteric nervous system
and gastrointestinal hormone could regulate the MM C. Among
them motilinin plasmaplaysavery critical roleintheinitiation
of MMC. Matilin is one of the gastrointestinal hormones. It
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belongs to gut-brain peptide and distributes in the brain and
gastrointestinal tract!*+?2. Plasmalevels of the matilin fluctuate
in synchrony with the different phase of MMC. Matilin could
stimulate the gastrointestinal motility of many animals, and
therewerespeciesdifferencesinitseffectd®. After duodenectomy,
no obvious phaselll contractionswere seen in the gastric antrum,
but the contractile response of the stomach to exogenous
motilin was similar to that of intact dogg?!. This experiment
showed that endogenous motilin was released from duodenum.
One research showed that the motilin could activate calcium
current in human and canine jejunal circular smooth muscle.
Furthermore, the density and sensitivity of motilin receptor of
different parts of gastrointestinal tract were different. But
recently the close relationship between motilin and MMC of
antral but not duodenal origin was found®!. Porcine motilin
could influence the MMC of antral origin in our experiment.
Administration of 20 pg/kg porcine motilin could induce a
premature antral phase Il in rats. The characteristics of it were
different significantly from those of normal antral phaselll. But
the results of our experiments were coincident with previous
studies. Maybe the density and sensitivity of matilin receptor of
antrum were higher than those of other parts of gastrointestinal
tract!®2™¥, Some studies showed that duodenal pH governed
interdigestive motility in humans. But neither duodenal
acidification nor increasesin motilin concentration were necessary
to initiate MM C in mani®, Administration of alow dose of
erythromycin induced an MMC that started from the gastric
antrum, unaccompanied by a motilin peak. These findings
showed that the activation of motilin receptor triggered the
MMC.

Another important factor influencing MM C is enterohepatic
cycle of bile acids. The enterohepatic cycle of bile acids had
close relationship with MMC. The possible explanation was
that the development of MMC of duodenal origin was not
autonomous but dependent on the stimulation of bile acidsto
the local mucous of duodenum. Furthermore, duodenum,
possibly by releasing endogenous motilin, might recruit and
further augment the gastric response to initiation of the MMC
of antral origin?”??, So there are maybe two mechanisms for
initiation of MMC in the stomach and duodenum. In our
experiment perfusion into stomach of rats with UDCA could
shorten the MMC cycle duration and elongate the duration of
phase |11 of duodenal origin, which was followed by the
contractions of antrum within a short time. We suggest that
UDCA may drain into the duodenum influencing the MM C of
duodenal origin and stimul ate the rel ease of endogenous motilin
from the mucous of duodenum, because crushing the
gdl Ibladder of patient during operation could g ect the bile acids
and induce a higher level of plasma moatilin. On the contrary,
some researchers thought that bile aids in duodenum could
not induce the release of motilin and affect the MM C!®., In the
study of patients with gallstone, the motilin in plasma did not
decrease obviously vs control group. But according to the
above supposition, we could infer that the motilin in plasma
should decrease obviously compared with control group
because the motility of gallbladder decreased in most of the
patients. The results obtained from this experiment did not
coincident with those of previousexperiments. Another research
showed that the kinetics of duodenum did not change significantly
after cholecystectomy. So these studies did not support the
local stimulatory theory3%3, But one study showed that the
occurrence of MMC had close relationship with the increase of
the plasma concentration of motilin and bile acids. Maybe it
could explain the contradiction in this respect to some extent!™.
But our study could not draw this conclusion.

Gastrointestinal motility disorder is common in clinical
practice, and studying the mechanisms of it is very important
to its diagnosis and therapy. Our study showed that the

mechanisms of different origin of phase I1l may be different and
porcine motilin and UDCA could affect the MMC of different
origin of the gastrointestinal tract in fasting state respectively.
This may provide novel treatments for patients with disturbed
gut motility.
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Abstract

AIM: Menoease Pills (MP), a Chinese medicine-based new
formula for postmenopausal women, has been shown to
modulate the endocrine and immune systems!*!. The present
study investigated the effects of MP and one of its active
ingredients, ligustrazine, on epithelial barrier and ion transport
function in a human colonic cell line, Tsa.

METHODS: Colonic transepithelial electrophysiological
characteristics and colonic anion secretion were studied using
the short circuit current (Isc) technique. RT-PCR was used to
examine the expression of cytoplasmic proteins associated
with the tight junctions, ZO-1(zonula occludens-1) and Z0-2
(zonula occludens-2).

RESULTS: Pretreatment of Tg4 cells with MP (15 pg/mL) for
72 h significantly increased basal potential difference,
transepithelial resistance and basal Isc. RT-PCR results showed
that the expressions of ZO-1and ZO-2 were significantly
increased after MP treatment, consistent with improved
epithelial barrier function. Results of acute stimulation
showed that apical addition of MP produced a concentration-
dependent (10-5 000 pg/mL, ECs, = 293.9 ug/mL) increase
in Isc. MP-induced Isc was inhibited by basolateral treatment
with bumetanide (100 umol/L), an inhibitor of the Na*-
K+-2ClI- cotransporter, apical addition of CI- channel
blockers, diphenylamine-2, 2'-dicarboxylic acid (1 mmol/L) or
glibenclamide (1 mmol/L), but not 4, 4'-diisothiocyanostilbene-
2, 2'-disulfonic acid or epithelial Na+ channel blocker,
amiloride. The effect of MP on Z0-1 and Z0-2 was mimicked
by Ligustrazine and the /igustrazine-induced Isc was also
blocked by basolateral application of bumetanide and
apical addition of diphenylamine-2, 2’-dicarboxylic acid or
glibenclamide, and reduced by a removal of extracellular CI.

CONCLUSION: The results of the present study suggest
that MP and /ligustrazine may improve epithelial barrier
function and exert a stimulatory effect on colonic anion
secretion, indicating the potential use of MP and its active
ingredients for improvement of GI tract host defense and
alleviation of constipation often seen in the elderly.

Zhu JX, Yang N, Zhang GH, Tsang LL, Gou YL, Wong HYC,
Chung YW, Chan HC. Improvement of barrier function and
stimulation of colonic epithelial anion secretion by Menoease
Pills. World J Gastroentero/ 2004; 10(17): 2514-2518

http://www.wjgnet.com/1007-9327/10/2514.asp

INTRODUCTION

It iswell known that the gastrointestinal (Gl) epithelium of the
host, as the first defense line, plays an important role in
protecting enteric epitheliafrom invasion of most pathogens.
Intestinal epithelial barrier function regulates epithelial ions
and nutrient transport as well as host defense mechanisms.
Epithelial membrane pumps, ion channels and tight junctions
tightly control epithelial transcellular and paracellular fluxes?3.
Cl- secretion also provides an essential driving force for
lubrication of intestina contentsduring regular bowel movements
or flushing of microbial organismsor artificial irritantsin host
defense responses*®.. Epithelial Cl- channels play animportant
rolein regulation and maintenance of normal Gl physiological
functions. Abnormal regulation of Cl- channels may result in
diarrhea®® or constipation!®*. While the later represents one
of the frequently encountered conditions in aged people, few
remediesareavailablefor dleviation of the conditionintheelderly.

Menoease Pills (Modified Bak Foong Pills, MP), anewly
developed formulabased on traditional Chinese medicine Bak
Foong Pills (BFP, aso known as Baifeng Wan)™1, has been
designed for the use of postmenopausal women. It has been
demonstrated that M P can regulate hormonal profiles (Gou et al,
unpublished data) and immune system in the elderly!™,
indicating its beneficial effects for postmenopausal or elderly
women. Since our previous studies have demonstrated that
BFP could increase colonic epithelial Cl- and pancreatic duct
epithelia HCO; secretion**1519 and both BFP and MP have a
common active ingredient, ligustrazine, we undertook the
present study to examine whether MP and ligustrazine exerted
any effect on Cl- secretion and epithelial electrophysiological
characteristics using human colonic Tg, cellsin conjunction
with the short-circuit current technique and RT-PCR.

MATERIALS AND METHODS

Chemicals and solutions

Dulbecco’s Modified Eagle’s medium (DMEM)/F12, Hank’ s
balanced sdt solution (HBSS), and fetal bovine serum werefrom
Gibco Laboratories(New York, NY). 4, 4’ -diisothiocyanostilbene-
2,2 -disulfonicacid (DIDS) and glibenclamidewerefrom Sigma
(St Louis, MO). MPwasobtained from Eu Yan Sang Ltd (Hong
Kong). Diphenylamine-2, 2'-dicarboxylic acid (DPC) was
purchased from Riede -deHaen Chemica s (Hannover, Germany).
Calbiochem (San Diego, CA) was the source for amiloride
hydrochloride and bumetanide. Krebs-Henseit (K-H) solution
had the following composition (mmol/L): NaCl, 117; KCl, 4.5;
CaCl,, 2.5; MCl,, 1.2; NaHCO;, 24.8; KH,PO,, 1.2; glucose, 11.1.
The solution was gassed with 950 mL/L O, and 50 mL/L CO,,
atpH74.
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MP extraction

Five hundred gram of MP powder in 700 mL/L ethanol at aratio
of 1to 10 (g/mL) was put in round-bottomed flask and boiled
under reflux for 2 h . The mixture wasfiltered and the residues
of MP were subject to the same treatment for a second time.
Thefiltrates from the two treatment procedures were collected
and put in the vacuum rotary evaporator for concentration.
The extracts were collected and lyophilized by afreeze dryer.

Cell culture

Human colonic Tg, cellswere purchased from American Type
Culture Collection (Rockville, MD). The cellswere grown in
DMEM/F12with 100 mL/L fetal bovineserum. For | recording
the cells (2-3x10°/mL) were plated onto each floating permeable
support, which was made of a Millipore filter with asilicone
rubber ring attached on top of it for confining the cells (culture
area 0.45 cm?). For the RT-PCR analysis, cells were seeded on
the Millipore filter with a confined culture area of 4.5 cm?.
Cultureswereincubated at 37 °Cin 950 mL/L O, and 50 mL/L
CO, for 6 d before experiments. For the experiments of MP and
ligustrazine pretreatments, MP (15 pg/mL) or ligustrazine
(100 pmol/L) was added into the culture medium at 72 h before
experiments, when the cells became semi-confluent.

Short-circuit current measurement

The measurement of 1 has been described previously!*.,
Monolayers grown on permeable supports were clamped
vertically between two halves of the Ussing chamber. The
monolayers were bathed in both sides with Krebs-Henseit
solution, which was maintained at 37°C by a water jacket
enclosing the reservoir. The Krebs-Henseit solution was
bubbled with 950 mL/L O, and 50 mL/L CO, to maintain the pH
of the solution at 7.4. Drugs could be added directly to apica or
basal side of the epithelium. Usually, the epithelia exhibited a
basal transepithelial potential difference for every monolayer
examined, which was measured by the Ag/AgCI reference
electrodes (World Precision Ingtruction) connected to apreamplifier
whichwasin turn connected to avoltage-clamp amplifier (World
Precision Instruction, DV C-1000). In most of the experiments,
thechangein Isc was defined asthe maximal risein|s:following
agonist stimulation and it was normalized to current change
per unit area of the epithelial monolayer (LA/cm?). The total
charges transported for 15 min (the areaunder the curve of the
agonist-induced |5 responses) were also used to describe the
agonist-induced responses (UC/cm?). In each experiment, a
transepithelial potential differencewas0.1 mV. The changein
current in response to the applied potential was used to calculate
the transepithelial resistance (TER) of the monolayer using
Ohm’s Law. Experiments were normally repeated in different
batches of culture to ensure that the data were reproducible.

Reverse transcription PCR (RT-PCR) analysis

Total RNA (15 pg) was extracted from the Tg, (control, MP and
ligustrazine pretreated). Expressions of ZO-1 and ZO-2 were
analyzed by competitive RT-PCR. Thespecific oligo nuclectide
primersfor ZO-1wasCGGTCCTCTGAGCCTGTAAGfor sense
and GGA TCTACATGCGACGACAA for antisense
corresponding to nucleotides 3 100-3 470 with an expected cDNA
of 371 bp™, andfor ZO-2wasGCCAAAACCCAGAACAAAGA
for sense and ACTGCTCTCTCCCACCTCCT for antisense
corresponding to nucl eotides 3 018-3 283 with an expected cDNA
of 212 bp*®. GAPDH was used as an internal marker for semi-
guantitative analysis of expressions of ZO-1 and ZO-2 of Tg,
cells. The specific oligonucleotide primers for GAPDH were
TCCCAT CACCAT CTT CCA Gfor senseand TCCACCACT
GAC ACG TTG for antisense corresponding to nucleotides
249-764 bp with an expected cDNA of 515 bp?,

Dataanalysis

Resultswereexpressed asmeantSD. The number of experiments
represents independent measurements on separate monol ayers.
Comparisons between groups of datawere made by Student’s
t-test. A P value less than 0.05 was considered statistically
significant. ECs, val ueswere determined by nonlinesr regression
using GraphPad Prism software.

RESULTS

Effectof pretreatmentwith MP on electrophysiological characteristics
Pretreatment of T, cellswith MP 15 pg/mL (n=15) for 72 h
significantly increased the basal transepithelial potential
differencefrom 0.39+£0.07t02.27+0.59 mV (Figure 1A, P<0.01),
basal |5 from 3.05+0.44 to 7.14+1.80 pA/cm? (Figure 1B,
P<0.05) and transepithelial resistance (TER) from 0.14+0.01 to
0.37+0.04 uCfen? (Figure 1C, P<0.001).

Effect of pretreatment with MP on expressions of ZO-1 and ZO-2
In order to see weather MP-induced TER increase was related
to the cytoplasmic proteins associated with tight junctions,
Z0O-1(zonulaoccludens-1) and ZO-2 (zonula occludens-2), we
used RT-PCR analysisto examine the expression levels of ZO-1
and ZO-2 in Tg, cells (Figure 2A). Semi-quantitative analyses
showed that the expression levels of both ZO-1 and ZO-2 after
MP pretrestment were significantly eevated, theratio of ZO-1to
GAPDHwasfrom0.46+0.08t00.81+0.10(h=6, P<0.05, FHigure2B),
and the ratio of ZO-2 to GAPDH was from 0.76x0.12 to 1.
27+0.12 (n=4, P<0.001, Figure 2C), indicating the enhancement
of epithelial barrier function.

MP-induced Isc response

Asshown in Figure 3, apical addition of MP (10-5000 pg/mL)
produced an |sc increase which was concentration-dependent
(Figure 3A) with an apparent EC, of about 293.9 pg/mL (Figure
3B). MP-induced changesin | sc were cal cul ated astotal charges
transported for 15 min (uC/cm?, the areaunder the curve of the
MP-induced | s responses for the given time period) since the
current kinetics did not sustain. MP at 10, 50, 100, 500, 1 000
and 5000 pg/mL produced | increases of 306.7+25.5 (n=4),
673.3£91.3 (n=4), 1380.0£119.4 (n=4), 7624.0£309.7 (n =5),
9580.0+734.9 (n = 6) and 10053.3+979.1 pC/cm? (n = 4),
respectively.

Anion dependence of MP-induced Is¢

In order to study the ion species involved in mediating MP-
induced | ¢, aNa" channel blocker, amiloride and acouple of CI-
channel blockers, DPC, glibenclamide and DIDSwereexamined
(Figure 4). The changein |- was defined asthe maximal risein
Iscfollowing MP stimulation and it was normalized to current
change per unit areaof the epithelial monolayer (LA/cm?). DPC
(2 mmol/L, n=4, Figure4A) or glibenclamide (1 mmol/L, n=5)
added to the apical side reduced MP (500 pg/mL)-induced
responsesfrom 10.0+0.97 pA/cm?to 1.78+0.18 pA/cm? (P<0.01)
or from 9.4440.49 pA/cm 2 to 1.39+0.5 pA/cnm? (P<0.001)
respectively, but apical addition of amiloride (10 pmol/L, n=4)
or DIDS(100 umoal/L, n=4) had no significant effects(Figure4B).
Basolateral addition of bumetanide (100 umol/L, n=6), astrong
inhibitor of the Na'-K*-2Cl- cotransporter reduced the MP-
induced Isc from 9.33+£0.64 to 2.31+0.74 pA/cm? (Figure 4B,
P<0.01).

Mimicking effects of MP by ligustrazine

Similar to the effects of pretreatment with MP, treating T, cells
with ligustrazine, one of the activeingredients of MP, for 72 h
alsoincreased thelevelsof ZO-1 and ZO-2, theratio of ZO-1to
GAPDH wasraised from 0.46+£0.08t00.65+0.11 (n =6, Figure 2B)
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Figure 1 Effects of MP pretreatment on transepithelial electrophysiological characteristics. Comparison of potential difference
(A) transepithelial Isc (B) and transepithelial resistance (C) in Tg, cells with and without MP (15 ug/mL, 72 h) pretreatment. Values
are meanSE; @®P<0.01; *®P<0.05; “9P<0.001.
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Figure 2 RT-PCR analyses of mMRNA expressions of ZO-1 and ZO-2 in Tg, cells. (A) RT-PCR results with products as expected of
Z0-1 and ZO-2 found in control, MP pretreatment and ligustrazine pretreatment. Semi-quantitative analyses of ZO-1 (B) and ZO-2 (C)
expressions in Tg, cells without and with MP or ligustrazine pretreatment, which were shown in ratio of ZO-1 or ZO-2 to GAPDH
(internal marker). Values are mean+SE; 2P and "©P<0.05; “9P<0.001.
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Figure 4 Anion dependence of MP-induced Isc. A: Representative Isc recording with arrows indicating the time for apical
addition of MP (500 pg/mL) and DPC (1 mmol/L). B: Summary of the effects of DPC (1 mmol/L, apical), glibenclamide (1 mmol/L,
apical), bumetanide (100 pmol/L, basolateral), amiloride (10 pmol/L, apical) and DIDS (100 pmol/L, apical) on MP-induced Isc. Values
are meanzSE; °P<0.01.
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Figure 5 Anion dependence of ligustrazine-induced Isc. A: Representative lsc recording with arrows indicating the time for apical
addition of ligustrazine (1 mmol/L) and glibemclamide (1 mmol/L). B: Summary of the effects of removal of extracellular CI-,
basolateral addition of bumetanide (100 pumol/L) and apical addition of DPC (1 mmol/L) on ligustrazine-induced lsc. Values are

mean4SE; 9P, °P and 'P<0.001.

andtheratio of ZO-2to GAPDH wasfrom 0.76+0.12to 1.33+0.07
(n=4, P<0.001) (Figure 2C).

Acute stimulation with ligustrazine (1 mmol/L, apical side)
produced a current increase which was similar to that induced
by acute addition of MP (0.5 mg/mL, apical) (n = 6, Figure 5A).
Removal of ClI- from KHS (n = 4), apical addition of DPC or
glibenclamide (1 mmol/L) (n=3) and basolateral administration
of bumetanide (100 mmol/L) (n = 3) reduced ligustrazine-
induced current increasesby 79.9% (P<0.001), 82.4% (P<0.001)
and 96.2% (P<0.001), respectively (Figure 5B).

DISCUSSION

The present study has provided scientific evidence for the
pharmacological action of MP, a Chinese medicine-based
formulafor postmenopausa women, onthe Gl tract. Theresults
demonstrated that MP could stimulate CI- secretion in human
colonic epithelia cell line Tg,. The supporting evidenceincludes:
MP-induced responseswereinsensitiveto Na“ channd blockers;
the response was inhibited by Cl- channel blockers; and
subgtantialy inhibited by the Na'-K*-2Cl-cotransporter inhibitors.
The stimulatory effects of MP on colonic anion secretion were
mimicked by itsactiveingredient, ligustrazine. Sinceligustrazine
isan activeingredient common in both MP and BFP, atraditional
formula previously shown to stimulate anion secretion by Gl
tract epithelid'*1>9, the present results suggest that Ligustrazine
may be one of the responsibleingredientsinvolved in mediating
the secretory effects of both MP and BFP.

Apart from its acute stimulatory effects on colonic anion
secretion, MP, by treating Tg, cellsfor 72 h, wasa so demonstrated
to significantly alter the electrophysiological characteristics of
the colonic epithelia. Increasesin transepithelial potential and
basal |sc may represent an increased driving force for anion
secretion and basal secretion, respectively. Theseresultsindicate
long-term treatment of M P can promote col onic anion secretion,
consistent with itsacute effects. On the other hand, pretrestment
of Tg, cellswith MP alsoincreased thetransepithelial resistance,
indicating its effect on improving epithelial barrier function.
This was confirmed by RT-PCR results, which showed that
pretreatment with MP significantly up-regulated gene expressions
of tight junction related proteins, ZO-1 and ZO-2. Similar results
were obtained using Ligustrazine, suggesting that ligustrazine
was able to improve barrier function in addition to colonic
secretion. It has been reported that an elevation of intracellular
calcium could decrease the tight junction resistance in Tg,
monolayers?!. Since Ligustrazine has been shown to decrease
intracellular Ca2* by inhibiting Ca?* entry and/or Ca?* rel easd 223,
ligustrazine as well as ligustrazine-containing MP may
strengthen tight junctions, thereby enhancing transepithelial
resistance. In fact, we have found that intracellular calcium

could also be reduced by an apical addition of MP (data not
shown), indicating a possible mechanism for improving barrier
function. Further studies may be required to understand the
detailed mechanisms.

Taken together, the present results have demonstrated that
MPand Ligustrazine exert astimul atory effect on gastrointestina
Cl- secretion and improvement of epithelial barrier function.
Since MPis designed for postmenopausal or elderly women,
its demonstrated effects on the colonic epithelia, in addition to
itsbeneficial effect on endocrine (Gou et al., unpublished data)
and immune systems previously shown'™, suggest that MP and
itsactiveingredient, ligustrazine, may be used to aleviate some
of the Gl tract disorders, such as infection and constipation,
often seen in the elderly.
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Abstract

AIM: To study morphologic and biomechanical changes of
oesophagus in diabetes rats.

METHODS: Diabetes was induced by a single injection of
streptozotocin (STZ). The type of diabetes mellitus
induced by parenteral STZ administration in rats was
insulin-dependent (type I). The samples were excised
and studied /n vitro using a self-developed biomaterial
test machine.

RESULTS: The body mass was decreased after 4 d with STZ
treatment. The length of esophagus shortened after 4, 7,
14 d. The opening angle increased after 14 d. The shear,
longitudinal and circumferential stiffness were obviously
raised after 28 d of STZ treatment.

CONCLUSION: The changes of passive biomechanical
properties reflect intra-structural alteration of tissue to a
certain extent. This alteration will lead to some dysfunction
of movement. For example, tension of esophageal wall
will change due to some obstructive disease.

Zeng Y], Yang J, Zhao JB, Liao DH, Zhang EP, Gregersen H,
Xu XH, Xu H, Xu CQ. Morphologic and biomechanical changes of
rat oesophagus in experimental diabetes. World J Gastroentero/
2004; 10(17): 2519-2523

http://www.wjgnet.com/1007-9327/10/2519.asp

INTRODUCTION

Esophagusisadistensible muscular tube that connects pharynx
and stomach. The function of the esophagus is to transport
food by peristaltic movement, which is the result of the
interaction of the tissue forces in the esophageal wall and the
hydrodynamic forces in the food bolus. Esophagus has been
studied by radiography!™, concurrent videofluoroscopy and
manometry?3¥, high-frequency ultrasonography*®, and
endoscopic sclerotherapy!™®. Motility disorders’®, bolus
transport™*Y, systemic sclerosig™?, pain*¥, wall distensibility®,
impedance planimetric characterization* and the effects of
epidermal growth factor™ on esophagus have been reported

in many papers. Since the function of esophagus is mainly
mechanical, our work was focused on providing quantitative
measurement of passive biomechanical properties of esophagus.
Many investigations on biomechanics of esophagus are
available in the literature®®'7, Gregersen et al. studied strain
digribution in the layered wal (39, relation between pressure and
cross-sectiona ared® and other biomechanica propertied?-2
of esophagus. A more recent work used a novel ultrasound
technique to study the biomechanics of the human esophagus
in vivol?, Patel represented biomechanical and sensory
parameters of the human esophagus at four level 9%, Researchers
have done alot biomechanical studies on gastrointestinal tract
such asintestind®?1, small intesting?*2, ileum®, duodenum/>*
and large intesting®3,

Most previous studies have explained the relationship
between the diabetes and gastrointestinal tract function*"%,
Some researches studied relationship between esophageal
dysfunction and neuropathy'®, oesophagus scintigraphy!“”
and the rel ationship between esophagea motility and transitiY
in diabetic patients. More recently, Jorgensen reported tension-
strain relations and morphometry of rat small intestine in
experimental diabetes*?. Zhao introduced the remodeling of
zero-stress state of small intestine in streptozotocin-induced
diabetic rats*.

This paper presents the effect of experimental diabetes on
themorphologic and biomechanical properties of the esophagus.
The result of this study indicated that experimental type |
diabetes caused significant changesin the passive biomechanical
propertiesin the rat esophagus.

MATERIALS AND METHODS

Materials

Diabetes was induced by a single injection of streptozotocin
(STZ). The form of diabetes mellitus induced by parenteral
STZ adminigtrationin ratsisinsulin-dependent (typel). Twenty-
seven rats were divided into 4 groups according to the survival
timeafter STZ treatment: 4d (n=7),7d(n=7),14d(n=7),28d
(n=6). Another 8 ratswere used asnormal controls. The samples
were taken from the middle part of esophagus. Two rings were
cut from each end of the sample to measure the geometric
parameters of the no-load state and the opening angle at zero-
stress state. The remaining part was excised and studied in vitro
using a self-devel oped biomaterial test machine.

Methods

Using this machine, the esophagus was stepwise elongated
and inflated and continuously twisted in circumferential-
longitudinal direction. Inthenormal controlsand 28 d of diabetes
group, after the intact esophagus was tested, the mucosa and
muscle layers were separated using microsurgery and tested in
the same | oading procedure as mentioned above. The esophagus
was treated as a membrane when the stress and strain were
calculated, the longitudinal and circumferential stresses were
considered to be evenly distributed along the wall thickness
whiletheradial stress and other transverse shear stresses were
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ignored. The torque vs twist-angle relation was approximately
linear at a specified pressure and longitudinal stretch ratio.
Thus, the shear modulus can be computed by the torque, twist
angle and polar moment of inertia at this state. However, the
shear modulus varied greatly with the changing inflation
pressure and longitudinal stretch ratio.

B —

1 1

pavy

H

w N
H

Figure 1 Simplified diagram of biomaterial test machine.l:
Linear stage, 2: Torque transducer, 3: Organ bath, 4: Specimen,
5: Force transducer, 6: Motor for axial rotation, 7: Pressure
transducer, 8: Infusion channel, 9: Motor for linear stage, 10:
Rails for linear stage, 11: CCD camera, 12: Plastic rod.

RESULTS

Type | diabetes could induce the following effect on the
biomechanical and morphologic properties of esophagus: body
weight and morphology, shear modulus, circumferential and
longitudinal stress-strain relationship, stress-strain rel ationship
of muscle layer and mucosalayer.

Body weight and morphology

Thebody mass kept a steady increase in the control rats. But
it went down after 4 d in the diabetesrat (Figure 2A). Thelength
of esophagusin vivo obviously declined after 4, 7, 14 d, but it
would return to normal level after 28 d (Figure 2B). The mass
per unit lengh in vitro changed little (Figure 2C). In the intact
esophagus, the opening angle increased after 14 d of STZ
treatment (Figure 2D).

Shear modulus
Changes of elastic shear moduli in the course of diabetes
development at longitudinal stretch ratio A, = 1.5 and various

A 300 Body mass
250 a
200
150
100
50

Weight (g)

1 2
0 Od 0 30

0

Weight per unit length

Weight perunit
length (g/cm)

transmural pressure are shown in Figure 3A. Elastic shear
moduluswould risewithincreased transmura pressure. Especialy
whentranamurd pressurewasmorethan 0.25 kPa, the shear modulli
for various transmurd pressure were remarkably different. And
diabetes has notably affected the shear modulus. This effect
showed that shear moduli are obvioudly increased after 28 d.

Changes of elastic shear modulusin the course of diabetes
development at transmural pressure P = 1 kPa and various
longitudina stretch ratio are pictured in Figure 3B. Elastic shear
modulus would rise with increased longitudinal stretch ratio.
Shear moduli were remarkably different at variouslongitudinal
stretch ratios. And diabetes has notably affected the shear
modulus. This effect demonstrated that shear moduli were
obviously increased after 28 d of STZ treatment.

Circumferential and longitudinal stress-strain relationship
Figure 4A shows the changes of circumferential stress-strain
relationship in the course of diabetes development at
longitudinal stretch ratio A, = 1.5 and various transmural
pressure. All curves of experimental group inclined to left side
except that after 4 d. Thecurve after 28 d wasonthemost Ieft side.
Thecircumferentia stiffnessincreased after 7, 14, 28 d of diabetes.
The changes of longitudinal stress-strain relationship in the
courseof diabetes development at transmurd pressure P = 0.25 kPa
and variouslongitudinal stretch ratio are pictured in Figure 4B.
The stress-strain curve after 28 d was obviously inclined to left
side. So the longitudinal stiffness notably increased after 28 d.

Stress-strain relationship of muscle layer and mucosa layer
The circumferential stress-strain relationship of muscle layer
and mucosa layer in the process of inflation at alongitudinal
gretchratio of 1.5ispictured in Figure 5A. And the experimental
diabeteswas after 28 d. For muscle layer, there was no obvious
difference between the control and diabetes groups. For mucosa
layer, the stress-strain curve moved to left sidein parallel. So
circumferential stiffness of mucosa layer with diabetes was
larger than that of control.

Figure 5B shows longitudinal stress-strain relationship of
muscle layer and mucosa layer in the process of elongation at
atransmural pressure of 0.25 kPa. For muscle layer, there was
no obvious difference between control and diabetes groups.
There was no notable difference for mucosa layer either.

In vivo length

Opening angle a
a

Figure 2 Changes of body mass and esophagus morphology and opening angle at zero-stress state in the process of diabetes
development. Dunner’s test result: significant difference vs normal control (*P<0.05). A: Change of body mass, B: Change of in vivo
length, C: Change of mass per unit length, D: Change of opening angle.
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Figure 3 Change of elastic shear modulus in the process of diabetes development. A: Change at A,,= 1.5 and various transmural
pressure, B: Change at P = 1 kPa and various longitudinal stretch ratio.
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Figure 4 A: Change of circumferential stress-strain relation in the
transmural pressure. B: Change of longitudinal stress-strain relation
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Figure 5 A: Circumferential stress-strain relation between muscle layer and mucosa layer in the process of inflation at a
longitudinal stretch ratio of 1.5. N: Normal control, D: 28 d of diabetes. B: Longitudinal stress-strain relation between muscle
layer and mucosa layer in the process of elongation at a transmural pressure of 0.25 kPa. N: Normal control, D: 28 d of diabetes.

DISCUSSION

A large number of studies have discovered that diabetes can
affect the movement of oesophagus. Transportation of oesophagus
may delay or sow down, and movement of esophagus can not
coordinate.

This dysfunction of movement can be aresult of muscle
and nerve cooperative failure®®>44471 Higtologic research has
proved that diabetes can destroy vagus nerve®. Though there
are many papers on movement and function of oesophagusin
diabetes, few data on morphologic and passive biomechanical
properties are seen. The change of passive biomechanical
propertiesreflectsintra-structural ateration of tissueto acertain
extent. Thisaterationwill resultin somedysfunction of movement,
for example, tension of esophageal wall will change due to
some obstructive disease**™, and therefore, it is necessary to
study biomechanics and morphology together.

The body mass is decreased in rat with diabetes. Thisis

consistent with other studies*®*. Diabeteswill lead to hyperplasia
of some organs. Hyperplasia of esophagus is less frequent
than that of small intestine®2%, Diabetes has caused rise of the
opening angle of small intestind*!, alsoit is seen for esophagus.

In this paper, the shear, longitudinal and circumferential
stiffnesseswere obvioudy devated after 28 d with STZ treatment.
Jorrensent*d, LiuP™ and Zhao™? have discovered that stiffnessis
raised in digbetesin small intestine, blood vessd and arterial wall.

We can draw a conclusion that the changes of passive
biomechanical properties reflect intra-structural alteration of
tissue to a certain extent. This alteration will lead to some
dysfunction of movement.
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Abstract

AIM: To develop an /n vitro three-dimensional (3-D)
angiogenesis system to analyse the capillary sprouts induced
in response to the concentration ranges of basic fibroblast
growth factor (bFGF) and vascular endothelial growth factor
(VEGF) and to quantify their synergistic activity.

METHODS: Microcarriers (MCs) coated with human
microvascular endothelial cells (HMVECs) were embedded
in fibrin gel and cultured in 24-well plates with assay
media. The growth factors bFGF, or VEGF, or both were
added to the system. The wells (7 = 8/group) were digitally
photographed and the average length of capillary-like sprouts
(ALS) from each microcarrier was quantitated.

RESULTS: In aprotinin-stabilized fibrin matrix, human
microvascular endothelial cells on the MCs invaded fibrin,
forming sprouts and capillary networks with lumina. The
angiogenic effects of bFGF or VEGF were dose-dependent in
the range from 10 to 40 ng/mL. Atd 1, 10 ng/mL of bFGF and
VEGF induced angiogenesis with an ALS of 32.13+16.6 um
and 43.75+27.92 um, respectively, which were significantly
higher than that of the control (5.88+4.45 um, P<0.01),
and the differences became more significant as the time
increased. In addition, the combination of 10 ng/mL of
bFGF and VEGF each induced a more significant effect than
the summed effects of bFGF (10 ng/mL) alone and VEGF
(10 ng/mL) alone when analyzed using SPSS system for
general linear model (GLM) (P= 0.011), and that also exceeded
the effects by 20 ng/mL of either bFGF or VEGF.

CONCLUSION: A microcarrier-based /n vitro three-
dimensional angiogenesis model can be developed in fibrin.
It offers a unique system for quantitative analysis of
angiogenesis. Both bFGF and VEGF exert their angiogenic
effects on HMVECs synergistically and in a dose-dependent
manner.

Sun XT, Ding YT, Yan XG, Wu LY, Li Q, Cheng N, Qiu YD,

Zhang MY. Angiogenic synergistic effect of basic fibroblast
growth factor and vascular endothelial growth factor in an
in vitro quantitative microcarrier-based three-dimensional
fibrin angiogenesis system. World J Gastroentero/ 2004; 10
(17): 2524-2528
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INTRODUCTION

Angiogenesisis a process by which new capillaries develop
from an existing microvascular network. It is associated with a
number of physiologic and pathologic conditions including
malignancies, diabetic retinopathy, and rheumatoid arthritis.
Angiogenesis in fibrin-based matrix is especially interesting
becauseit isessential in tumor angiogenesis and wound healing.

Angiogenesis was first observed in vitro by Folkman and
Haudenschild 20 years agot™. After culture of endothelial cells,
these cell s organize spontaneously into capillary-like structures
(CLS) with the presence of lumina. From aphysiological point
of view, anideal invitro system would take into account all the
representative steps of in vivo angiogenesis, from detachment
of endothelial cells from the vascular wall to final tubular
morphogenesis and vascular network formation. It should be
also rapid, easy to use, reproducible, and easily quantifiable.
Depending on the way the cellsreorganize, thein vitro models
of angiogenesis described to date can be roughly classified
intotwo categories. two-dimensiona (2-D) and three-dimensional
(3-D). While 2-D angiogenesismodelslack thethird dimension
and obviously do not reflect all physiological steps, the 3-D
models are closer to the in vivo environment, because they
consider more steps of angiogenesis?.

A variety of 3-D invitro models of angiogenesis have been
developed in the past few yeard® 7 and have thus significantly
increased our understanding of the roles of endothelial cells,
extracellular matrix (ECM), growth factors and other bioactive
moleculesin angiogenesis.

Inthisstudy, we described anin vitro system of angiogenesis,
which was based on microcarriers (MCs), human microvascular
endothelia cells(HMV ECs) and fibrin extracel lular matrix. With
this system, the angiogenic effect of basic fibroblast growth
factor (bFGF) and vascular endothelia growth factor (VEGF)
and their synergism were tested.

MATERIALS AND METHODS

Cellisolation and culture

HMVECs were isolated from juvenile foreskin as described
previously!® 9. Briefly, the foreskin was cut into small pieces,
washed with PBS and incubated with 15-20 mL of 2 g/L dispase
inDMEM (Gibco BRL Cai#11885-084) overnight (18-24h) at 4°C.
The tissue pieces were transferred into DMEM and scratched
with a scalpel. The remnants were discarded and the resulting
cell suspension (containing HMV EC and other contaminating
cell types) was centrifuged at 1 000 r/min for 5 min. The pellet
was re-suspended in 10-15 mL of endothelial growth medium
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(EGM) consgisting of endothelial basal medium (EBM) (Clonetics,
San Diego, CA), supplemented with 10 ng/mL epidermal growth
factor (EGF) (Clonetics), 12 ug/mL bovine brain extract (BBE)
(Clonetics), 1.0 pg/mL hydrocortisone (Clonetics), 100 U/mL
penicillin (Clonetics), and 100 mg/mL streptomycin (Clonetics)
in the presence of 150 mL/L normal human serum and seeded
into agelatin-coated 75-cm?tissue cultureflask. Culture medium
was changed every 2-3 d. Before the cultures were confluent
(normally 5-7 d after seeding), the HMV ECs were separated
from the other cellsin culture by immuno-magnetic isolation
with CD31-Dynabeads following the manufacturer’s
ingtructions(Dynal A.S, Odo, Norway). Endothelial cell cultures
were characterized and determined to be >99% pure on the basis
of the formation of typical cobblestone monolayer in culture
and positive immuno-staining for factor VII1-related antigen
(Beijing Zhongshan Biotechnology Co., Ltd). The purified
HMVECs were cultured in EGM at 37 °C (50 mL/L CO,) on
gelatin-coated cell culture surfaces. All assayswere conducted
with cellsin passages 6 to 8.

Microcarrier cell culture

Gelatin-coated cytodex-3 microcarriers (MCs) (Amersham
Pharmacia Biotech, Piscataway, NJ) were prepared according
to the recommendations of the supplier. Freshly autoclaved
MCswere suspended in EGM and endothelial cellswere added
to afinal density of 50-80 cellsMC. The cells were alowed to
attach tothe MCsin a 1.5 mL Eppendorf tubefor 4 h at 37 °C.
The MCswerethen re-suspended in alarger volume of medium
and cultivated for another 24-48 h at 37 °C (50 mL/L CO,). MCs
were gently agitated to prevent aggregation of individual MCs.
MCs were used for angiogenesis assay when the endothelial
cells on the MCs reached confluence!® 4,

Microcarrier-based fibrin gel angiogenesis assay

The microcarrier-based fibrin gel angiogenesis assay was
performed as described® with some modifications. Working
solution of fibrinogen (Shanghai Raas Blood Product Co., Ltd)
was prepared by dissolving the stock solution of fibrinogen
(20 mg/mL in PBS) in EBM to a concentration of 1.0 mg/mL,
supplemented with EGF and hydrocortisone at 10 ng/mL and
1.0 pg/mL, respectively. The 24-well plates were used for the
assay. The bottom of each well wasfirst covered with 250 pL
fibrinogen solution, and the clotting was induced by addition
of thrombin (0.5 U/mL). After 30 min of polymerization, another
250 pL of fibrinogen solution containing about 250 EC-coated
MCs was added. The MCs were evenly distributed in the
fibrinogen by gently shaking the culture plates, and
polymerization wasinduced as described above. After complete
polymerization, 1.0 mL of EBM supplemented with 10 ng/mL of
EGF, 1.0 pg/mL of hydrocortisone and 50 mL/L adult human
serum was added on the gel. To prevent excessfibrinolysis by
fibrin-embedded cells, aprotinin was added to the growth media
at 200 KIU/mL. For the experiments, which required bFGF
(PeproTech EC Ltd) and/or VEGF (PeproTech EC Ltd), the
components were added to both of the fibrinogen solution and
the supernatant medium at the desired concentrations.

Quantification and statistics

At the time point of interest, six random fields of vision for
every well were digitally photographed under inverted
microscope, and the pictures were transferred to a computer.
The quantification of capillary-like structure formation was
performed as described by Xue and Greisler with some
modificationg'2. Briefly, aspecia grid was made by dividing a
circlewith radially oriented lines around 360 degrees with 10-
degreeintervals using Photoshop (version 6.0; Adobe Systems
Inc). The digital photographs were transparently layered with

the grid. For each photographed microcarrier, the lengths of
sprouts were measured on each of the grid lines and summed
(Figure 1). Thelengths of sproutsfrom each MC were averaged
in each well. The average lengths of sprouts (ALS) from 8
replicate wells of each testing group were analyzed and
expressed as mean+SD. SPSS system for one-way ANOVA was
used to compare the differences during the time courses and
the General Liner Model (GLM) was used to determine the
synergism. P<0.05 was considered statistically significant.

Figure 1 Quantification of angiogenesis. Each MC in random
photographed fields was overlaid with a grid that was equally
divided around 360° at 10-degree intervals (original magnifi-
cation x100). For each photographed microcarrier, the lengths
of sprouts were measured on each of the grid lines and summed.
The lengths of sprouts from each MC were averaged in each
well. The average lengths of sprouts (ALS) from 8 replicate
wells of each testing group were analyzed. Bar: 100 pm.

RESULTS

Sequential steps of capillary formation

In 1995, Nehlsand Herrmann described amicrocarrier-based in
vitro model of angiogenesis?. In their model, the endothelial
cellscoated on the microcarriersinvaded thefibrin gel, forming
elongated capillary-like structure in a response to angiogenic
factors. However, thismodel was performed with large vascular
endothelial cells of calf pulmonary artery origin. Although in
later studies, they used human microvascular endothelial cells
to investigate their response to the co-cultured tumor cells, but
no positive result was found™?. In the present study, by
modifying the system, we successfully established the
microcarrier-based in vitro model of angiogenesiswith human
microvascular endothelial cellsin fibrin.

In the early stages of capillary growth (about 16 h after
polymerization of thefibrin gel), the HMVECs on microcarriers
migrated into fibrin matrix to form sprouts without detectable
lumina. At about 16-48 h, sprouts elongated, and small
intracellular or intercellular luminawas formed. Usually, broad
lumina developed at the base of the sprouts. The lumina
frequently contained cellular debris, which could be seen to
float by shaking the culture dishes, indicating that lumina
contents had liquefied. The tips of capillary sprouts were
generally solid or showed only primitive, dit-likelumina, which
inlater stages anastomosed to other sprouts, and finally formed
capillary-like network (at about 5-7 d) (Figure 2). This result
was not consistent with what was observed by Nehls and
Herrmann, who assumed that due to the presence of serum,
anastomosis of capillary sprouts occurred rarely*4,

Capillary sprout formation induced by bFGF and VEGF

In the absence of growth factors, capillary sprout formation in
our model was minimal. Both bFGF and VEGF induced obvious
EC sprouting. Thecurvesfor both cytokinesincrease significantly
with time. The angiogenic effects of both cytokines were dose-
dependent over therangefrom 10to 40 ng/mL. Atd 1, 10 ng/mL
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Figure 2 Sequential steps of capillary formation. During 3 d after polymerization of the fibrin gel, the HMVECs (bFGF 40 ng/mL) on
microcarriers migrated into fibrin matrix to form sprouts, which elongated (A) with intracellular or intercellular lumina formed
(bFGF 40 ng/mL). The lumina frequently contained cellular debris, which can be seen to float by shaking the culture dishes,
indicating that lumina contents had liquefied (B, arrow). In the late stage (d 5), the capillary sprouts anastomosed to each other,
and finally formed capillary-like network (C) (original magnification x100).

of bFGF and VEGF induced angiogenesis with an ALS of 300 m— Control (0 ng/mL)
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and al'so greater than that induced by 20 ng/mL of either bFGF Microcarriers coated with HMVECs were embedded in fibrin.
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bFGF and VEGF aone (P =0.011) (Figure5). The difference became more significant, as the time increased.
900+ _
801  o1d 800 Dld
g’ o2d 700- 5 2d
] = 600 0 3d
= i O 3d IS
§ 50 2 500
g 4007 | 9 400
T 300 ( < 300+
200 200
ol = 1007 :
(0 T T T T 0+
0 10 20 30 40 0 10 20 30 40
bFGF concentration (ng/mL) VFGF concentration (ng/mL)

Figure 4 Dose responses of bFGF and VEGF on angiogenesis. Both bFGF and VEGF exhibited dose-dependent angiogenic effects
in the range from 10 to 40 ng/mL. Atd 1, 10 ng/mL of bFGF and VEGF induced angiogenesis with an ALS of 32.13+16.6 um and
43.75+£27.92 um, respectively, which were significantly higher than that of the control (5.88+4.45 um, P<0.01). With the concentration
increasing, the difference became more significant.
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Figure 5 Synergism of bFGF and VEGF. The samples were
quantitated at d 3. The combination of 10 ng/mL bFGF and
10 ng/mL VEGF induced an angiogenic response that was
greater than the sum of the effects by each cytokine alone at
the same dose (P = 0.011).

DISCUSSION

Three-dimensional angiogenesis assays are based on the
capacity of activated endothelial cellstoinvade 3-D substrates.
The matrix may consist of collagen gels, plasmaclot, purified
fibrin, matrigel, or amixture of these proteinswith others. The
culture medium may be added to the gel before polymerization
or ontop of thegd. Depending on the culture medium composition
(percentage of serum, addition of cytokines), cells can be
induced to sprout, proliferate, migrate, differentiate, and tubular
endothelial cell phenotypes in the 3-D configuration. Thus,
one can in vitro observe the morphogenic responses of isolated
ECs, which characterize the in vivo angiogenesis. In fact, a
variety of 3-D angiogenesis models have provided great
advances in the understanding of angiogenesis and the
investigation of angiogenic/anti-angiogenic factors?.

In 3-D angiogenesismodds, the ECswere usualy reorganized
inthefollowing ways: directly overlaid by geld*>9, sandwiched
between two gel layers'”, seeded dispersedly!*® or clustered
as spheroids in gel§® 4, or attached onto microcarrier beads.
Microcarrier-based angiogenesis model wasfirstly developed
by Nehls and Drenckhan!*®, who suggested, in their later
studies, that in the presence of serum, the anastomosis of
capillary sprouts occurred only rarely4,

In this study, we also established an in vitro angiogenesis
system based on microcarrier, but it was with human dermal
microvascular endothelia cells (HMVECS). With this system,
we observed all of the angiogenic stepsthat characterizethein
vivo angiogenesis, including sprouting (16-24 h), branching
(24-48 h), and capillary network formation (after 72 h), as
described above. However, not in agreement with the observation
by Nehls and Drenckhan, we found that the anastomosis of
capillary sprouts occurred commonly in the later stage (3-5 d),
even in the presence of up to 100 mL/L serum in our System
(datanot shown). After 5 d, the capillary-like network could be
seen around/between MCs.

Since oneof our goalswasto characterize the gene expresson
patterns at the different steps of angiogenesis including
sprouting, branching and networking, our 3-D angiogenesis
model thus gave a good supporting. However, because of the
morphological complexity, the capillary-like network at the late
stage of themodel wasdifficult to be quantified. So, we confined
our observation to the first 3 d of the culture for the angiogenic
quantification of the growth factors.

Angiogenesisin physiological conditionsis characterized by
strict regulation and occurs mostly through a collagen-rich
extracellular matrix and leads to the formation of an organized
capillary network. In contrast, in different pathological conditions
as they are associated with tumor growth or wound healing,
capillary sprouting processes are known to primarily occur in a

fibrin-rich matrix and the stimulation of new vessalsisexaggerated,
leading to the formation of adisorganized**®, capillary network.
Asoneof the native ECM componentsinvolved in angiogenesis,
fibrin is formed by the polymerization of fibrinogen after the
proteolytic cleavage by thrombin. This scenario naturally takes
place at sites of wound healing and tumor under the stimul ation of
VEGF and other factors, and leads to the deposition and
stabilization of local fibrin clots. These fibrin clots serve as a
temporary matrix that provides asolid support for invading cells,
such as fibroblasts and endothelial cells.

Invitro angiogenesisin fibrinis affected by EC fibrinolysis
involving both plasmin and metalloprotei nase systems and the
spatial structure of the gel® 24, Cell surfacefibrinolytic activity
iscrucial for EC invasion and migration in fibrinf? 23, The
presence of aprotinin is necessary to maintain the integrity of
fibrin. In the absence of aprotinin, fibrin was unable to support
EC angiogenesis becauseit would be degraded before capillary-
like structure formation. The configuration and mechanical
properties of fibrin were determined by the conditionsin which
it polymerized. Various factors, including pH, ionic strength,
fibrinogen and thrombin concentrations could affect the
structural feature of fibrinl?. It is thus important to prepare
fibrin at a well-controlled condition when performing fibrin
matrix-based angiogenic experiments, and to avoid any
modification between the groups when comparing the potency
of different angiogenic factors.

Many growth factors have been found to have angiogenic
effects. FGFsand VEGFsarethe best characterized among them.
FGFs and VEGFs bind with high specificity to their cognate
receptor tyrosine kinases, inducing activation of the intrinsic
enzymatic activity of these receptors. This activity leads to
tyrosine phosphorylation of the receptors, as well as of
substrates for the kinases. In some cases, growth factors may
induce angiogenesis by regulating the expression of some other
growth factors and their receptors®?. It is noteworthy that FGF
and VEGF may act synergistically ininduction of angiogenesis.
Synergy of these growth factorsin in vivo angiogenesis has
been reported®!, and combination of the two factors also
yielded a synergistic response in collagen-based in vitro
system?.271, The mechanisms responsible for this synergism
are that these two growth factors closely interact with each
other in angiogenic process. bFGF could induce expression of
endogenous VEGF and its receptorsin ECS?® *, and VEGF-
receptor antagonists inhibited bFGF-induced angiogenesisin
spite of its lack of activities against bFGF receptors®!. The
capacity of VEGF toinduce u-PA-plasmin activity and angiogenesis
depended on endogenous bFGF produced by ECS®2. In our
fibrin and microcarrier-based angiogenesismodel, we d so found
that both bFGF and VV EGF demonstrated angiogenic effects on
HMVECs in a dose-depended manner, and when applied in
combination these two factors also acted synergistically.

In conclusion, we have successfully established amicrocarrier-
based in vitro three-dimensional angiogenesis model that offers
aunique system for quantitative analysis of angiogenesis. The
model isespecialy applicabletoin vitro evauation and screening
of novel angiogenic or angiostatic factors. It may also shed
light on the study of molecular mechanism of angiogenesis.
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Abstract

AIM: The pathogenesis of hypogonadism in liver cirrhosis
is not well understood. Previous results from our laboratory
showed that IGF-1 deficiency might play a pathogenetic
role in hypogonadism of cirrhosis. The administration of
IGF-1 for a short period of time reverted the testicular
atrophy associated with advanced experimental cirrhosis.
The aim of this study was to establish the historical
progression of the described alterations in the testes,
explore testicular morphology, histopathology, cellular
proliferation, integrity of testicular barrier and hypophyso-
gonadal axis in rats with no ascitic cirrhosis.

METHODS: Male Wistar rats with histologically-proven
cirrhosis induced with carbon tetrachloride (CCl,) for 11 wk,
were allocated into two groups (n = 12, each) to receive
recombinant IGF-1 (2 pg/100 g-d, sc) for two weeks or
vehicle. Healthy rats receiving vehicle were used as control
group (n = 12).

RESULTS: Compared to controls, rats with compensated
cirrhosis showed a normal testicular size and weight and
very few histopathological testicular abnormalities.
However, these animals showed a significant diminution
of cellular proliferation and a reduction of testicular
transferrin expression. In addition, pituitary-gonadal axis
was altered, with significant higher levels of FSH (£<0.001
vs controls) and increased levels of LH in untreated cirrhotic
animals. Interestingly, IGF-1 treatment normalized testicular
transferrin expression and cellular proliferation and reduced
serum levels of LH (P = ns vs controls, and P<0.01 vs
untreated cirrhotic group).

CONCLUSION: The testicular barrier is altered from an

early stage of cirrhosis, shown by a reduction of transferrin
expression in Sertoli cells, a diminished cellular proliferation
and an altered gonadal axis. The treatment with IGF-1
could be also useful in this initial stage of testicular disorder
associated with compensated cirrhosis.
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INTRODUCTION

Hypogonadism (characterized by low testosterone levels and
relative hyperestrogenism, loss of libido, sexual impotence
and feminine body featuresin men) isacommon complication
of advanced liver cirrhosig. Previous data demonstrated that
rats with advanced cirrhosis showed reduced testicular size and
weight and severe histopathological testicular abnormalities,
including reduced tubular diameters, loss of the germinal line,
and diminutionsin cellular proliferation and spermatogenesis
and testicular transferrin expression, agood marker of theintegrity
of blood-testis barrier?. In addition, low serum testosterone and
high serum LH were present in cirrhotic animals, as well as
decreased levelsof serum IGF-1. Interestingly, the administration
of IGF-1 at low doses for a short period of time reverted the
testicular atrophy and improved the altered pituitary-testicular
axis in these animald2. In cirrhotic patients, hypogonadism
has been attributed to a variety of mechanisms including
gonadal toxicities of alcohol, malnutrition and increased
production of estrogens from androgens in peripheral tissues
due to the existence of portal systemic shunting!®?.
Insulin-like growth factor-1 (IGF-1) is an anabolic hormone
produced in different tissues although the liver accounts for
90% of the circulating hormone, which is synthesized in response
to growth hormone (GH) stimulation!?®*Y, In cirrhosis the
reduction of receptorsfor GH in hepatocytes and the diminished
synthesizing ability of theliver parenchymacaused aprogressive
fal of serum IGF-1level 24, Althoughinanearly sageof cirrhosis
serum levelsof |GF-1 were normdl, itsbio-availability seemed to
be diminished®. The clinical impact of the reduced production
or availability of IGF-1 in cirrhosis was largely unknown(**4,
Recent studies from our laboratory have demonstrated that
short courses of treatment with low doses of IGF-1wereable
to induce marked improvementsin nutritional state™, nitrogen
retentioni®®l, intestinal absorption'*”¥, osteopenia??Y, liver
function reducing fibrogenesis?2¥, and restore the reduced
somatostatinergic tone®! in rats with experimental cirrhosis.
These data suggest that |GF-1 deficiency plays a pathogenetic
rolein severa systemic complications occurring in cirrhosis.
Itiswell known that IGF-1 stimul ates testosterone synthesis
and spermatogenesi§®>#., Its deficiency could contribute to the
development of hypogonadism associated with cirrhosis as
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the previous data supported®?. Since the pathogenesis of
hypogonadismin cirrhosisis not yet well understood, the aim of
the present study was to study the chronological progression of
the described alterationsin tested? in advanced cirrhosis, explore
testicular morphology, histopathology, cellular proliferation,
integrity of testicular barrier and hypophyso-gonada axisin rats
with cirrhosisin an early stage, without ascites.

MATERIALS AND METHODS

Induction of liver cirrhosis

All experimental procedureswere performed in conformity with
The Guiding Principles for Research Involving Animal§%3.
Cirrhosis was induced as previously described*>¢, Briefly,
maleWistar rats (3-week-old, 130-150 g) were subjected to CCl,
inhalation (Merck, Darmstadt, Germany) twiceaweek for 11wk
with aprogressively increasing exposuretimefrom 1 to 5 min.
During thewhole period of cirrhosisinduction animalsreceived
Phenobarbital (Luminal, Bayer, Leverkusen, Germany) in the
drinking water (400 mg/L). Both food (standard semipurified
diet for rodents; B.K. Universal, Sant Vicent del Horts, Spain)
and water were given ad libitum. Healthy, age and sex-matched
control rats were maintained under the same conditions but
receiving neither CCl, nor Phenobarbital.

Study design
The treatment was administrated for 2 wk after stopping of CCl,
exposure. In the morning of d 0, animals were weighed and
blood samples were drawn from the retroocul ar venous plexus
from all rats with capillary tubes (Marienfeld, Germany) and
stored at -20 °C until used for analytical purposes. Cirrhotic
rats were randomly assigned to receive either vehicle (saline)
(group CI, n = 12) or recombinant human IGF-1 (Pharmacia-
Uppsala, Sweden) (2 png/100 g-d in two divided doses,
subcutaneously) (group CI+IGF, n = 12) for two weeks. Control
rats (group CO, n = 10) received saline during the same period.
In the morning of the 15" d, rats were weighed, blood was
obtained from the retroocul ar plexus and animalswerekilled by
decapitation. After the abdominal cavity was opened, the liver
and testes were dissected and weighed. Samples from the | eft
major liver lobe and testes were processed for histological
examination (fixed in Bouin’ssolution). Thetesticular diameters
(AP and LM) were measured using a precision calliper,
Mituyoto® (+£0.05 mm). Ascites was ruled out by direct
exploration of abdominal cavity inal cirrhotic animals.

Liver histopathology

Bouin-fixed tissues were processed and sections (4-um) were
stained with Haematoxylin and Eosin and Masson’s trichrome.
Livers were scored (1 to 4) as previously reported!*>22,
Preestablished criteriafor inclusion of cirrhotic (Cl) animalsin
the final analysis were the presence of: (1) altered baseline
biochemical data of liver function; and (2) in retrospect,
histologically proven liver cirrhosis (scores 3 or 4 of the
classification) in CCl,-treated-animals. All animals had
compensated cirrhosis without ascites.

Testicular histopathology and PCNA and transferrin immuno-
histochemistry

For histopathological evaluation of testes, 30 seminiferous
tubulesfrom each rat of the three groupswere blindly evaluated
by two observers and the arithmetic mean of the scores was
taken as the final result. Transverse sections of seminiferous
tubuli were examined and evaluation of histological changes
was made using alight projection microscope (Micro Promar
Leitz GMBH, Wetzlar, Germany) at 150x magnification. The
following parameters were studied: tubular diameter,
quantitation of the presence of different types of cellsin tubuli,

presence of peritubular fibrosis, and the number of proliferating
cells. For general purposes haematoxylin & eosin stain and
Masson'’s trichrome stain were used. Specific techniques for
other purposes are specified in the corresponding paragraphs.

Changesin tubuli wereclassified into 5 categories (Category
I: highest damage to Category V: full normality). Category I:
presence of only Sertoli cells; category Il Sertoli cells plus
spermatids; category I11: Sertoli cells, plus spermatides, and
spermatocytes; category 1V: presence of all kinds of cells but
showing some morphological alterations (i.e.: severe
vacuolization, aberrant cells); category V: presence of al kinds
of cells without morphological alterations. The presence of
peritubular fibrosis was evaluated in Masson’s trichrome
preparations according to the thickness of the staining of
collagen deposition surrounding tubuli. Proliferating cellswere
identified by immunostaining of proliferating cellular nuclear
antigen (PCNA) using an avidin-biotin peroxidase method®*
with retrieval of antigen by means of microwave irradiation.
Specific anti-PCNA antibody (mouse anti-PCNA, clone PC 10,
DAKO, Denmark) biotinylated rabbit anti-mouse 1gG (DAKO,
Denmark) were used and the avidin-biotin complex technique
(ABC, DAKO kit) was performed. The bound antibodies were
visualized by meansof 3,3’ -diaminobenzidinetetrahydrochloride
(Sigma Chemical Company, St. Louis, MO) with nickel
enhancement’®!. Finally, sampleswere slightly counterstained
(10 s) in hematoxylin, dehydrated, and mounted in DPX.
Controls were performed by substitution of the primary
antibody by TBS. The number of PCNA positive cells was
recorded. The result was expressed as stained cells per tubuli
(arithmetic mean of 30 screened tubuli).

In addition, the expression of transferrin®! in tubuli was
evaluated by immunostaining using similar technique as for
PCNA with specific anti-transferrin antibody (obtained from
rabbit, RARa/TRf, Nordic Immunological Laboratories,
Teknovas, The Netherland). Transferrin expression was scored
fromOto 4 points. If 30 tubuli expressed transferrin normally all
over the germinal epithelium, it was scored O points. The
remaining scores were obtained according to the following
formula: (30-tubuli showing expression of transferrin all over
thegerminal epithelium) x0.075.

Analytical methods

Serum levels of albumin, total proteins, glucose, cholesterol,
bilirubin, alkaline phosphatase, transferrin and aminotransferases
(AST and ALT) were determined by routine laboratory methods
using a Hitachi 747 autoanalyzer (Boerhringer-Mannheim,
Germany). Serum levelsof the different hormoneswere assessed
by RIA inaGammaChen 9612 Plus (Serono Diagnostics, Roma,
Italy) using specific commercial assay systems: total and free
testosterone and estradiol-6, Coat-a-Count, DPC (Diagnostic
Products Corporation, LosAngeles, CA); rat uteinizing hormone
(rLH) andrat folliclestimulating hormone (rFFSH) from Amersham
Internationa Plc (Little Chafont Buckinghamshire, England HP7
9NA); IGF-1 by extraction (Nichols Ingtitute Diagnostics, San
Juan Capistrano, CA, USA).

Lipid peroxidation assessment of testicular homogenates
Malondyaldehyde (MDA) was assessed after heating samples
at 45 for 60 minin acid medium. It was quantitated by a
colorimetric assay using L PO-586 (Bioxytech; OX1S|nternational
Inc., Portland, OR, USA), which after reacting with MDA,
generated a stable chromophore that could be measured at
586 nm (Hitachi U2 000 Spectro; Roche).

Statistical analysis
Data are expressed as meantSE. To assess the homogeneity
between the three groups of rats a Kruskall-Wallis test was
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used, followed by multiple post-hoc comparisons using Mann-
Withney U tests (two tailed) with Bonferroni adjustment. A
regression model wasfitted cons dering histopathological score,
PCNA or transferrin expression scores and |GF-1 plasma
concentration as the dependent and independent variables
respectively. Within group differences between pre-and post-
treatment val ues were assessed by means of Wilcoxon matched
pairs signed rank sum test. Any P value less than 0.05 was
considered to be statistically significant. Calculations were
performed by SPSSWin v.6.0. program.

RESULTS

At baseline, ClI groups showed abnormal values compared to
controls (CO) in serum levels of alanine aminotransferase
(CO=26+2; Cl =273+491U/L, P<0.01), agpartateaminotransferase
(CO=55£5; Cl =297+491U/L, P<0.001), cholesteral (CO=82+4;
Cl =115+5mg/dL, P<0.05), dkaline phosphatase (CO = 310+43;
Cl=701+1461U/L, P<0.05), bilirubin(CO=04+00; Cl =1.2+0.3mg/dL,,
P<0.05), tota proteins (CO =6.9+0.1; Cl =6.4+0.2g/dL, P<0.05)
and albumin (CO = 3.6+0.1; Cl = 3.1+0.2 g/dL, P<0.05). No
differences were found between cirrhotic groups.

At the end of the experimental period, all rats from groups
Cl and CI+IGF showed established cirrhosis (mixed micro-
macronodular cirrhogisin liver histopathology) with some signs of
porta hypertension (spleen weight, g, CO=0.8+0.0; Cl = 1.4+0.2;
Cl+IGF = 1.4+0.1, P<0.001 both cirrhotic groups vs controls).
Asciteswas absent in al of the cirrhotic animals.

Testicular morphology and morphometry

The testicular size and volume were normal in the cirrhotic
groups as compared to controls. Morphometric study showed
reduction in testicular weight (in absolute values but not if it
was corrected by body mass) in untreated cirrhotic group as
compared to controls and Cl+IGF group. Findings regarding
longitudinal and transverse testicular diameters were similar to
those in testicular weight. Morphometric data in the three
groupsare summarized in Table 1.

Testicular histopathology

Figure 1 showstesticular morphology in the three experimental
groups. Testicular histological section of normal rat (CO)
demonstrated active spermatogenesis in normal-size
seminiferoustubuli with thin basement membranesand minimal

peritubular fibrosis. Leydig cells were scarce, being widely
separated by seminiferous tubuli. No evidence of peritubular
fibrosis and other alterations was found in cirrhotic groups.
Cellular analyses (see Methods) in 30 seminiferous tubuli were
performed in each preparation and summarized in Table 2. No
relevant findings were obtained in this morphol ogic study.

Testicular cellular proliferation, as evaluated by PCNA®,
was significantly reduced in CI rats while Cl+IGF rats showed
valuessimilar to controls(CO: 66+2, Cl: 57+1, CI+IGF: 61+1,
P<0.001 untreated cirrhotic group vs controls and P<0.05
CI+IGF vs controls and CI group). Figure 2 shows PCNA
immunohistochemistry (PCNA+cells) in the three groups.

Testicular transferrin, amarker of the integrity of hemato-
testicular barrier®-28, was evaluated from 0 to 4 points by
immunohistochemistry in testicular slices (see Methods).
Transferrin expression was decreased in Cl rats (3.40+0.03
points, P<0.001 vs CO and Cl+IGF groups) as compared to
controls (3.98+0.04 points) and to cirrhotic ratsreceiving | GF-1
(3.760.05 points). Figure 3 showstransferrin expressionin the
three experimental groups.

Testicular levels of MDA in order to study the likely direct
damage of CCl, to testes, MDA levels, an index of lipid
peroxidation’®, were assessed in testicular homogenates. No
differences were found between the three experimenta groups
in testicular MDA content (nmoL/mg protein, CO = 9.1+0.8,
Cl=13.0£3.2, CI+IGF= 8.9£1.6).

Pituitary-gonadal axis

Serum levelsof sexua hormonesare summarizedin Table 3. No
significant differences were found between groups, either in
total and freetestosterone, or estradiol, or in theratio of estradiol/
testosterone. However, asignificant increase of FSH (P<0.001
vs controls) and also high levels of LH (P = 0.06 vs controls)
were observed in untreated rats with compensated cirrhosis,
suggesting an altered negative feed-back sincethis early stage
of the cirrhosis. On the other hand, LH concentrations were
moved towards normal valuesin IGF-1 treated cirrhotic group
(P =nsvs controls, and P<0.01 vs untreated cirrhotic rats).

Serum levels of IGF-1

At thetime of animal sacrifice (d 15), no significant differences
between the three groups were found in serum levels of IGF-1
(CO: 1030+67, Cl: 1165+58, Cl+IGF: 1030+38ng/mL), smilarto
those described previously in early stage of cirrhosig¢1824,

Table 1 Body mass and parameters of testicular size and weight in the three experimental groups (d 15)

Healthy control rats

Untreated cirrhotic rats

Cirrhotic rats treated with IGF-1

(CO,n=12) (Cl,n=12) (CI+IGF, n=12)
Body mass (g) 545.0+1.0 460.0+1.0¢ 458.0+9.0¢
Right testis (g) 2.0+0.0 1.6%0.1¢ 1.7+0.1¢
(x100 g/bm) (0.4+0.0) (0.3+0.0) (0.4+0.0)
External testicular diameters (mm)
< Longitudina 20.4+0.26 18.56+0.22¢ 18.37+0.34¢
= Transversal 10.3+0.24 9.41+0.23° 9.64+0.142

3P<(.05; *P<0.01; 9P<0.001 vs CO group.

Table 2 Cellular analysis: Thirty seminiferous tubuli were examined in each preparation. The table summarizes the number of
tubuli in each category: category I, only Sertoli s cells; category Il, I+spermatids; category Il1, lI+spermatocytes; category 1V, all
types of cells but with some alterations; category V, all types of cells with normal features

Category | 1 11 v \Y%
Controls (CO) (n = 10)x30 tubuli 0 0 0 2 298
Untreated cirrhotic rats (ClI) (n = 10)x30 tubuli 0 0 5 20 275
IGF-treated cirrhotic rats (CI+IGF) (n = 10)x30 tubuli 0 0 0 8 292
Statistical analysis (P) ns ns ns 3P<0.05 ns

2P<0.05, Cl vs CO group.



2532 ISSN 1007-9327 CN 14-1219/ R World J Gastroenterol September 1, 2004 Volume 10 Number 17

Table 3 The pituitary-gonadal axis (on d 15) in the three experimental groups

Healthy control rats Untreated cirrhotic rats IGF-1-treated cirrhotic rats
(CO, n=12) (Cl,n=12) (CI+IGF, n = 12)
Total testosterone (ng/dL) 62+13 T7+17 6417
Free testosterone (pg/mL) 0.36+0.09 0.36+0.10 0.41+0.05
Estradiol (pg/mL) 31+2 33+2 29+1
Estradiol/Total testosterone 0.5+0.1 0.5+0.1 0.6+0.1
LH (ng/mL) 4.8+0.6 6.0+0.5 3.8+0.7¢
FSH (ng/mL) 22+8 271" 26+4°

®P<0.01CI+IGF vs CO group; 9P<0.01 CI+IGF vs CI group; ‘P<0.001 CI vs CO group.

Figure 1 Microscopy of testes (x150 magnification, Masson’s stain). Testicular histological sections of normal rat (CO) demon-
strated active spermatogenesis in normal-size seminiferous tubuli with thin basement membranes and minimal peritubular
fibrosis. Leydig cells were scarce, being widely separated by seminiferous tubuli. No evidence of peritubular fibrosis and other
alterations were found in testes from cirrhotic animals.
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Figure 2 Study of proliferative activity, assessed by PCNA immunostaining. A significant reduction of cellular proliferation were
observed in rats with compensated cirrhosis. This reduction was normalized in IGF-1 treated cirrhotic group (CI+IGF). (x200
magnification, in the three pictures).
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Figure 3 Immunohistochemistry for testicular transferrin in seminiferous tubuli. Transferrin immunostaining was observed at the
level of Sertoli cells and in germ cells in normal rats (CO) and in cirrhotic rats treated with IGF-1 (CI+IGF) but a lower or absent
transferrin immunostaining was observed in several tubuli of untreated cirrhotic rats (Cl) (score, Cl: 3.40+0.03, CO: 3.98+0.04,
CI+IGF-1: 3.76+0.05).

probably responsible for the reduction of cellular proliferation,

D"Q‘_’CUSSION _ aswell asaparadoxical response of pituitary-testicular axis.
This study demonstrates that rats with compensated CCl,- The occurrence of testicular atrophy and gonadal dysfunction
induced cirrhosis show some testicular alterations and gonadal in advanced cirrhosisis awell known clinical event!**9. Both

dysfunction, from early stagesof liver cirrhosis. Themainfinding  testicular histopathological abnormalities and low levels of
of thisstudy isthat thereis an altered hemato-testicular barrier, serum testosterone have been described in patients with
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alcoholic and nonalcohalic cirrhosis several years ago®?.
Previous experimental data? showed that severe testicular
atrophy and gonadal insufficiency treated with low doses of
IGF-1 recovered to normal in avery short time (21 d). Data
regarding experimentally induced cirrhosisare, however, scarce.
Our previous data showed a severe testicular damagel? as
manifested by macroscopic testicular atrophy and a variety of
histopathological abnormalities including a reduction in
tubular diameters, presence of aberrant cellsin tubular lumen,
peritubular fibrosis, loss of the germinal line and a marked
reduction in cellular proliferation. These alterations resembled
those found in necropsic studies in alcoholic cirrhotics™ and
those reported in experimental models of testicular damage such
as chronic testicular ischemia®!.

The mechanisms responsible for the described aterations
are not fully understood, although the relationship between
IGF-1 deficiency and testicular damage in cirrhosis was
demonstrated in the mentioned work2. Incirrhotic ratsincluded
in the current work, no |GF-1 deficiency was present but there
wasareduced availahility of thishormoneasit hasbeen suggested
previoudly!*¢1822 Moreover, we have previously demonstrated
that the changes induced by cirrhosis in the serum profile of
IGF-1 binding proteins further reduce bio-availability of IGF-1
in cirrhotic ratg®. In fact, exogenous administration of IGF-1
was ableto reverse severd abnormalities (decreased food utility
and intestinal absorption of nutrients, and somatostatinergic
tone and osteopenia) associated with cirrhosisin animalswith
normal serum levels of this hormong 16202224,

On the other hand, adirect effect of IGF-1 on testes seemed
to be the most important factor to explain previous findings?.
Thisideais supported by the existence of receptors for IGF-1
in Sertoli cells, germ cellsand Leydig cell§2>27 and by findings
demonstrating a direct effect of IGF-1 on testes?”31, Since
IGF-lisawell recognized trophic factor for testis, its deficiency
could be a contributing factor to testicular damagein cirrhosis.

The present work was designed in order to gain moreinsights
into the mechanisms involved in the pathogenesis of
hypogonadism associated with liver cirrhosis. In fact, many
factors that have been involved in this process, such as porta
systemic shunting!>**4% or undernutritionf*% were minimized
in this early stage of the liver disease. Specificaly, this study
was targeted to establish the historical progression of the
described testicular alterationg?.

The blood-testis barrier is considered nearly as specific as
the blood-brain barrier*d. Although al cellsrequireironsfrom
serum transferrin produced by hepatocytes, cellsthat create a
blood barrier such as Sertoli cellsin the testis and choroid
plexus epithelium in the brain also express the transferrin gene
to provide irons to cells sequestered within the serum-free
environment. Testicular transferrin expression was a good
marker of the integrity of the hemato-testicular barrier®371, A
major finding of thiswork was that transferrin expression by
Sertoli cellswasreduced in untrested cirrhotic rats. The medical
biocavailability of IGF-1 could be due to the mechanism of
testicular transferrin reduction. |GF-1 treatment increased the
expression of thisproteinin Sertoli cdlsof cirrhoticrats (Figure 3).
This possibility seemed to be plausible since several metabolic
functions of Sertoli cellswere also influenced by |GF-1152449,
Interestingly, the recovery of transferrin expression in Sertoli
cells observed in our study suggested a role for IGF-1 in
maintaining the integrity of the hematotesticular barrier2%38,

The first step of the pathogenesis of testicular atrophy
occurring in advanced cirrhosis seems to be the decreased
expression of transferrin, showing adysfunction of Sertoli cells
and consequently the disruption in blood-testis barrier
integrity. Therefore, the observed reduction of cellular
proliferation finally affecting spermatogenesig2*¢ would beits
logical consequence.

A question arises as to whether direct toxicity of CCl,on
testicular tissue could contribute to testicular injury. Alcohol
was known to produce oxidative damage and to be able to pass
across testicular barrier®#8. This toxic possibility has been
reasonably ruled out by the presence of similar levelsof MDA,
amarker of lipid peroxidation™, intesticular homogenatesfrom
the three experimental groups. Certainly, a slight increase of
testicular MDA was found in untreated cirrhotic rats, but this
did not reach statistical significance.

Inthe early stage of cirrhogis, testosterone levelswere normal.
However, both FSH and LH wereincreased in untrested cirrhotic
animals. Thisabnormal response of the negative feedback could
be aninitial hormonal reaction of primary hypogonadism. In
advanced stages of cirrhosis, we found increased levels of
serum LH associated with a significant reduction of total and
free serum testosterone defining a picture of primary
hypogonadism, thus ruling out hypothal amic-pituitary
dysfunction as the responsible mechanismi2. Interestingly,
LH levelswerereduced by IGF-1 treatment in this serieswith
compensated cirrhosis and an incipient gonadal dysfunction.
The significant increase of FSH could be related to the
observed reduction of cellular proliferation in cirrhotic rats.
Since a close relationship has been reported between |GF-1 and
gonadotroping“*5Y, our findings require further investigation.

In summary, this study shows an altered hemato-testicular
barrier from an early stage of cirrhosis and suggests that the
reduction of IGF-1 bioavailability may play acriticd rolein the
beginning stage of testicular damage and hypogonadism
associated with liver cirrhosis. In addition, these results support
the conclus on that the exogenous administration of 1GF1 may be
useful for thetrestment of testicular aterationsin cirrhotic patients.
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Abstract

AIM: To evaluate the relationships between the personal,
sociocultural, and environmental characteristics, and the
presence or absence of symptoms with the detection of
Enterobius vermicularis (E. vermicularis) in a population
sample in our region (General Mansilla, Province of Buenos
Aires, Argentina), by individual and familiar analyses.

METHODS: E. vermicularis was diagnosed in 309 people
from 70 family units residing in the urban area and the
rural area of the city of General Mansilla. Each of them
was surveyed so as to register personal, environmental
and sociocultural data. Questions about the presence or
absence of anal itch, abdominal pain and sleeping disorder
were also asked. Significant associations were determined
by square chi tests. Logistic regression models were
adjusted by using a backward conditional stepwise method
to determine the presence of this parasite in the individuals
and in the families.

RESULTS: The parasites were found in 29.12% (90/309)
of the individuals, with a frequency of 14.28% (20/140)
among the heads of the families and of 41.42% (70/169)
among the children. The only variables showing a significant
association were affiliation, where the risk category was
“being the son/daughter of”, and the symptoms were
abdominal pain, sleeping disorder, and anal itch. Families
with a member infected with parasite were considered
Positive Families (PF) and they were 40/70 (57.14%), only
5% (2/40) of the PF had 100% of their members infected
with the parasite. The logistic regression models applied showed
that the risk categories were mainly affiliation (son/daughter)
and housing (satisfactory) among others.

CONCLUSION: The presence of £. vermicularis was proved
in one third of the studied population. The frequency of
families with all their members infected with the parasite
was very low. Most of the studied personal, sociocultural,
and environmental variables did not turn out to be significantly
associated with the presence of the parasite. An association

with the category of “son/daughter” and housing classified
as “satisfactory” was determined. The latter may be due to
the fact that the people living in that category of housing
have hygienic practices at home that favour the distribution
of the eggs in the environment. The presence of the analysed
symptoms was associated with the presence of the parasite,
thus strengthening the need of periodical control of the
population showing at least one of these symptomes.

Pezzani BC, Minvielle MC, de Luca MM, Cérdoba MA, Apezteguia
MC, Basualdo JA. Enterobius vermicularis infection among
population of General Mansilla, Argentina. World J Gastroentero/
2004; 10(17): 2535-2539

http://www.wjgnet.com/1007-9327/10/2535.asp

INTRODUCTION

Enterobius vermicularis (E. vermicularis) is asmall whitish
nematode whose evolution cycle differs from other intestinal
helminthsin the biological peculiaritieg™.

Enterobiosis is a cosmopolitan parasitosis. The peculiar
biology of E. vermicularis contributes to the creation of
contamination foci around the infected resident and the re-
infections. Theintra-family or cohabitating members’ infection
isvery frequent. The most important infection routes are through
oral and respiratory tract. The oral infection included the anus-
hand-mouth route, onychophagiaand/or ingestion of contaminated
food. The respiratory tract infection would be from inhaling
dust contaminated with the parasite eggs?.

The main source of contamination inside the houseisfound
in the environmental dust and carried by children. Thiswould
be one of the infection routes for the family units.

It has been reported that no sex difference existed in the
infection rates. The teen-age, however, infection rates remain
unchanged in boys but decrease among girls, since girls start
observing hygienic practices with higher precocity than boyg34.
Among adults, the infection frequency is similar in both sexes,
but it was commonly observed that many adults seemed not to
get infected even when subjected to contaminated environments
due to personal hygieneg®l,

Waste disposal little affects the distribution of theinfection,
since the oxyurus eggs are not found in excrement. Several
groups in the population may be infected without depending
on the socioeconomic conditions and environmental hygiene
due to the biological characteristics of this parasite®”.

Generally, this parasitosisis an asymptomatic illness, and
in those cases where clinical manifestations are present, anal
itch is the most frequent symptom. Indirectly, and mainly in
children, it produces insomnia, fatigue and irritability, and
sometimes abdominal painiz89,

The objective of this study was to evaluate the relationship
between the personal, socio-cultural and environmental
characteristics, presence or absence of symptoms, and the
detection of E. vermicularis in a sample population in our
region (Province of Buenos Aires, Argentina), through
individual and family analysis.



2536 ISSN 1007-9327 CN 14-1219/ R World ] Gastroenterol September 1, 2004 Volume 10 Number 17
MATERIALS AND METHODS RESULTS
Study area The frequency of infected peoplein thetotal studied population

The city of General Mansillaislocated in the northeast of the
Province of Buenos Aires, in the central-western area of the
Argentine Republic (South America), 96 km from the city of
BuenosAires. Populationis2 300 in theurban areaand 1 700in
therural area. The urban area covers 250 hectares and the rural
population is settled in a 15 km range around it (Figure 1).

Population

A total of 309 people constituting 70 family units, made up by
mother, father and children (1 to 6 per family), were studied.
Fifty families were analyzed from the urban area (221 people)
and 20 from the rural area (88 people). Each member of the
family was surveyed to record personal, environmental and
socio-cultural data. The following variables were assessed: a)
personal: sex, age, affiliation of each member, and number of
children in each family; b) socio-cultural and environmental:
habitat (urban area - rural area), water supply (water pump -
running water), disposal of waste (sewer - no sewer), housing
(satisfactory - unsatisfactory), home garbage (collected - not
collected), bathroom (existent - non-existent), and overcrowding
(yes - no). Housing was considered satisfactory when built of
masonry with cement floors, and unsatisfactory when built of
wood and/or metal with dirt floors. Overcrowding was considered
when more than three individuals slept together in the same
room. Besides, questions were asked about the presence or
absence of the following symptoms: anal itch, abdominal pain
and sleeping disorders, since they are considered to be typical
of this parasitosis.

Parasitological analysis

A perianal swab method was performed to each surveyed
individual for the detection of E. vermicularis. Each surveyed
person was given five 10 cmx10 cm gauze pads and a bottle of
5% formaldehyde. At the same time, they were explained the
procedure for sample taking. In the case of minors, instructions
were given to their parents. Each of the testee collected the
sample before getting up for 5 consecutive days, each day
rubbing agauze pad previoudy imbibed in water, on the perianal
margins. Then, they put the sample in the container with
formaldehyde and sent it to the lab.

Statistical analysis

The association between each of the variables studied and the
presence of E. vermicularis was analyzed by means of the chi
square test. In the case of finding statistically significant
associations, the odds ratio (OR) was cal cul ated.

Logidtic regression model s were adjusted by using backward
conditional stepwise method to determine the presence of
E. vermicularisin individuals and in families. In the case of
individuals (total, rural and urban), socio-cultural and
environmental characteristics, symptoms, ageand sex were used
as (independent) explanatory variables. In the case of families,
only socio-cultural and environmental characteristics and
affiliation were used. The logistic regression model predicts
the probability of being infected with E.vermicularisaccording
to the explanatory variables. From this prediction, individuals
are classified according to their risk of infection as: high risk
(when the probability is higher than 0.5), and low risk (when
the probability is lower than 0.5). For this classification,
sensitivity (S), specificity (E), positive predictive value and
negative predictive value, and global adjustment (total
percentage of correct predictions) in each of the models were
estimated. The model can be used to obtain OR estimators for
each variable. SPSS (Statistical Packagefor the Socia Sciences)
software version 11.5 was used.

(309) was 29.12% (90/309). Among the parents, it was 14.28%
(20/140) and 41.42% (70/169) among the children.

Families with at least one infected member were called
positive families (PF) and the rest, negative families (NF). The
number of PFwas40/70 (57.14%). Of these, 8 familiespresented
lessthan 25% of their memberswith the parasite, 20 had 26-50%,
6 between 51% and 75%, 4 between 76% and 99% and only two
had 100% of their membersinfected.

The mean age of parentsfrom PF and NF was 32.3 and 33.6,
respectively. The mean agefor children from PF and NFwas 8.48
and 7.71, respectively. The mean age of positive children was
6.85. Thirty percent (12/40) of themothersfrom PFwereinfected
while only 20% (8/40) of the fathers were infected. Prevalence
for adultsfrom PF was 25% (20/80).

The number of children from PFwas 103. Of these, 67.96%
(70/103) were positive and 52.85% (37/70) were male. The
number of children from NF was 66, 48.48% (32/66) of which
weremale.

The results obtained from socio-cultural and environmental
aspects both from PF and NF and their statistical analysis are
shownin Table 1.

Table 1 Sociocultural and environmental factors studied in 70
E. vermicularis infected and non-infected families in General
Mansilla, Province of Buenos Aires, Argentina (n, %)

Variable PF (n=40) FN (n=30) P
Habitat Urban 29 (72.5) 21 (70) 0.8188
Rural 11 (27.5) 9 (30)
Water supply Water pump 12 (30) 13 (43.33)  0.2493
Running water 28 (70) 17 (56.66)
Disposal of waste Sewer 14 (35) 8 (26.66)  0.4573
No sewer 26 (65) 22 (73.33)
'Housing Satisfactory 30 (75) 20 (66.66)  0.4450
Unsatisfactory 10 (25) 10 (33.33)
Garbage Collected 28 (70) 21 (70) 1.0000
Not collected 12 (30) 9 (30)
Bathroom Existent 25 (62.5) 22 (73.33)  0.3396
Non-existent 15 (37.5) 8 (26.66)
2Overcrowding Yes 17 (42.5) 9 (30) 0.2841
No 23 (57.5) 21 (60)

PF: Families with some member infected with E. vermicularis;
NF: Families with no member infected with E. vermicularis.
Satisfactory housing: With cement floors and masonry walls;
unsatisfactory housing: Dirt floors and wood or metal walls.
20Overcrowding: Yes: when more than three people sleep in a
room; No: When less than three people sleep in a room.

When analyzing the association between the presence of
E.vermicularis and each variable separately, the only one
showing statistically significant association was affiliation,
wheretherisk category was being the son/daughter (P = 0.000,
OR =4.242), and the symptoms of abdominal pain (P = 0.001,
OR=2.680), deeping disorders(P=0.003, OR =2.339), and anal
itch (P=0.001, OR = 2.662).

Table 2 (a, b, c and d) shows the results from the logistic
regression modelsbuilt for thetotal of individuals, thoseresiding
inthe urban areg, thoseliving in therural area, and the families.

(2) Inthewhole population, the affiliation variable was the
most significant, that is, children had greater probability of
being infected than parents. In order of importance, thevariables
garbage collection and type of housing followed. Type of water
supply and symptoms of abdominal pain and sleeping disorders
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turned out to be of lesser importance. Thismode! classified 22.2%
of theinfected individuals (S) and 92.2% of the non-infected
individuals (E) correctly. Glabally, it classified 71.8% of the
individuals correctly.

(2) Among the rural population the affiliation variable had
an even higher significance degree. It also turned out to be
important age variable. This continuous variable had apositive
coefficient, which impliesthat at an older age thereismorerisk
to be infected. But being the affiliation variable present, older
children are those with the higher risk of being infected. In
order of importance, the symptom of sleeping disorders, type
of housing and no bathroom available followed. This model
classified 53.8% of the positive individuals (S), and 93.3% of
thenon-infected individuals (E) correctly. Globally, it classified
81.4% of the individuals correctly.

(3) Among the urban population, the affiliation variable was
also the most significant. The symptom of abdominal pain,
type of water supply and type of housing followed. This model
classified 23.4% of the infected individuals (S) and 89.3% of
the non-infected individuals (E) correctly. Globally, it classified
70.4% of theindividuals correctly.

(4) Among the positive families, the variables of garbage
collection, housing, water supply and bathroom had a similar
degree of significance. Thismodel classified 95% of theinfected
families (S) and 23% of the non-infected families (E) correctly.
Globally, it classified 64.3% of the familiescorrectly.

Table 2 Logistic regression models for the presence of
E. vermicularis in 309 (88 rural and 221 urban) individuals,
both individually and grouped into 70 families in General
Mansilla, Argentina

Variable Risk category Coefficient Odds Ratio
For the total of individuals, n = 309

Affiliation Son/daughter 1.267 3.550
Housing Satisfactory 0.829 2.288
Garbage Not collected 1.372 3.944
Water Running 0.951 2.591
Abdominal pain Present 0.555 1.742
Sleeping disorders  Present 0.561 1.752
Constant -1.825

For rural individuals, n = 88

Affiliation Son/daughter 10.246 28 167
Housing Satisfactory 2.857 17.5
Age (yr) Eldest son/daughter 0.316 1.372
Bathroom Non-existent 2.160 8.670
Sleeping disorders  Present 1.967 7.151
Constant -12.493

For urban individuals, n = 221

Affiliation Son/daughter 1.176 3.241
Housing Satisfactory 0.917 2.5
Water Running 1.372 3.937
Abdominal pain Present 0.690 1.993
Constant -1.612

For positive families, n = 40

Housing Satisfactory 2.749 15.625
Water Running 2.614 13.699
Garbage Not collected 2.75 15.636
Bathroom Non-existent 2.403 11.056
Constant 0.338

Regarding the three studied symptoms, the analysis showed
anal itchin 19.41% (60/309) of the people. Of them, 27/60 (45%)
were positivefor E. vermicularis (P =0.0026, OR = 2.42), 12/60
(20%) were negative but belonged to a PF, and 21/60 (35%)

were negative from NF. The presence of sleeping disorders
was shown in 22.65% (79/309) of the studied population, 30/70
(42.85%) (P=0.0040, OR = 2.24) of whichwereparasiteinfected,
17/70 (24.28%) showed no parasites but belonged to a PF, and
23/70 (32.85%) were negativefrom NF.

Abdominal pain was detected in 19.41% (60/309) of the
testees, 28/60 (46.66%) (P = 0.009, OR = 2.64) of which were
parasiteinfected individuals, 12/60 (20%) were negativefor the
parasite test but belonged to a PF, and 20/60 (33.33%) were
negative from NF.

General Mansilla

Figure 1 Geographical location of General Mansilla city in
Argentina.

DISCUSSION

In the present study a high frequency of infection was found
for E. vermicularis, going from 29.12% in the total population
up to 41.42% if only the child population considered. These
percentages are higher than those published in other countries.
In Korea, aprevalence of this parasitosiswas reported in 9.8%
of school children™, 9.2% in pre-schoolerd®, 14.8 inkindergarten
children’®, 12.6%in school childrenintherurd ared® and 9.8%
in children of school age?-. In the town of Chennai, India, a
prevalence of 0.50% was reported*3 in school age children. In
Thailand, in5-to 10-year-old children, the prevalencewas 21.91%07.
In Taiwan it was 11% in school age children™, A prevalence of
10.5% was found for children between 7 and 13 yearsold in
Turkey™. A study carried out in 18- to 35-year-old adultsin
Malaysia, KualaLumpur, reported afrequency of 9.29667, In
Poland, the frequency among 7-year-old children was 16.45%9,
Andin Sweden, it was 21%in children from primary care centres™®.,

In America, astudy carried out in New York (United States)
on the prevalence of E.vermicularis in mentally and
developmentally retarded children showed a preval ence of
4.5%9%, In Venezuela, the prevaence found in 5- to 14-year-old
children was 19.1%?%, and in Peru it was 1.1% in adults and
children from different communities?!. In Argentina, a study
carried out in two aborigina communities from the province of
Misiones, a prevalence of 0% and 5% for E. vermiculariswas
shown?, In the Province of La Rioja, a percentage of 14.8%
was reported in middle-class children®, and in the city of
Buenos Aires, 20.50% was reported in hospital population(?4,
In Neuguen (Patagonia), 18.8% was reported in adults and
children from deprived neighbourhoodd?!.

However, the high frequency shown in our study issimilar
tothat reported by Norhayati et al . in 1994 in Malaysia (40.4%),
Nithikathkul et al.!® in 2001 in Thailand (38.82%), Bahader
et al.?in 1995in Egypt (43.8%), Gilman et al.[® in 1991in Peru
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(42.0%), and Mercado et al 1 in 1996in Chile (35.2%) on studies
done in diverse populations.

This study did not show significant sex and age differences
regarding parasite infected parents, but there was a higher
frequency among the mothers, probably due to the greater
daily contact with their parasite infected children (regular
behaviour among the inhabitants of this region).

The children had a higher probability of being infected than
the parents. Asto theinfected children, no statitically verifiable
differences could be found regarding sex or age but, unlike the
parents, the highest level of infected peoplewere mae, probably
in association with different hygienic practices for each sex.
This difference agrees with Yoon et al’s® report about 10.1%
of boys and 8.1% of girls with parasites, and Kim et al’§'”
about 10.8% in male and 8.7% in female schoolchildren.
However, Kim*? reports 7.1% and 12.5% positive values for
male and femal e kindergarten children, respectively. In our
study, parasite infected kindergarten infantile population, sex
distribution was 50% (13/26).

Among the PF there was a high percentage of non-infected
parents and only 5% of these familieshad all of their members
infected. With these results we could infer that when someone
is detected to have parasites, the treatment of all the members
of his’her family is not necessary, especially if we take into
account that the cost of the treatment has to be afforded by
each family in our region. Thiswould make aregular control of
the population so as to detect positive cases and treat them
appropriately and thus reduce the prevalence of this parasitosis.

Socio-cultural and environmental factors studied in this
study showed no statistically significant associations between
PF and NF, which are in agreement with Nithikathkul et al.[”
not with Kim et al.*?.,

Overcrowding was significantly associated for Acostaet al™”
(P<0.001) with this parasitosisin childrenin Venezuela, but this
association could not be shown in our study, in agreement
with Norhayati et al.’sfindingsin children in Malaysia®.

In this study, a significant association was proved by the
presence of anal itch, sleeping disorders and abdominal pain,
and the detection of this parasite. But these symptoms were
not exclusive for the parasite-infected population since 20% to
35% of the non-parasite infected people showed at |east one of
these symptoms. Venezuel ¥ reported that 53.9% of the parasite-
infected population showed anal itch.

Asaconclusion of thiswork we point out that enterobiosis
was present in a percentage close to 30% of the general
population and over 40% in children in our region (Province of
Buenos Aires, Argenting).

Contrary to what was expected, the risk of getting this
helminthosis was not related to age, sex, or most of the socio-
cultural and environmental factors studied (habitat, consumption
water, disposal of waste, garbage collection, bathroom characteridtics
and overcrowding). An association was determined between
the variable affiliations, where the risk category was “being the
son/daughter of”.

The type of housing categorized as “ satisfactory” was also
related to this parasitosis. This contradictory situation could
be due to the fact that people living in this type of housing
show hygienic practicesin the home favouring the distribution
of eggs in the atmosphere (e.g., shaking the sheets, using a
feather dust for cleaning, etc.)

These results a so strengthen the need of regular control of
the population reporting at |east one of these symptoms: anal
itch, sleeping disorders, and/or abdominal pain.
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Abstract

AIM: To sum up the clinical characteristics of patients with
central pontine myelinolysis (CPM) after orthotopic liver
transplantation (OLT) and to document the possible causes
of CPM.

METHODS: Data of 142 patients undergoing OLT between
January 1999 to May 2003 were analyzed retrospectively.
Following risk factors during perioperation were analyzed in
patients with and without CPM: primary liver disease,
preoperative serum sodium level, magnesium level and
plasma osmolality, fluctuation degree of serum sodium
concentration, and immunosuppressive drug level, etc

RESULTS: A total of 13 (9.2%) neurologic symptoms
appeared in 142 patients post-operation including 5 cases
(3.5%) with CPM and 8 cases (5.6%) with cerebral
hemorrhage or infarct. Two patients developing CPM after
OLT had a hyponatremia history before operation (serum
sodium<130 mmol/L), their mean serum sodium level was
130.6+5.54 mmol/L. The serum sodium level was significantly
lower in CPM patients than in patients without neurologic
complications or with cerebral hemorrhage/infarct (£<0.05).
The increase in serum sodiumduring perioperative 48 h after
OLT in patients with CPM was significantly greater than that in
patients with cerebral hemorrhage/infarct but without neurologic
complications (19.5+6.54 mmol/L, 10.1+6.43 mmol/L,
4.51+4.34 mmol/L, respectively, P<0.05). Plasma osmolality
was greatly increased postoperation in patients with CPM.
Hypomagnesemia was noted in all patients perioperation,
but there were no significant differences between groups.
The duration of operation on patients with CPM was longer
than that on others (492+190.05 min, £<0.05). Cyclosporin
A (CsA) levels were normal in all patients, but there were
significant differences between patients with or without
neurologic complications (P<0.05).

CONCLUSION: CPM may be more prevalent following liver
transplantation. Although the diagnosis of CPM after OLT
can be made by overall neurologic evaluations including
magnetic resonance imaging (MRI) of the head, the mortality
is still very high. The occurance of CPM may be associated
with such factors as hyponatremia, rapid rise of serum sodium
concentration, plasma osmolality increase postoperation, the
duration of operation, and high CsA levels.

Yu J, Zheng SS, Liang TB, Shen Y, Wang WL, Ke QH. Possible
causes of central pontine myelinolysis after liver transplantation.
World J Gastroentero/ 2004; 10(17): 2540-2543
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INTRODUCTION

The morbidity and mortality of central nervous system (CNS)
complications after orthotopic liver transplantation (OLT) was
19% and 47% respectively!™. Central pontine myelinolysis
(CPM)® is the most serious CNS complication that could be
seen after OL T, and represents an important source of mortality
early after OLTE. CPM following liver transplantation was
reported more and more in foreign literatures*®, but it was
rarely reported in our country!®?,

In this paper, we studied retrospectively 142 patients
undergoing OLT in our center. Fifteen patients had CNS
complications after OLT including 5 patients with CPM. The
clinical features and possible causes of CPM after liver
transplantation were analyzed.

MATERIALS AND METHODS

Clinical data

Between January 1999 to May 2003, consecutive OLT was
performed on 142 patients at our center. Medical records and
clinical data of the patients were retrospectively investigated.
Of them 117 were males and 25 females, age from 19 to 65
years, their age was 45+8.9 years. Indications for OLT
included severe hepatitis 28 cases, hepatic cirrhosis (32 cases),
liver carcinoma (53 cases), polycystic liver (3 cases), and
others (24 cases). Operative procedures were performed with
the standard technique and UW preservation solution. All
patients had similar perioperative intensive care and received
cyclosporin A (CsA) and methyl predni solone-based induction
iMmMmMuNoSUppression.

Observational indicators
Patients who devel oped posttransplant abnormal neurological
symptoms underwent overall neurological evaluation. Magnetic
resonance imaging (MRI) of head was performed in selected
cases. CPM was diagnosed based on: (1) patients who had a
variety of signsincluding mental status changes, quadriparesis,
pseudobulbar palsy, and drowsiness, etc; (2) MRI showed a
hypointense signal in T1-weighted images and a hyperintense
signal in T2-weighted imagesin the central pontine. The signal
of T2 was dlightly increased after contrast administration.
Following risk factors during perioperation were analyzed
between patients with and without CPM: age, gender, primary
liver disease, pretransplant serum sodium , magnesium levels,
plasma osmolality, fluctuation degree of serum sodium and
plasma osmolality 48 h after transplantation, duration of
operation, and CsA level. Hyponatremiawas defined as serum
sodium <130 mmol/L. Hypomagnesium was defined as serum
magnesium <1.5 mg/L.

Statistical analysis
Data were expressed as mean+SD. Comparisons of group
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means were made with ANOVA for unpaired data, and Chi-
Square test for enumeration data. P<0.05 and P<0.01 were
considered statistically significant.

RESULTS

Clinical features of patients with CNS complications
Fifty-eight of 142 patients undergoing OL T developed abnormal
neurological symptoms such as mania, tremor, confusion,
drowsiness, and diminished state of responsiveness. Thirteen
patients were diagnosed having CNS complications based on
clinical features and MRI. The demographic characteristics of
the patients are outlined in Table 1. There were 10 males and
3 females aged 40-55 years. Primary diseases included severe
hepatitisin 6 cases, hepatic cirrhosisin 4 cases; liver carcinoma,
drug liver failure, IgA nephropathy, and polycydticliverin 1 case,
respectively. Patients devel oped neurological complications
inthe early postoperative period including cerebrd hemorrhage/
infarct in 8 cases, CPM in 5 cases. The incidence of cerebral
hemorrhage/infarct and CPM was 5.6% (8/142) and 3.5% (5/142),
respectively. The extent of CPM on MRI wasvariable, showing
a hypointensity signal of T1-weighted images in the pontine
without space occupying sign (Figure 1A), and increased signal
intengty of T2-weighted imagesin centra pontine (Figure 2A, 2B).
None of the patients showed extrapontine myelinolysis. CNS
complications occurred two weeks after liver transplantation,
ranged from 2 to 18 d. The median time of survival of patients
with CPM after OLT was24+16.1d, ranged 7to48d. Thepatients
who were complicated with cerebral hemorrhage or infarct
survived 2 to 96 d after transplantation, the mean time was
33+30.7d.

Comparison of clinical characteristics in patients with and
without CPM (Table 2)

Pretransplant hyponatremia was present in all symptomatic
patients with CPM. Two patients developing CPM after OLT
had a severe hyponatremia history before operation (serum
sodium level <130 mmol/L). The average serum sodium level
was 130.6+5.54 mmol/L. The serum sodium level was
significantly lower in patients with CPM than in patients
without neurol ogic complications or with cerebral hemorrhage/
infarct (P<0.05). The average increase of perioperative serum
sodium 48 h after OLT in patientswith CPM, cerebra hemorrhage/
infarct, and without CNS complications was 19.5+6.54 mmol/L,
10.1+£6.43 mmol/L, 4.5+4.34 mmol/L, respectively (P<0.01).
Plasma osmolarity was greatly increased 48 h postoperation
in patients with CPM. Despite this, the plasmaosmolality was
normal in patients without CPM, but no significant difference
was noted between patient who had complication of cerebral
hemorrhage/infarct and patientswho had no CNS complication.
Hypomagnesemia was noted in all patients perioperation, but
there were no significant differences between groups. The
operation time for patients with CPM was longer than that for
others (P<0.05). But no significant difference was found in
operation time between patients who had complication of
cerebral hemorrhage/infarct and those who had no CNS
complication. Following transplantation, all patients received
CsA-based induction immunosuppression. Though the mean
CsA level in all patients was normal, the average CsA level
was greatly higher in patients with CNS complications than in
patientswithout CNS complications. Age, gender, primary liver
disease were similar among three groups.

Table 1 Clinical characteristics of patients with CNS complications

Patient Hospital Age Gender Primary disease CNS complication Timing of Timing of
NO. NO. (yn) onset (d) survival (d)
1 287206 40 Male Severe hepatitis Cerebral hemorrhage 6 11
2 286967 48 Male Severe hepatitis CPM 10 15
3 291172 41 Female Severe hepatitis Cerebral hemorrhage 8 26
4 299921 54 Male Severe hepatitis CPM 6 23
5 306331 53 Female polycystic liver Cerebral infarct 4 28
6 312075 51 Male Hepatic cirrhosis Cerebral hemorrhage 2 9
7 314112 53 Male Severe hepatitis CPM 18 48
8 325113 49 Male Liver carcinoma Cerebral hemorrhage 2
9 315349 41 Male Hepatic cirrhosis CPM 20
10 328762 46 Male Drug liver failure CPM 7
IgA nephropathy
11 351480 55 Female Hepatic cirrhosis Cerebral hemorrhage 14 56
12 362960 52 Male Hepatic cirrhosis Cerebral hemorrhage 3 36
13 363980 46 Male Severe hepatitis Cerebral hemorrhage 14 96

Table 2 Comparison of Clinical characteristics in patients with and without CPM

Index

CNS Complications

CPM

NO CNS Complication
Cerebral hemorrhage
/cerebral infarct

Preoperative serum sodium (mmol/L) 130.6+5.54¢b¢

Preoperative serum magnesium (mg/L) 0.8+0.19
Preoperative sosm (mOsm/kg H,0) 274.3+33.09
Change in serum sodium After 48 h (mmol/L) 19.5+6.54"

341.6+£14.99"
492.0+190.05%
301.3+9.23°

Postoperative sosm (mOsm/kg H,0)
Surgery time (min)
CsA level (ng/dL)

135.9+2.61 137.4+3.83

0.9+0.20 1.0+0.21
290.2+22.12 292.5+26.05

10.1+6.43° 4.5+4.34
317.9+29.76 308.8+16.89
450.0+93.50 399.9+76.07
273.8+£28.55% 247.2+35.44

Abbreviations: Sosm: Serum Osmolarity P<0.05 (0.016, 0.037), °P<0.01 (0.000, 0.001) compared with no CNS complications; °P<0.05
(0.017, 0.02), “P<0.01 (0.000) compared with cerebral hemorrhage/infarct.
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Figure 1 T1-Weighted axial magnetic resonance imaging scan
shows symmetric area of hypointensity in the pons. (arrow).

Figure 2 A: T2-Weighted axial magnetic resonance imaging
shows bilaterally symmetric high-signal intensity is seen in
the central pons. (arrow) B: T2-Weighted sagittal magnetic reso-
nance imaging demonstrates hyperintensity area in central
pons. (arrow).

DISCUSSION

CPM wasfirst described in 1959 by Adams. CPM after OLT
was first reported by StarzI® in 1978. CPM[®% was
characterized by symmetrical loss of myelin in the pontine
basdlis, with relatively well-preserved axons and neuronal cell
bodies. Acute CPM often occurred and had a variety of signs
including quadriparesis, pseudobulbar palsy, and locked-in
syndrome. Asasevere neurological complication, the progress
of CPM was usually dismal, with ahigh mortality rate™. Most
cases of CPM were diagnosed post-morten. With the recognition
of CPM and the development in MRI technology, more cases
of CPM could be diagnosed while patients were alive. Liver
transplant recipients constituted a high risk group for
developing CPM. The incidence of CPM after OLT varied
from 5-10%214, which was higher than that in other patients
(0.16-5.8%)1*°. The exact etiology of CPM is uncertain, the
rapid correction of hyponatremiamight be an important factor.
However, controversy has been going onf*¢2,

Pathogenesis of CPM after OLT

End-stage hepatic insufficiency was a common feature of
pretransplanted patients. Advanced liver failure was always
associated with some degree of rena insufficiency. So almost
all hyponatremic states associated with liver disease were
chronic and difficult to be corrected®. Input for patients after
OLT was considerably increased as a consequence of bleeding
during operation. The sodium content for fresh frozen plasma
was around 165 mmol/L, 150 mmol/L for albumin solution,
and 140 mmol/L for red blood cells, significantly higher than
the serum sodium of patients with hyponatremia. Correction
of blood losswould thusinevitably lead to arapid risein serum
sodium concentration. A multicenter study showed? that rapid
correction of hyponatremia exceeding 18 mmol/L in the first
48 h was significantly associated with CPM. The present study

demonstrated that not all patients with hyponatremiadeveloped
CPM. But increase of serum sodium 48 h after OLT in patients
with CPM was 19.5+6.54 mmol/L, which was significantly
higher than that in patients without CPM. Plasma osmolality
was also greatly increased 48 h postoperation. The results of
our study suggested that rapid correction of hyponatremia and
abrupt change of plasma osmolality might account for the
development of CPM. Liver failure might lead to disruption
of astrocyte metabolism with resulting abnormalities of blood-
brain barrier function and a decreased ability to generate new
intracellular osmoles in response to osmotic changes. Thus,
patients with liver trangplantation were particularly susceptible
to CPM22_ Lien et al.® suggested that rapid correction of
hyponatremia might produce acute dehydration of edematous
brain, leading to high ion to organic osmolyte ratio, osmotic
endothelial injury, and endothelial cell shrinkage with
loosening of tight junctions. Subsequently, transvascular
transport increased and myelinotoxic factors released. Because
of an extensive gray-white matter admixture in the pontine,
thisanatomic arrangement could provide a suitable environment
wherein myelinotoxic factors, chiefly derived from the richly
vascular gray matter, could interact with surrounding bundles
of myelin-containing white matter, then lead to demyelination
viz development of CPM.

Dunn et al.?® demonstrated the neurotoxicity of CsA in
transplanted patients. Three cases developing CsA associated
akinetic mutism after liver transplantation were reported by Bird
et al.l?, two of threewereidentified by MRI. The CsA leve inall
patientswas monitored and controlled in norma range. Although
the mean in-hospital CsA level in CPM group was not different
with that in cerebral hemorrhage/infarct group, the CsA levesin
patientswith CNS complicationswas higher than that in patients
without CNS complications. In this study, pretransplant
hypomagnesemiawas noted in al patients after OLT. Previous
study suggested® that CsA neurotoxicity could lead to massive
white matter lesions. Hypomagnesemiamight contribute to CsA
neurotoxicity and was associated with development of CPM
after OLT, although the mechanism of CPM isunclear.

The results of our study also suggested that operation time
in patients with CPM was significantly longer than that in
patients without CNS complications. But there were no
differences in operation time between patients with cerebral
hemorrhage/infarct and without CN'S complications, indicating
that CNS lesionsin liver transplant recipients may be related
with intraoperative bleeding, prolonged low blood perfusion.

Prevention and therapy of CPM after OLT

To our knowledge, at present there is no definitive therapy for
CPM. Therefore, prevention of this condition has become
crucial!®!. Slower correction of perioperative hyponatremia
may be critical for patients undergoing OLT. The rate of
correction should not exceed 15 mmol/L/24 h or 18 mmol/L/48 h.
Major fluctuations in serum sodium during surgery should be
avoided. Plasma osmolality level should be remained within
normal reference, and aggressive magnesium replacement
should be initiated for hypomagnesemia. To decrease the
duration of operation and intraoperative bleeding, no veno-
venous bypass should be recommended. |mmunosuppressive
agent concentrations should be carefully monitored and
controlled to avoid neurotoxicity®. MRI of head should be
performed when patients occurred neurologic and psychiatric
symptoms after OLT1%2, The best way of preventing CPM
was to perform transplantation at an early stage of the disease.
More recently, subclinical CPM after OLT was reported™,
the patients were nearly asymptomatic, but MRI showed
marked lesionsin the pontine. According to these we suggest
that the diagnosis of CPM should be considered in patients
undergoing OLT with major electrolyte fluctuations, and high
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immunosuppressive agent leves. MRI iscurrently the best moddlity
availabletoidentify CPM. Support trestment isvery important for
patientswith CPM. It wasreported that cortical hormonel, vitamin,
and serum replacement were used in CPMB4, Whether these
therapiesplay arolein CPM remainsto be determined.

Prognosis of CPM after OLT

A previous study showed™ that the occurrence of CPM after
OLT variedfrom2to 11 d, average 7 d. The prognosisof CPM is
usually dismal, with a high mortality rate. The results of the
present study demonstrated that CPM occurred 3to 18 d OLT.
Themedian time of survival after OLT was 24.6+16.13 d, ranged
7t048d, themortdity was 100%. Theseliver transplant recipients
with CPM were associ ated with thefollowing aspects. (1) Patients
with CPM often had other complicationg®®, such as infection,
hemorrhage of digestive tract, and multi-organ failure. (2)
Inadequate water intake and electrolyte derangements were not
corrected due to CPM. (3) Venovenous bypass was used in
part of transplantations®”*, which led to the increase in
operation time, interoperative bleeding, time of low perfusion.
The limited number of patientsin this study may account for
the high mortality of CPM after OLT.
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Abstract

AlIM: Both observational and experimental studies have
shown that higher selenium status reduces the risk of upper
gastrointestinal cancers in selenium deficient populations.
Recent cancer registry data have shown very different rates
of esophageal cancer (EC) and gastric cancer (GC) in four
Provinces of Iran, namely Ardabil, Mazandaran, Golestan,
and Kerman. The aim of this study was to have a
preliminary assessment of the hypothesis that high rates
of EC in Golestan and high rates of GC in Ardabil may be
partly attributable to selenium deficiency.

METHODS: We measured serum selenium in 300 healthy
adults from Ardabil (7 = 100), Mazandaran (n = 50), Golestan
(n=100), and Kerman (n = 50), using inductively coupled
plasma, with dynamic reaction cell, mass spectrometry (ICP-
DRC-MS) at the US Centers for Disease Control (Atlanta,
Georgia).

RESULTS: The median serum selenium concentrations were
very different in the four Provinces. The medians (IQR) for
selenium in Ardabil, Mazandarn, Golestan, and Kerman
were 82 (75-94), 123 (111-132), 155 (141-173), and 119
(110-128) pg/L, respectively (P<0.001). The results of linear
regression showed that the Province variable, by itself,
explained 76% of the variance in log selenium (2 = 0.76).
The proportion of the populations with a serum selenium
more than 90 ug/L (the concentration at which serum
selenoproteins are saturated) was 100% in Golestan,
Kerman, and Mazandaran but only 29% in Ardabil.

CONCLUSION: Our findings suggest that selenium deficiency
is not a major contributor to the high incidence of EC seen
in northeastern Iran, but it may play a role in the high
incidence of GC in Ardabil Province.

Nouarie M, Pourshams A, Kamangar F, Sotoudeh M, Derakhshan
MH, Akbari MR, Fakheri H, Zahedi MJ, Caldwell K, Abnet CC,
Taylor PR, Malekzadeh R, Dawsey SM. Ecologic study of serum

selenium and upper gastrointestinal cancers in Iran. World J
Gastroenterol/ 2004; 10(17): 2544-2546
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INTRODUCTION

Esophageal cancer (EC) and gastric cancer (GC), collectively
known as upper gastrointestind (UGI) cancers, constitute 16% of
al cancer desthsworl dwide and are respongblefor gpproximately
one million deaths each yeart™.

Both observational and experimental studies have shown
that higher selenium status reduces the risk of UGI cancersin
selenium deficient populations?®. In alarge-scale, prospective
cohort study conducted in Finland, alow selenium region prior
to a current supplementation program, Knekt and colleagues
found alower risk of stomach cancer in individualswith higher
baseline serum selenium concentrations’®. In another large
cohort study, Mark and colleagues also found a reduced risk
of esophageal cancer and gastric cardiacancer amongindividuals
with higher initial serum selenium concentrationsin aselenium
deficient population in Linxian, China®. A double-blind,
randomized clinica trial in thissame Chinese population showed
areduced risk of both cardia and non-cardia gastric cancersin
individual s supplemented with acombination of selenium, beta-
carotene, and alpha-tocopherol 2.

Iran also has high rates of both EC and GC®®, and these
cancers are the two most common causes of cancer death in
Irant. However, recent cancer registry data showed highly
varying rates of EC and GC in four Provinces of Iran, namely
Ardabil™, Mazandaran, Golestan, and Kerman (unpublished
data). The annual age-standardized incidence rates (ASRs) for
ECwere 15, 19, 40, and 3 per 10°, and ASRsfor GC were 38, 22,
18, and 8 per 10°in these four Provinces, respectively.

We hypothesized that differencesin serum selenium may
partly explain the highly varying rates of EC and GC in Iran.
Here, we present the results of an ecologic study that compared
serum selenium concentrations in randomly selected healthy
subjects from Ardabil, Mazandaran, Golestan, and Kerman
Provinces.

MATERIALS AND METHODS

Serum samples from 300 healthy adults were selected for this
study. These subjects had all been recruited for previous
studies. Ardabil serum samples (100 samples) were selected from
participants in an endoscopic survey of gastric precancerous
lesions conducted among rural and urban subjects =40 years
oldi*®, These subjects were selected using simple random
sampling, and all resided in Meshkinshahr, a major city in
Ardabil, or its surrounding villages. Mazandaran and Kerman
serum samples (50 sampleseach) were sdl ected from participants
in a survey of the prevalence of celiac disease among urban
inhabitants =18 years old in these two Provinces. These
subjects were selected randomly from the entire urban
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population of Sari and Kerman, the two major cities of these
Provinces. In Golestan, 100 serum samples were selected from
urban and rurdl individuals =40 years of agewho wererecruited
during the pilot phase of a cohort study of UGI cancers. In al
of these studies, the only inclusion criteria were residence,
age, and lack of life-threatening conditions. All sampleswere
collected in the years 2002 and 2003. From these subjects, we
selected our study samples such that they represented male
and female participantsequally (Table 1). Samplesfrom Ardabil
and Golestan included both urban and rural populations, but
samples from Kerman and Mazandaran represented only urban
subjects.

A single blood samplewas collected from each person. Serum

was separated and frozen in-20 °C freezersin plastic vials, and
the samples were transported to the U.S. Centers for Disease
Control (Atlanta, Georgia) on dry ice, where serum selenium
was measured using inductively coupled plasma, with dynamic
reaction cell, mass spectrometry (ICP-DRC-MS). Theanalytical
limit of detection for assessment was 5.2 ug/L with areference
range of 80-300 pg/L™. We pooled samplesto make aninternal
quality control serum, and 20 quality control samples were
randomly inserted among the other serum samples. The
coefficient of variation in these samples was 0.04.

The distribution of serum selenium in the four Provinces

was hot normal. Therefore we used medians and interquartile
ranges (IQRs) to present the descriptive results and the Kruskal -
Walistest to test the differencesin serum selenium ranks among
provinces, between males and femal es, and between urban and
rural participants. The distribution of the natural logarithm of
selenium (log selenium) in each province did not deviate from
normal. Therefore we used linear regression to test the effect of
age on log selenium values. We also used linear regression to
find the proportion of variance of log selenium that was
explained by the province. All statistical analyses were done
using STATA® Software, version 8 (Stata Corporation, Tx).

RESULTS

The median age of al the study subjects was 45 years. Half of
the subjectsfrom each area (atotal of 150) were males(Table 1).
Half of the subjectsfrom Ardabil and Golestan (n=100) and all
of the subjects from Mazandaran and Kerman (n = 100) were
from urban aress.

The median serum selenium concentrations were very

different inthe four Provinces. The medians (IQR) for selenium
in Ardabil, Mazandarn, Golestan, and Kerman were 82 (75-94),
123(111-132),155(141-173),and 119(110-128) ug/L, respectively
(P<0.001). The results of linear regression showed that the
province variable, by itself, explained 76% of the variancein
log selenium (r 2 = 0.76). The proportion of these populations
with serum selenium concentrations more than 90 pg/L (the
concentration at which serum selenoproteins are saturated?)
was 100% in Golestan, Kerman, and Mazandaran, but only 29%
inArdabil.

The median (IQR) serum selenium concentrationsin males

andfemaeswere124(95-145) and 116 (92-143) pg/L, respectively
(P=0.49).

Simplelinear regression did not show asignificant effect of
ageonlog sdeniuminany of thefour Provinces. Thecorrelation
coefficient between selenium and age in al samples combined
wasvery low (r = 0.006).

Median (IQR) serum selenium concentrations in the urban
andrural samplesof Ardabil were81 (76-86) and 83 (74-96) ug/L,
respectively (P=0.57). Median (|QR) serum sdlenium concentrations
in urban and rural samples from Golestan were 150 (135-165)
and 161 (144-183) ug/L (P=0.003).

DISCUSSION

Shamberger and Frost first suggested arolefor seleniuminthe
prevention of cancer in 1969, when they observed an inverse
association between the geographic distribution of seleniumin
forage crops and cancer mortdity ratesin the United States®. A
growing body of evidence, from both [aboratory and epidemiol ogic
studies, has since shown that selenium may have anticarcinogenic
effects, especially against cancers of the lung, prostate, skin,
and gastrointestinal system!4],

In this study, we measured serum selenium in 300 Iranian
adults from four provinces with varying risks of EC and GC to
have a preliminary assessment of the hypothesisthat the high
ratesof ECin Golestanand GCin Ardabil may bepartly attributable
to selenium deficiency. The proportion of the populations with
aserum selenium more than 90 pg/L (the concentration at which
the serum selenoproteins are saturated) was 100% in Golestan,
Kerman, and Mazandaran, and these three provinces had
medium to high concentrations of serum selenium compared
with the other areas of the world. Therefore, it is unlikely that
high incidence of EC in Golestan and Mazandaran is due to
selenium deficiency. Thisis cons stent with acase-control study
in Mazandaran that did not find any differencein hair selenium
between EC cases and controls*€. In Ardabil, however, only
29% of the population had a serum selenium concentration
above 90 pg/L. This suggests that the high incidence of GC
and pre-neoplastic gastric lesionsin Ardabil™® could be partly
due to selenium deficiency.

Thisisthe first study that has examined serum selenium
concentrationsin different Iranian populations. Median serum
selenium ranged widely, from 82 pg/L in Ardabil to 155 pg/L in
Golestan. The median serum selenium concentration in these
four provinces combined, weighted for the population of each
province, was 123 pg/L . For comparison, median serum sdenium
in other areas of the world varies from very low concentrations
(<50 pg/L) in some parts of China and Serbia to very high
concentrations (>200 pg/L) in parts of the USA and some other
regions of China. However, the mgjority of median serum
selenium concentrationsin the world range from 80-120 pg/L1*.

The wide range of serum selenium concentrations among
the four provinces and its small range within each province
was an interesting finding. The major predictor of serum
selenium is dietary intakel’*'7, and the observed differences

Table 1 Distribution of age, sex, location, and serum selenium in study sample

Province Number Median age Male (%) Urban (%) Annual Annual Median serum

of samples (yr) incidence of EC/10° incidence of GC/10° selenium (IQR) in ug/L
Ardabil 100 49 49 (49) 49 (49) 15 38 82 (75-94)
Mazandaran 50 35 24 (48) 50 (100) 19 22 123 (111-132)
Golestan 100 50 51 (51) 51 (51) 40 18 155 (141-173)
Kerman 50 33 26 (52) 50 (100) 3 8 119 (110-128)
Total 300 45 150 (50) 200 (67) - - 123*

A weighted median based on the total population of each province.
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among the provinces are most likely due to variation in the
selenium content of their diets.

We plan to conduct further observationa studiesto confirm
or refute the association of selenium intake and the risk of GC
in Ardabil.
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Abstract

AIM: To observe the changes of enkephalin mRNA and
prodynorphin mRNA in hippocampus of rats induced by
chronic immobilization stress.

METHODS: Thirty rats were randomly divided into three
groups of 10 each: the normal control group (group A),
the group induced by chronic immobilization stress for 7 d
(group B) and the group induced by chronic immobilization
stress for 21 d (group C). The changes of the enkephalin
mRNA and prodynorphin mRNA in the rat hippocampus
were detected by reverse transcription-polymerase chain
reaction (RT-PCR).

RESULTS: Expression levels of enkephalin mRNA and
prodynorphin mRNA in rat hippocampus were significantly
increased under chronic immobilization stress, and the
expression of prodynorphin mRNA in the rat hippocampus
in group C was remarkably higher than that in group B
(0.624+0.026; n = 5; P<0.01).

CONCLUSION: The increased enkephalin mRNA and
prodynorphin mRNA gene expressions in rat hippocampus
were involved in chronic stress.

Chen JX, Li W, Zhao X, Yang JX, Xu HY, Wang ZF, Yue GX.
Changes of mRNA expression of enkephalin and prodynorphin
in hippocampus of rats with chronic immobilization stress.
World J Gastroentero/ 2004; 10(17): 2547-2549
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INTRODUCTION

It is known that exposureto a variety of stressors can lead to
the increase of plasma [3-endorphin up to 10-15 times higher
than normal. 3-endorphin, enkephalin and dynorphin aretermed
asopioid peptidesthat arelikely to exert influence on emotional
and psychological state. Endogenous opioid peptides are
extensgively involved in the modulation of stress¥ and regulation
between central nervous system and immune system. We found
that immune function was changed markedly (IL-1; in serum
wasincreased, whilelL-2 and IL-6 in serum were decreased) in

rats under chronic immobilization stres§?. The average optical
density of glucocorticoid receptor (GR) in hippocampus CA; and
parieta lobe cortex wasmarkedly increased after 7 dimmobilization
stress (180 min daily) exposure in comparison with normal
control, but it was declined to the normal level after 21 d of stress
exposure; thelevel of plasma adrenocorticotropin (ACTH) and
serum cortisol had similar changesto that of GRE. Arethe opioid
peptidesin hippocampusimplicated for the regulation of immune
and internal secretion function under restrain stress? Here, we
used animal models induced by chronic immobilization stress
to observe the characteristic changes of expression of enkephalin
MRNA and prodynorphin mRNA with reverse transcription-
polymerase chain reaction (RT-PCR) in rat hippocampus.

MATERIALS AND METHODS

Subjects

Thirty male, Sprague-Dawley rats, weighing 180-220 g, were
supplied by the Research Center of Experimental Animals
“Weitong Lihua” in Beijing, with qualified certification No:
SCXK-BJ2002-0003. They were randomly divided into three
groupsof 10 each: thenormal control group (group A), the model
group of 7 d (group B) and the model group of 21 d (group C).
The rats were housed in groups of 5 rats in each cage and
provided freeaccesstofood and water (20-24 °C, rel ative humidity
of 30-40%).

All experiments conformed to the guidelines of NIH on the
ethical use of animals. All efforts were made to minimize the
animal suffering and maintain the number of animals necessary
to produce reliable data.

Modeling methods

A T-form bound brace (self-made) wasused: A framewith length
of 20cmandwidth of 10 cmandthicknessof 2.8 cmwasprepared.
Its upper platform was of 22 cm in length and 6.6 cm in its
widest part. A small frame for fixing therat’s head at the front
end and grooves for rat’s limbs were adapted. In the upper
platform three adaptable soft bands, of which two are wide and
oneisthin, for fixing the rat in the head and neck, chest and
loins, loinsand back respectively were added. Means of chronic
binding were applied in order to create stress models of rats.
Theratswereimmobilized in the above-noted binding bracefor
3 hdaily and for either 7 or 21 consecutive days.

Extraction and measurement of total RNA

Extraction of total RNA of rat hippocampus: Ratsweredecapitated
at the end of modeling and hippocampus tissues were rapidly
taken bilaterally out and placed on theice-plate. The tissues of
50-100 mg were mixed with 1 mL pre-cold TRIzol (Gibcol) and
were sufficiently ground in the appliance for grinding tissue.
The homogenates produced were thereafter placed inice for
5 min. Homogenates of hippocampus were added into 0.2 mL
chloroform and drastically agitated for 15 sand placed inicefor
2-3min. Theresulting solution wasthen centrifuged at 12000 g
for 15 min. Supernatant was taken out and mixed with 0.5 mL
isopropanol and placed for 5-10 min at room temperature. The
resulting solution wasthen centrifuged at 12 000 g for 10 min at
4 °C and the supernatant produced was then removed. The
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sediment was rinsed with 0.5 mL of 750 mL/L freshly made
alcohol solution and centrifuged at 7 500 r/minfor 5minat 4 °C
and the resulting supernatant was then removed. The sediment
wasdried at room temperature and then dissolved by 1 g/L diethyl
pyrocarbonate (Sigma), in order to produce a concentration at
which 1 pg RNA wasresolved in 1 mL water.

Total RNA detection by electrophoresis

A 2-pL sampleof thetotal RNA extracted was demonstrated by
electrophoresis on 10 g/L agarose gel under constant voltage
for 20 min. The strips of 28S, 18S and 5S were observed in the
gel image system.

Quantification and purity identification of RNA

Certain amount of RNA samplewasdiluted (10- or 20- fold) and
its concentration and purity were measured by ultraviolet
spectrophotometer. Measurement of absorbance Az Was
chosen to count the concentration of RNA (ug/pL) and ratios
of Agso/ Acso Were chosen for its purity which wasrequired as 1.8-2.0.
Therefore, RNA with ratios less than 1.7 was deserted.

PCR primer design

Primers of 3-actin, enkephalin and prodynorphin, of which 3-
actin was taken as inner-control of quasi-quantification PCR,
were respectively designed by the software of Primer 5.0
according to the sequence of GenBank and synthesized by
Sanboyuanzhi Company. Sequences of primerswere asfollows:
[-actin: Primer of theupper stream: 5'-CATCTCTTGCTCGAAG
TCCA-3', Primer of thedown stream: 5" -ATCATGTTTGAGAC
CTTCAACA-3. Enkephalin: Primer of the upper stream: 5'-
ATGGCGTTCCTGAGACTTTGA-3', Primer of thedownstream:
5-TAGAGTTTTGGCGTATTTCGGAGGC-3'. Prodynorphin:
Primerof theupper gream: 5 -ATGGCGTGGTCCAGGCTGATGC-
3', Primer of the down stream: 5 -AGTTTGTAGATTTA
GAAGCCTTATCC-3'. Genes of enkephalin (810 bp) and
prodynorphin (747 bp) were respectively amplified.

Reverse transcription reaction

A sample of RNA waskept at constant temperature of 70 °C for
10 min, centrifuged for several seconds and then placed in a
water-bath. The following reaction (20 pL) happened in the
centrifugal tubeof PCR of 0.5mL: 1 L random primer 50 ng/pL;
1pL dNTP(10mmol/L) (Promega); 4 uL 5xRT buffer; 1L mixed
solution of reversetranscriptase; 2 UL RNA sample; 1 uL DEPC-
ddH,0. The above-noted reaction system was placed at room
temperaturefor 10 min and kept at constant temperature of 37 °C
for 30 min, at 95 °C for 5min, and then at 4 °C for 3min prior to
next procedures.

Amplification of target DNA by PCR
Enkephalin and prodynorphin were respectively amplified by
PCR (PCT-100TM Programmable Thermal Controller, product
of MJRESEARCH, INC, America). Thefollowing materia swere
included in a50 pL reaction system: 6 uL RT reaction product;
4.5 L 10xPCR buffer; 1uL dNTP(10mmol/L); 1L (50 pmoL)
sense primer (enkephalin or prodynorphin); 1 pL (50 pmoL)
antisense primer (enkephalin or prodynorphin); 1 uL Tag DNA
polymerase (Promega); 35.5 UL DEPC-ddH20. Inthe meantime,
primer of enkephalin or prodynorphin was replaced by -actin
to perform PCR reaction with the rest reaction system noted
above. The above systemswere sufficiently mixed and centrifuged,
then PCR reactions performed after adding 50 L light minerd ail.
Temperatures of 46, 52 and 58 °C were respectively chosen
as annealing temperature, so that three of them would be able
to be used for amplification, while non-specific DNA segments
would not occur. The last condition of optimized reaction was
asfollows: pre-degeneration at 94 °C for 3 min, tempering at

52 °C and extension at 72 °C, for 30 cycles, thereafter extension
a 72 °Cfor another 15 min.

Amplified product was detected with 10 g/L agarose gel
electrophoresis and analyzed with gel image analysis system
FIT-5000 (Sweden). Ratio of optical density of the target genes
and ratio of optical density of 3-actin, which can be expressed
asadablevaueinthetissue (and it wastherefore taken asinterior
contral strip), were employed asdatafor quasi-quantified analysis.

Statistical analysis

Data were expressed as mean+SD and software of SPSS was
applied for statistical analysis. ANOVA was performed for
comparison among groups and followed by a post-hoc test.
Significance was accepted at P<0.05.

RESULTS

General state of rats
Rats manifested symptoms such as lassitude, fewer activities,
no gloss in hair, decreased food intake and loose stools.

Electrophoresis of total RNA

Threestripsof 28S, 18Sand 5Swere observed after theextraction
of the total RNA from the rat hippocampus with TRIzol RNA
and electrophoresis.

Results of PCR amplification

Corresponding strips of target DNA were obtained viareverse
transcription and PCR. The length of the strip of B-actin DNA
was 300 bp, that of the enkephalin was 810 bp and that of the
prodynorphin was 747 bp.

The expression of enkephalin MRNA was mildly increased
intherat hippocampus of group A, and significantly increased
in the rat hippocampus of group C (P<0.01, P<0.05) when
compared withratsin group A and B, respectively. Theexpression
of prodynorphin mRNA was significantly increased in the rat
hippocampus of group B and C when compared with ratsin
group A (P<0.01). The expression of prodynorphin mRNA in
the rat hippocampus in group C was remarkably higher than
that in group B (P<0.01). Theresultsare shownin Table 1.

Table 1 Expression of enkephalin mRNA and prodynorphin
mRNA in rat hippocampus (n = 5, mean £SD)

Group Enkephalin mRNA Prodynorphin mRNA
A 0.284+0.013 0.360+0.017

B 0.308+0.018 0.492+0.036°

C 0.352+0.028"° 0.624+0.026%

Statistical analyses were performed by analysis of variance
and post-hoc test. °P<0.01 vs group A; °P<0.05, 9P<0.01 vs group B.

DISCUSSION

Endogenous opioid peptides, which mainly include enkephalin
family (methionine enkephalin and leucine enkephalin),
endorphin family (a-endorphin, (3-endorphin and y-endorphin)
and dynorphin family (dynorphin A and dynorphin B), are one
class of matters with opioid action, naturally generated in the
brain of mammals. It has been reported that endogenous opioid
peptides are extensively involved in the regulation of stress
and exert important effect on mediating the central nervous
system and immune system(*7

The increased expression of opioid peptides including
enkephalin mRNA and prodynorphin mRNA in our study, may
influence hippocampal function and facilitate long-term
depression (LTD) of the Schaffer collateral input to CA1
pyramidal neurong®. Chronic stress increased the synthesis
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of opioid peptidesin the nervous system and increased plasma
glucocorticoid® .

Enkephalin is extensively distributed inside the brain asa
kind of endogenous opioid peptides. It plays several rolesin
analgesia, cardiovascular, respiratory and body temperature
regulation viareceptors of endogenous opioid peptidesincluding
widespread immunity modulation after it is generated and
released. In addition, enkephalin can exert itseffect onregulating
the immune functions of body under both normal and stress
conditions. Both methionine enkephalin and |eucine enkephalin
can influence the activity and the formation rate of rosettes of
T lymphocyte, aswell asthe activity of naturd killer cellsinthe
body under physiological conditiong®®. The mechanism of
enkephalininvolvedin regulating immunity under physiological
conditions hasyet to be clarified. More researches have focused
on the mechanism of enkephalin in regulating immunity in
different stress sSituations. Researches suggested that methionine
enkephalin and leucine enkephalin could markedly inhibit the
cytotoxic action that can be stopped by naloxone, a substance
that is produced by the natural killer cells, under the stress
induced by eectric shock inrats. Therefore, endogenous opioid
peptidesplayed animportant roleinimmuneregul ation stimulated
by stresgt2,

Hippocampusisacrucia structure iswhich enkephalin can
regulate immune function via IL-1a. A spleen lymphocyte
proliferation reaction stimulated by Canavalia protein A could
bemarkedly reinforced by microinjection of methionineenkephalin
and leucine enkephalin into rat hippocampus (similar result
obtained in the experiment of mice)*®. The inhibitive effect of
enkephalinon|L-1 geneexpression of thegliacell inhippocampus
may shed lightson themechanismsinvolved intheimmunologica
amplification by microinjection of enkephalin, which inhibits
gene expression of IL-1a viaopioid receptorsin glia cells of
hippocampus or in certain nerve cell membranes that possess
the capacity of generating IL-1a, and result in decreased
activating effect of IL-1a onthe hypotha amus-pituitary-adrenal
axistogether with decreased synthesisof IL-1a insidethebrain,
and simultaneous strengthening of the immune function of
body by decreasing the blood plasma corticoid!*+¢,

It was demonstrated in the present study that expression of
enkephdinmRNA wasmildly increased after 7 d and significantly
increased after 21 d under the conditionsof chronicimmobilization.
In general, increase of enkephalin will result in poorer immune
function. Inlinewith our former researchi?, thesubstantial decrease
of the transforming function of the spleen lymphocytesin rats
most likely originated from the indirect inhibitive action of
enkephalin. It means that the increase of enkephalin would
inhibit gene expression of central IL-1a and islikely toresultin
lower IL-1a insidethe brain.

Prodynorphin, containing the sequence of leucine enkephalin
at N-terminal which was considered asiits precursor at first, is
another member of the endogenous opioid peptides with
analogous distribution inside the brain in striatum, hippocampus
and hypothalamus.|t also exists in adrenal glands and genital
organs. The splitting process of prodynorphin is complicated
and its main products include dynorphin A 1.7, dynorphin Bz,
dynorphin A;.gand neo-endorphin. In addition, generation of
prodynorphin mRNA is affected by multiple factorsin many
regionsof brain. For instance, gamma-aminobutyricacid (GABA)
can decrease its generation in neo-striatum.

With dual action, dynorphin can not only protect, but also
damage the nerve cellsin some cases. It was indicated that the
expression of prodynorphinin rat hippocampuswas significantly
increased and its change was likely to be earlier than that of

enkephalin under the condition of chronicimmobilization stress.
Taken together our previous and current experiments, increase
of dynorphinislikely to result in certain nerve damage as fewer
numbers of brain-derived neurotrophic factors (BDNF) and
neurotrophin 3 (NT3) might exert fewer protective effects on
the nervous system under chronic immobilization stress.
Whether and how dynorphin correlates with neurotrophins
have yet to be established.
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Abstract

AIM: To observe the plasticity of whether dermis-derived
multipotent cells to differentiate into insulin-producing
pancreatic cells /n vitro.

METHODS: A clonal population of dermis-derived multipotent
stem cells (DMCs) from newborn rat with the capacity to
produce osteocytes, chondrocytes, adipocytes and neurons
was used. The gene expression of cultured DMCs was
assessed by DNA microarray using rat RGU34A gene
expression probe arrays. DMCs were further cultured in
the presence of insulin complex components (Insulin-
transferrin-selenium, ITS) to observe whether DMCs could
be induced into insulin-producing pancreatic cells in vitro.

RESULTS: DNA microarray analysis showed that cultured
DMCs simultaneously expressed several genes associated
with pancreatic cell, neural cell, epithelial cell and hepatocyte,
widening its transcriptomic repertoire. When cultured in
the specific induction medium containing ITS for pancreatic
cells, DMCs differentiated into epithelioid cells that were
positive for insulin detected by immunohistochemistry.

CONCLUSION: Our data indicate that dermal multipotent
cells may serve as a source of stem/progenitor cells for
insulin-producing pancreatic cells.

Shi CM, Cheng TM. Differentiation of dermis-derived
multipotent cells into insulin-producing pancreatic cells /n vitro.
World J Gastroentero/ 2004; 10(17): 2550-2552
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INTRODUCTION

Organ-specific stem cells possess plasticity that can permit
differentiation along new lineages and have significant
implications for future therapies of diabetes. The production of
endocrine pancreas and insulin-secreting beta cells from adult
nonpancreatic stem cells and hepatic oval stem cell has been
demonstrated*?. Zulewski et al. also showed that pancreatic
islets contained a heretofore unrecognized distinct population
of cells that expressed the neural stem cell-specific marker
nestin. The nestin-positive islet-derived progenitor (NIP) cells
are adistinct population of cells that reside within pancreatic
islets and may participate in the neogenesis of islet endocrine

cellg2. According to this result, liver stem cells have been
proved to differentiate into pancreatic islet-like cellg3. Dermis
isahighly accessibletissue source for adult stem cells. Nestin-
positive skin-derived stem cells have been isolated from dermis
by Toma et al'®. In our previous study, we isolated a clonal
population of dermal multipotent cells by their adherence to
tissue culture plastic (termed as plastic adherent DM Cs) from
newborn rat dermis. These cells showed the differentiation
capacity to produce nestin-positive cell§®. In this study, we
aimed to investigate whether plastic adherent DMCs had the
differentiation capacity to produceinsulin-producing pancreatic
cellsinvitro.

MATERIALS AND METHODS

Materials

A clonal population of dermis-derived multipotent stem cells
(DMCs) was used in the experiments. The clonal population of
DMCswereisolated and identified from primary dermal cells of
male newborn Wistar rat as previously described®. All tissue
culture reagents, including Iscove's Modified Dulbecco’s
Medium (IMDM), ITS (insulin-transferrin selenium), epidermal
growth factor, basic fibroblast growth factor, were purchased
from Sigma (St. Louis, CA, USA). Fetal bovine serum (FBS)
was purchased from Hyclone (Logan, UT, USA). The rat
RGU34A gene expression probe arrays were purchased from
Affymetrix (Santa Clara, CA). Mouse anti-insulin monoclonal
antibody was purchased from Sigma (St. Louis, CA, USA).
Horseradish peroxidase (HRP)-labeled goat anti-mouse 1gG
antibody was purchased from Boster (Wuhan, China).

Methods

Céll culture The DMCs were cultured in IMDM medium
containing 10 mL/L fetal bovine serum and 100 U/mL penicillin
and 100 pg/mL streptomycin. Culturesweremaintained at 37 °C
in a humidified atmosphere containing 50 mL/L CO,. For
differentiation induction, DM Cs were transferred into specific
inducing medium containing 10 pg/mL of keratocyte growth factor
(KGF), 20 ng/mL of epiderma growth factor (EGF), 10 mmol/L of
nicotinamide, and 1 mg/mL of ITS. The differentiated cellswere
examined for theinsulin expression by immunohistochemistry.
DNA Microarray analysis Total RNA from cultured DMCs
wasisolated using QIAGEN’ s RNeasy total RNA isolation kit
(Rneasy, Qiagen) following the manufacture’ sinstructions, and
quantified. Transcript profiling was conducted by means of rat
RGU34A gene expression probe arrays, containing 8 799 probe
sets, interrogating primarily annotated genes. The experiment
was conducted according to the recommendations of the
manufacturer (Affymetrix GeneChip expression analysis
manual). The resulting “data-file” was processed further using
the microarray analysis suite 5 software package (Affymetrix).
According to the statistical expression analysis algorithm, the
presence of a gene within a given sample was determined at a
detection P value of <0.05 and was graded as absent (A),
marginal (M), or present/positive (P).

I mmunocytochemistry Immunocytochemistry study with
peroxidase-labeled streptavidin biotin method was performed
to detect the expression of insulinin differentiated cells. Before
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detection, the cells were washed three times for 20 min with
phosphate-buffered saline (PBS, PH = 7.2) to exclude the
pollution of exogenous insulin in the culture medium. After
washing, thecellswereblocked for 30 minwith 100mL/L normal
goat serum in PBS and wereincubated with mouse anti-insulin
antibody (1:100) at 4 °Cfor 24 h. Incubation at room temperature
with anti-mouse secondary antibody and avidin-biotinylated
peroxidase complexes was performed for 2 h. The specimens
werewashed for 15 minwith 0.01 mol/L PBSbetweendl steps. The
reaction product was developed with 0.5 g/L 3' 3-diaminobenzine
tetrahydrochloride (DAB). After staining, the result was
observed microscopically. PBS was used as a substitute for
primary antibody as negative control.

RESULTS

Biological properties of DMCs

Most adherent DM Cs were of spindle-shaped cells (Figure 1).
Phenotype analysis showed that DM Cs were negative for some
lineage-specific surface markers, including pan-cytokeratin,
cytokeratinl9, factor V11, CD31, CD45, CD34, a-smooth muscle
actin (a-SMA), desmin, collagen 11 and nestin, but were positivefor
CD59, CD90, CD44, vascular cell adhesionmoalecule-1 (VCAM-1)
and intercellular adhesion molecule-1 (ICAM-1). The doubling
time of cultured DM Cs was about 40 h. Following induction,
DM Cshad the capacity to differentiateinto cellswith phenotypic
characteristics of osteocytes (akaline phosphatase activity and
aizarin red staining), adipocytes (oil red staining), chondrocytes
(collagen Il and Alcian blue staining) and neurons (nestin and
NF-200 staining) in specific induction media.

Figure 1 Morphology of cultured DMCs. (Inverted microscope,
x100).

Gene expression profile of plastic-adherent DMCs

The gene expression of DM Cswas assessed by DNA microarray
analysis and the harbinger of a potentia cell type was viewed
by simultaneous expression of apand of lineage-related genes.
The result revealed that the cultured DM Cs simultaneously
expressed genes associated with pancreatic cells (Table 1).
DMCs also simultaneously expressed transcripts for epithelial
cell, neural cell, and hepatocyte as well (Table 1). These
transcripts were devel opmentally related with pancrestic tissue
and further widened the transcriptomic repertoire of DMCs. To
confirmthedataby DNA microarray, severa geneswerefurther
tested by RT-PCR and the result was consistent with the result
from microarray (datanot shown).

Figure 2 Differentiation of DMCs into insulin-producing cells.
A: After induction in the medium containing ITS for 4 wk,
cells were positive for insulin; B: Negative control (SP,
%x200).

Table 1 DMC gene lists (partial) associated with diverse cellular lineages

Cell lineage

Representative examples of associated genes

A: Pancreatic cell

Pancreatic eukaryotic initiation factor 2 alpha-subunit kinase (PEK), pancreatic secretory trypsin inhibitor-

like protein (PSTI), pancreatic islet cDNA Rattus norvegicus cDNA similar to rapamycin-binding protein
FKBp-13, insulin 11 gene, IRS-1 mRNA for insulin-receptor, mMRNA for glucose-dependent insulinotropic

polypeptide
B: Neural cell

Neural visinin-like Ca2+-binding protein type 3, neuron-specific enolase, neuronal nitric oxide

synthase, GABA receptor-associated proteins, NCAM, brain-derived neurotrophic factor (BDNF),
syntaxin 7, glial fibrillary acidic protein (GFAP), adrenomedullin, myelin protein SR13 (growth-
arrest-specific Gas-3 homolog), neurotrimin; secretogranin |1, synapse-associated protein 102, latexin,
kexin-like protease PC7A, N-methyl-D-aspartate (NMDA) receptor

C: Epithelial cell

Epithelial membrane protein 1, epithelial cell transmembrane protein antigen precursor, epidermal growth

factor precursor, heparin-binding EGF-like growth factor , mucin, parathymosin and thy mosin 4 and 10

D: Hepatocyte

Liver glycogen phosphorylase enzyme, liver IL-6 receptor ligand binding chain, liver specifc tran scription

factor LF-B, liver nuclear protein P47, liver aL-Fucosidase, hepatocyte nuclear factor 3a (HNF-3beta)

Expression of a single gene can’t define the phenotype of a particular cell type. Simultaneous expression of a panel of lineage-
related genes in single isolated cell was viewed as the harbinger of a potential cell type. Representative examples of genes
corresponding to each cell lineage are outlined in the above table.
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Differentiation of DMCs into insulin-producing pancreatic cells
DMCs were further tested for their capacity to produce
pancrestic cells in the inducing medium containing ITS. The
morphology of DM Cs were changed into epithelial cells-like
cells when cultured in medium containing ITS for 2 wk and
immunohi stochemistry showed that a proportion of cells (less
than 10 %) were positive for insulin when cultured in medium
containing ITSfor 4 wk (Figure 2). The negative control cells
showed no positive staining for insulin. This result further
indicated that DM Cs could undergo differentiation to form
insulin-producing cells.

DISCUSSION

Replacement of the insulin-producing pancreatic islet acells
represents the ultimate treatment for type | diabetes. Recent
advances in islet transplantation underscore the urgent need
for developing alternatives to human tissue donors, which are
scarce. The generation of insulin-producing cells from adult
stem cells is one possible approach®?. Recent studies have
suggested that there are closely developmental relationship
between the nestin positive progenitors and the pancreatic
cell§%3, |n addition to liver stem cellsand neural stem cells,
multipotent stem cells from dermis have been proved to have
the capacity to produce nestin positive cellg* 9. In this study,
we further reported that dermis-derived multipotent stem cells
also showed aremarkabl eflexibility to differentiateinto insulin-
producing cells, when the appropriate stimuli were given. Since
dermal cells arerelatively easy to access and they also can be
used for autologous use that may represent a safety advantage,
dermis-derived multipotent cells may serve asasource of stem/
progenitor cellsfor B cells.

Nevertheless, the efficiency of adult sem cdllsto differentiate
into insulin-producing cellsin vitro is low at present and
expansion with large scale is needed for application. Genetic
manipulation in tissue culture may beachoiceand it ispossible
that new insights into endocrine pancreas devel opment will
lead to the manipulation of progenitor cell fate towards the 8
cell phenotype of insulin production, storage and regul ated
secretion** 1, |f successful, these approaches could lead to
widespread cell replacement therapy for type | diabetes.
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Abstract

AIM: Microcirculatory disturbances are important early
pathophysiological events in various organs during acute
pancreatitis. The aim of the study was to evaluate changes
in microperfusion of the pancreas, liver, kidney, stomach,
colon, skeletal muscle, and to investigate the influence of
heparin on the organ microcirculation in caerulein-induced
experimental acute pancreatitis.

METHODS: Acute pancreatitis was induced by 4
intraperitoneal injections of caerulein (Cn) (15 pg/kg). The
organ microcirculation was measured by laser Doppler
flowmetry. Serum interleukin 6 and hematocrit levels were
analysed.

RESULTS: Acute pancreatitis resulted in a significant drop
of microperfusion in all examined organs. Heparin
administration (2x2.5 mg/kg) improved the microcirculation
in pancreas (36.9+4% vs 75.9+10%), liver (56.6£6% vs
75.2+16%), kidney (45.1+6% vs 79.3+5%), stomach
(65.2+£8% v578.1+£19%), colon (69.8+6% vs5102.5£19%),
and skeletal muscle (59.2+6% vs 77.9+13%). Heparin
treatment lowered IL-6 (359.0+66 U/mL vs288.5+58 U/mL)
and hematocrit level (53+4% vs 46+3%).

CONCL USION: Heparin administration has a positive influence
on organ microcirculatory disturbances accompanying
experimental Cn-induced acute pancreatitis.

Dobosz M, Mionskowska L, Haae S, Dobrowolski S, Dymecki D,
Wajda Z. Heparin improves organ microcirculatory disturbances
in caerulein-induced acute pancreatitis in rats. World J
Gastroentero/ 2004; 10(17): 2553-2556

http://www.wjgnet.com/1007-9327/10/2553.asp

INTRODUCTION

Pathophysiolsogy of acute pancrestitis (AP) is heterogeneous
and involves a complex cascade of events. Impaired tissue
perfusion within the pancreatic gland is one of the early
disorders accompanying the disease*2. Prolonged ischagmia
and impaired tissue oxygenation, resulting from vasoconstriction,
hemoconcentration, hypercoagul ation, leukocyte adherence,
increased vascular permeability, and interstitial oedema, play

an important role in the progression of the disease, leading to
the development of pancreatic necrosis®>4. Besides the
pancreas, the microcirculatory disturbances, as a conseguence
of hypovolemiaand systemic inflammatory response, are also
observed in other organg>®.,

Although the hypovolemiaand impairment of cardiac output
can be normalized easily by vigorous fluid replacement,
microcirculatory disturbances may be prevented merely by
adequate fluid therapy, even though the cardiovascular
parameters are stabilized at the baseline level!®. Various
vasoactive mediators, as bradykinin, endothelin, thromboxan,
platelet activating factor, and nitric oxide participate in the
development of microcirculatory failure®®, Inthe last decade,
thebeneficial effect of therapeutic Strategiesin acute pancredtitis,
affecting vasoactivemediators, isconfirmed in severd experimental
studies.

One of the possible therapeutic agents, influencing
microcirculatory disturbances by means of its anticoagulant
and antiinflammatory properties, which could be applied in acute
pancreatitis, is heparin. Some reports underlined beneficial
impact of thiswell known polysaccharide on the course of the
diseasel’®?, |n this study we examined whether heparin
influenced splanchnic malperfusion in experimental caerulein-
induced acute pancreatitisin rats.

MATERIALS AND METHODS

Animal models

The study was carried out on 34 male Wistar rats weighing
180-200 g. Theratswere kept on astandard rat chow and fasted
overnight before the experiment with water ad libitum. Acute
pancreatitis was induced by four intraperitoneal injections of
caerulein (Cn) (Sigma, St. Louis, USA) (15 pg/kg) in 1 mL of
saline at 1hintervals. at the begining, and consecutively after
the first, second, and third hour of the experiment. Five hours
after the first caerulein injection, rats were anaesthetized with
pentobarbital sodium (40 mg/kg). Following the anaesthesia, a
|aparotomy was performed, and a fiberoptic probe of laser
Doppler flowmeter (Periflux 4 001, Perimed Jarfalla, Sweden)
was positioned against the surface of the pancress, liver, kidney,
stomach, colon, and skeletal muscle of thighin order to estimate
the organs’ perfusion. Blood flow was measured in three
different portions of each organ, the mean values were
calculated, and presented as percent changes from basal values
obtained in control rats (100%). After the measurements, blood
was aspirated from the inferior caval vein for hematocrit and
interleukin 6 tests, the pancreas was removed for microscopic
evaluation, and the animals were exsanquinated.

The animals were randomly allocated into three groups:
Group | (n=10), control; Group |1 (n=12), Cn-induced pacrestitis
without treatment; and Group |11 (n=12), Cn-induced pancrestitis
treated with heparin (Polfa, Warszawa, Poland) 2x2.5mg/kg, given
in the 3 and 4™ hafter the first Cn injection.

This study was approved by the Ethical Committee of the
Medical University of Gdafisk.

Interleukin-6 functional assay
The IL-6 bioassay was performed using the IL-6 dependent
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mouse hybridomacell line B9 obtained from Dr. Lucien Aarden,
Netherland Red Cross, Amsterdam. B9 cellswere cultured inflat
bottomed micratitre plates (10 000 cellswell) in the presence of
serid dilutionsof test sera. Starting serum dilutionswere 1:10for
all specimens. After 48 h of incubation, proliferation of the B9
cellswas measured using arapid colorimetric MTT (tetrazolium)
assay. The concentration of recombinant IL-6 producing half
maximal proliferation was defined asone unit of activity, and the
quantity of IL-6inaserum samplewas cal culated by referenceto
a standard curve. Polyclonal anti-IL-6 antibody (Boehringer-
Mannheim) was added into selected wells at concentrations: 1:10,
1:20, 1:50 in order to confirm the specificity of the assay. The
antibody completely blocked IL-6 activity.

Statistical analysis

Data are presented as mean+SD. The differences between the
groups were analysed by means of ANOVA test. Probability
values less than 0.05 were considered significant.

RESULTS

Four intraperitoneal caerulein injections resulted in marked
pancregtic oedemain all the rats. The microscopic examination
reveal ed oedematous form of acute pancreatitis, with inter-and
intral obular oedema, vacuolisation of parenchymal cells, and
leukocyteinfiltration within the pancrestic gland. No parenchymal
necrosis was detected.

Microcirculatory values

Caerulein induced acute pancreatitis resulted in a significant
drop of pancreatic microperfusion to 36.9+4% of basal values.
Administration of heparin significantly improved the
microcirculation of the pancreas up to 75.9+13%. Hepatic
perfusion in rats with pancreatitis receiving no treatment was
decreased to 56.6+6%, heparin injection raised this parameter
to 75.2+16%. Rend blood flow in group 11 with pancrestitiswas
diminished to 45.1+6%, which wasimproved significantly with
heparin treatment up to 79.3+15%. Microcircul atory values of
stomach and colonwall in acute pancreatitisgroup were reduced
t0 65.2+8% and 69.8+6% respectively. Intraperitones injection
of heparin caused improvement in the blood flow in stomach to
78.1+19%, and especially in colon to 102.55+19%. Similarly,
skeletal muscle perfusion in rats with pancreatitis was
significantly ameliorated after heparin administration from
59.2+3%1t0 77.9£13% (Figure 1).
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Figure 1 Microcirculatory parameters of pancreas, liver, kidney,
stomach, colon and muscle (Mean values). Legend: grey bars:
- control, white bars: - AP, black bars: - AP+heparin, #P<0.05 vs
control, °P<0.05 vs AP group.

Serum interleukin 6 assay

Cn-induced acute pancreatitis caused a significant increase of
serum IL-6 activity from 37.7+21 U/mL upto 359.0+66 U/mL in
control rats. The heparin administration significantly diminished

IL-6level to288.5+58 U/mL (Table 1).

Hematocritmeasurements

The mean hematocrit level of the control group without
pancreatitis was 41+3%. In group Il with Cn-induced
pancreatitis the hematocrit was significantly increased to
53+4%. Heparin administration in animals with pancreatitis of
group I11 sgnificantly reduced the hematocrit to 46+3% (Table 1).

Table 1 Interleukin 6 and hematocrit levels in the three groups

Group Interleukin Hematocrit
6(U/mL) (%)
Control 37.7+21 4143
Acute pancreatitis 359.0+66° 53+42
Acute pancreatitis + heparin 288.5+58¢° 46x3¢

aP<0.05 vs control, °P<0.05 vs acute pancreatitis group.

DISCUSSION

Caerulein-induced experimental pancreatitis was adopted by
many authors to investigate microcirculatory changes of AP.
The present study indicated that in Cn-induced acute
pancreatitis the microperfusion of the pancreas decreased to
36.9% of basal values. These observations are in accordance
with other investigations, which revealed the drop of local
pancrestic blood flow in Cninduced pancreatitig?3*4, dthough
amajority of microcirculatory studies did not report such an
obvious deterioration of the pancreatic perfusion as observed
in the current study. Such a sharp decline of the pancreatic
microperfusion might be influenced by the fact that the animals
did not receivei.v. fluid administration, and could be elucidated
also by an additional stress resulted from six i.p. injections of
the drugs in conscious animals. In Liu's study!*¥, the water
immersion stress in rats with Cn-induced pancreatitis caused
further pancreatic ischemia, diminishing the pancreatic blood
flow to 37% of the normal value, and was considered as an
aggravating factor in AP.

In contrast to these observations, the Heidelberg group
described increased pancreatic capillary flow in experimental
oedematous pancreatitig'>€, The discrepancy of the results
may be explained by various techniques of microcirculatory
measurements and i.v. fluid administration. On the other hand,
inthe model of necrotizing pancredtitis, the authors observed a
significant decrease of the pancreatic capillary flow!,

The disturbances of microcirculation in acute pancreatitis
were not only confined to pancreatic capillary bed but were
also observed in other organg®®. It was suggested that diffused
microcirculatory disorders might play a crucial role in the
development of the pancreatitis-associated multiorgan
dysfunction syndrome!”, some authors even defined severe
AP as a systemic dysfunction syndrome”*7,

The present study confirmed these data. Besidesthe pancreas,
reduced capillary perfusion was observed in liver, kidney,
stomach, colon, and skeletal muscles, however the drop in
perfusion of other organs was not so remarkable as in the
pancreas. This suggeststhat in pancredtitis, pancreatic gland is
especially susceptible to microcirculatory disorders. Kinnala
et al. found that splanchnic mal perfusion seemed to begin
with pancreatic hypoperfusion before disturbances in gut
microcirculation™. On the other hand, Hotz et al. noted that in
mild pancreatitis, pancreatic capillary perfusion remained
unchanged, whereas mucosal and subserosal colonic capillary
blood flow was significantly reduced. It was a so shown in their
experiment that severe pancrestitis was associated with amarked
reduction in both pancreatic and colonic capillary perfusion®®,

Microcirculatory disturbances in AP comprised many
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components: decreased capillary blood flow and capillary
density, increased capillary permeability, and enhanced
leukocyte-endothelial interaction™. It till remainsunclear which
of these factorsis the initiating one or the most important. It
seemsto belogical that any effort toimprovethe microcirculation
may be beneficial for all organs, irrespective of the underlying
initiating factors.

Many studies documented positive impacts of various
treatments on improving microcirculation in acute pancreatitis.
In studies by Konturek et al. and Liu et al. pancreatic
microperfusion was ameliorated with L-arginine (nitric oxide
donor) treatment!**14, Improvement of impaired pancreatic
microcirculation by isovolemic hemodilution with dextran was
observed by Klar et al.[9. Rheologic properties of pentoxifylline,
its antiinflammatory effect, reduction of thrombus formation,
and lowering of blood viscosity had a positive influence on
Cnrinduced pancrestitisin study of Gomez-Cambronero et al [,
Anadvantageous effect of ICAM-1 antibodieson microcirculaion
in AP was shown by Foitzik et al.’®, and Werner et al .2, A
singlei.v. injection of bovine hemoglobin in an experiment by
Strate et al. reduced microcirculatory dysfunction and
pancreatic tissue damage in rodent pancreatitis. In a study
by Zhao et al. Chinese natural medicines. Yuanhu (Y HI) and
Huoxuehuayu (HHI-1) had a positive impact on acute
pancrestitis devel opment, including pancreatic malperfusion
and serum IL-6 level. Recently, it was shown that endothelin
receptor blockade might be a promising therapeutic approach
in AR, resulting in improvement of microcirculation, decreased
capillary permeability and tissue injury!”224,

Intraperitoneal heparin administration in the current study
significantly improved blood perfusion of examined organs.
Thebeneficial effect of heparin on pancreatic microcirculation
may in theory have an influence on severity of the disease, it
could prevent or restrict the devel opment of pancreatic necrosis.
It was shown in our recent publication that heparin treatment
in oedematous pancreatitis ameliorated the microscopic
alterations of the pancreas: reduced leukocyte infiltration and
diminished pancreatic oedema?!.

By improving hepatic capillary blood flow, heparin could
influence phagocytic Kupffer cell functionintheliver whichis
important for eliminating antigens and toxic substancesin acute
pancreatitis. The study of Forgacs et al. showed a close
relationship between liver phagocytic function and hepatic
microperfusion in the early stage of experimental pancrestitig?!.
Onthe other hand, Chen et al. reveal ed that asignificant number
of adherent leukocyteswas observed in hepatic microcircul ation
2 h after the induction of AP27, This could impair hepatic
perfusion, and might be a potential target for heparin treatment.
In another study, Chen et al. observed beneficial effects of
protease inhibitor gabexate mesilate on pancreatic and hepatic
microcirculation®.

The pathophysiology of renal insufficiency, often observed
as acomplication of acute pancrestitis, is heterogeneous. The
improvement of renal blood flow observed after heparin
treatment in the rats with pancreatitis could also prevent this
complication. Foitzik et al. using endothelin receptor blockers
in severe acute pancreatitis, besides the enhancement of
pancreatic perfusion, observed improved renal function!”.

It was shown that decreased capillary blood flow in the
colonic mucosa was associated with impaired gut barrier
function and increased translocation of live bacteria through
the morphologically intact colonic wall®. The present study
revealed that heparin treatment in the group with pancreatitis
led the altered microperfusion of the colonic wall to the normal
level. It suggests that heparin administration may play arolein
prevention of secondary pancreatic infection.

Besides the organ microcirculatory improvement, heparin
administration significantly decreased interleukin 6 activity,

and reduced hematocrit level. IL-6 was areliable predictor of
acute pancreatitis severity?. Diminished IL-6 activity in the
group with APtreated with heparin may indicate that thistherapy
could limit inflammatory response observed in AP. Beneficial
influence of heparin on hematocrit level, observed in group 111,
may also suggest that heparin reduces capillary permesability,
not just in the pancreatic gland, and prevent the fluid to the
third space. Therefore heparin therapy may reduce the need for
vigorous fluid resuscitation as applied in patients with AP,

The improvement of systemic microperfusion after heparin
administration in rats with AP might be explained by its
anticoagulatory effect which diminished blood viscosity and
facilitated capillary blood flow. Besides its anticoagul ant
properties, heparin may play a positive role in AP treatment
duetoitsantiinflammatory effects: TNF inhibition*®, protection
from oxygen free radical s, the blockade of complement
activity® and histamine releasel®. It was also shown that
heparin prevented post-ischemic endothelid cell dysfunctiont®¥,
neutrophil adhesion®, and had an inhibitory effect on the
biosynthesis and release of endothelin-1, a very potent
endogenous vasoconstrictor(®37,

In conclusion, heparin counteracts microcirculatory
disorders, not only within the pancreas but also in other organs.
The preservation of organ microperfusion with this treatment
may be significant for diminishing and treating local and
systemic complicationsin AP.
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Abstract

AIM: To determine the long-term prevalence of Helicobacter
pylori (H pylori) gastritis in patients after partial gastric
resection due to peptic ulcer, and to compare the severity
of H pylor-positive gastritis in the corpus mucosa between
partial gastrectomy patients and matched controls.

METHODS: Endoscopic biopsies were obtained from 57
patients after partial gastric resection for histological
examination using hematoxylin/eosin and Warthin-Starry
staining. Gastritis was graded according to the updated
Sydney system. Severity of corpus gastritis was compared
between H pylori-positive partial gastrectomy patients and
H pyloripositive duodenal ulcer patients matched for age
and gender.

RESULTS: In partial gastrectomy patients, surgery was
performed 20 years (median) prior to evaluation. In 25
patients (43.8%) H pylori was detected histologically in
the gastric remnant. Gastric atrophy was more common in
H pylori-positive compared to H pylori-negative partial
gastrectomy patients (P<0.05). The severity of corpus
gastritis was significantly lower in H pyloripositive partial
gastrectomy patients compared to duodenal ulcer patients
(P<0.01). There were no significant differences in the
activity of gastritis, atrophy and intestinal metaplasia
between the two groups.

CONCLUSION: The long-term prevalence of H pylorigastritis
in the gastric corpus of patients who underwent partial
gastric resection due to peptic ulcer disease is comparable
to the general population. The expression of H pylori gastritis
in the gastric remnant does not resemble the gastric cancer

phenotype.
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INTRODUCTION

Helicobacter pylori (H pylori) isthe major etiological factor for
peptic ulcer disease and gastric MALT lymphoma, and isstrongly

linked to the development of gastric carcinoma*?®. Recently, a
gastric cancer phenotype of H pylori gastritis has been proposed,
whichischaracterized by an increased inflammation of the corpus
mucosa. This phenotype of H pylori gastritisis significantly
more common in patients with early gastric cancer, and soin
those with advanced stages of gastric cancer*®. Anincreased
severity of corpus inflammation has also been described in
particular risk groups for gastric cancer, such as first-degree
relatives of gastric cancer patientd®. In contrast, patients with
duodenal ulcer disease are characterized by a severe gastritis
in the antrum, but amild gastritisin the corpug”. Therisk for
gastric cancer in duodenal ulcer patientsis low compared to
the general population'®.

Patients underwent partial gastric resection for peptic ulcer
areat high risk for developing cancer in the gastric remnant’®.
Several mechanisms have been proposed for this phenomenon.
It has been suggested that stump cancers uniformly develop
upon a background of chronic mucosal changesin the gastric
remnant(®13, Factors that may contribute to cancer of the
gastric remnant include enterogastric pancreaticobiliary reflux,
hypochlorhydria, microflora, and N-nitroso compounds*4,

Therole of H pylori gastritis with respect to cancer risk in
patients underwent partial gastric resection for benign peptic
ulcer diseaseisnot clearly defined. Assuming that the majority
of peptic ulcer patients were H pylori-infected at the time of
surgery, persisting H pylori infection and long-term inflammation
of the gastric corpus mucosamight contribute to carcinogenesis
in these patients.

The aim of our study was therefore to determine the
prevaenceof H pylori gastritisin the gastric remnant of patients
who underwent partial gastric resection, and to test the hypothesis
that H pylori-positive patients with partial gastric resection
may have a more severe corpus gastritis resembling the gastric
cancer phenotype of H pylori gastritis.

MATERIALS AND METHODS

The study included consecutive patients who were admitted
to our ingtitution for surveillance endoscopy after partial gastric
resection dueto peptic ulcer disease. Exclusion criteriaincluded
previoussurgery for gastric cancer, previoustreatment for H pylori
infection, and apresent ulcer or tumor under endoscopy. Further
exclusion criteriaincluded pretrestment with antibiotics, proton-
pump inhibitors, non-gteroida anti-inflammatory withinthe 4 wk
before study entry.

Endoscopic biopsieswere routinely obtained in 4 quadrants
from the anastomosis, or from any suspicious macroscopic
lesion. In addition, 2 biopsies were obtained from the middle of
theremnant corpusand 2 fromthe cardiafor ng prevaence,
severity of H pylori gastritis, and gastric atrophy. All biopsy
specimenswerefixed in 40 g/L formaldehyde and embedded in
paraffin. Sections were stained with hematoxylin and eosin and
Warthin-Starry. The presence of H pylori colonization as well
asintestinal metaplasiaand atrophy were judged as positive or
negative. The grade of gastritis (infiltration of lymphocytes
and plasmacells), theactivity of gadtritis (infiltration of neutrophil
granulocytes), and the replacement of foveolar epithelium by
regenerative epithelium were assessed by a semiquantitative
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scale (grade O = negative, grade 1 = mild, grade 2 = moderate,
grade 3 = severe) in accordance with the updated Sydney
system(*®,

The control group consisted of H pylori-positive patients
with duodenal ul cer diseasewho participated in previousclinical
trial$” and who were age- and gender-matched. In these patients,
endoscopic biopsies have been obtained from the antrum and
the corpus, and were processed as described above. All histological
slides were assessed by a single pathologist.

Data analysis was performed using the statistical software
package SPSS 10.0 for Windows. The Chi-squaretest or Fisher
exact test was used when appropriate. P<0.05 was considered
statistically significant.

RESULTS

A total of 57 patientswith partial gastric resection wereincluded
into the study (19 males and 38 females, median age 64 years,
range 26-92 years). The time period between surgery and
histology assessment ranged from 8 to 47 years with amedian
of 20 years. None of the intragpithelial neoplasia was detected
at the gastric anastomosis. In 25 patients (43.9%) H pylori was
detected histologically in the gastric remnant.

Table 1 summarizes the histological featuresin the corpus
and cardiaof partial gastrectomy patients. For analysis purposes,
patients with grade 0 and 1, and patients with grade 2 and 3
were combined, respectively. There was ahigher proportion of
patients with moderate or severe activity of gastritis in the
corpus (P<0.0005) and cardia(P = 0.007) among H pylori-postive
patients compared to H pylori-negative partial gastrectomy
patients. In addition, the proportion of patients with atrophy in
the corpus mucosa was significantly higher among H pylori-
positive compared to H pylori-negative patients (P = 0.047).
No significant differences were found with regard to grade of
gastritis, regenerative epithelium and the presence of intestinal
metaplasia between H pylori-positive and H pylori-negative
partial gastrectomy patients.

The comparison of corpus gastritis between H pylori-
positive partial gastrectomy patients and H pylori-positive
duodenal ulcer patientsissummarizedin Table2. Theproportion
of patients with moderate or severe grade of gastritisin the
corpus (P = 0.001) and with moderate or severe regenerative
epithelium (P = 0.004) was significantly lower in H pylori-
positive partial gastrectomy patients than that in H pylori-
positive duodenal ulcer patients, respectively. A similar trend
was observed for the activity of gastritisin the corpus, however

the differenceswere not statistically significant. The prevalence
of intestinal metaplasia in the corpus mucosa was similar in
both groups. The prevalence of atrophy in the corpus mucosa
was higher in partial gastrectomy patients, however the
difference did not reach statistical significance.

Table 2 Severity of corpus gastritis in H pylori-positive partial
gastrectomy patients and H pylori-positive duodenal ulcer pa-
tients matched by age and gender

Duodenal P
ulcer (n = 25)

Partial
gastrectomy (n = 25)

Grade of gastritis

Grade 0 or 1, n (%) 24 (96)
Grade 2 or 3, n (%) 1(4)
Activity of gastritis

13 (52)
12 (48) 0.001

Grade 0 or 1, n (%) 16 (64) 11 (44)

Grade 2 or 3, n (%) 9 (36) 14 (56) 0.256
Regenerative epithelium

Grade 0 or 1, n (%) 25 (100) 17 (68)

Grade 2 or 3, n (%) 0 (0) 8 (32) 0.004
Intestinal metaplasia

Present, n (%) 5 (20) 5 (20) 1.00
Atrophy

Present, n (%) 11 (44) 5 (20) 0.128

DISCUSSION

In the present study the prevalence of H pylori gastritis in
patients underwent partial gastrectomy was 43.9% which is
comparableto the average population in Germany and whichis
within the range of other studies on the H pylori prevalencein
partial gastrectomy patients¢2%,

An association between H pylori infection and an increased
acute and chronic inflammeatory response and ahigher prevalence
of chronic atrophic gastritis and intestinal metaplasiain the
gastric remnant mucosa has been described¢8 while others
were non-confirmatory!. Our study suggests that H pylori
leads to a higher proportion of atrophy in the corpus of the
gastric remnant compared to H pylori-negative partid gastrectomy
patients.

Several studies have shown that a severe although non-
arophic gadtritisin the corpus mucosaisaparticular risk factor for
gastric cancer among thoseindividuasinfected with H pylori*7.
These findings were recently confirmed by a prospective
observational study from Japan where gastric cancer developed
only in those patients infected with H pylori?¥ and where a

Table 1 Histology in the corpus and cardia of partial gastrectomy patients

Corpus Cardia

HP +n =25 HP - n =32 P HP +n =25 HP -n=32 P
Grade of gastritis
Grade 0 or 1, n (%) 24 (96) 32 (100) 24 (96) 32 (100) -
Grade 2 or 3, n (%) 1(4) 0 0.439 1(4) 0 0.439
Activity of gastritis
Grade 0 or 1, n (%) 16 (64) 32 (100) - 16 (64) 32 (100) -
Grade 2 or 3, n (%) 9 (36) 0 <0.0005 9 (36) 0 0.007
Regenerative epithelium
Grade 0 or 1, n (%) 25 (100) 32 (100) 24 (96) 32 (100) -
Grade 2 or 3, n (%) 0 0 1(4) 0 0.439
Intestinal metaplasia
Present, n (%) 5 (20) 7(22) 1.00 4 (16) 4 (12.5) 0.720
Atrophy
Present, n (%) 11 (44) 6 (19) 0.047 0 3(9.5) 0.248

No partial gastrectomy patient had a grade 2 or 3 regenerative type of epithelium in the corpus. Based upon this result a
statistical analysis with regard to regenerative type of epithelium in the corpus was not appropriate.
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corpus-dominant gastritis or pangastritis was associated with
an 34-fold increased risk for gastric cancer. Based upon the
increased risk for gastric cancer in the presence of severe
corpus gastritis we hypothesized that patients with partial
gastrectomy dueto ulcer disease may devel op a corpus-dominant
phenotype of H pylori gastritis, which may contribute asarisk
factor for cancer in these patients. Surprisingly, we found a
significant lower grade of gastritisin the corpus of H pylori-
positive partial gastrectomy patients compared to the control
group consisting of H pylori-positive duodenal ulcer patients.
Possible explanation for thisfinding might include that in some
patients the infection may have disappeared spontaneously
due to an altered gastric milieu, or that some of the patients
may have been operated due to H pylori-negative ul cer caused
by nonsteroidal anti-inflammatory drugs. Other patients may
have received antibiotic therapy for other indicationsthat H pylori
infection potentially leads to coincident eradication of the
bacteria. Nevertheless, we conclude that partial gastrectomy
patients should betested for H pylori infection, and, if diagnosed
positive, eradication therapy should be initiated to reduce the
risk of ulcer relapsd?.

Other factors than H pylori have been implicated in the
pathogenesis of the mucosa alterationsin partial gastrectomy
patients, including enterogadtric reflux, achlorhydriaand increased
mucosa proliferation, effects of vagotomy and dietary factorg®%l,
Bilereflux may play apromotional roleby increasing permesbility
to initiating carcinogens. This enterogastric reflux has been
reported to be more pronounced after a gastrojejunostomy than
after agastroduodenostomy, which may explainthe higher somach
cancer risk after aBillroth |1 operation’,

In conclusion, our study suggeststhat the H pylori prevalence
in partial gastrectomy patients (former peptic ulcer patients) is
comparableto the general population. H pylori-positive partial
gastrectomy patients appear not to develop a corpus-dominant

gadtritisresembling the gastric cancer phenotypeof H pylori gastritis.
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Abstract

AIM: To construct a recombinant strain which expresses BabA
of Helicobacter pylori(H pylori) and to study the immunogenicity
of BabA.

METHODS: BabA, DNA was amplified by PCR and inserted
into the prokaryotie expression vector pET-22b (+) and
expressed in the BL21 (DE3) E.coli strain. Furthermore,
BabA immunogenicity was studied by animal test.

RESULTS: DNA sequence analysis showed the sequence
of BabA, DNA was the same as the one published by GenBank.
The BabA recombinant protein accounted for 34.8% of the
total bacterial protein. The serum from H pylori infected
patients and Balb/c miced immunized with BabA itself could
recognize rBabA.

CONCL USION: BabA recombinant protein may be an potential
vaccine for control and treatment of 4 py/ori infection.
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INTRODUCTION

Helicobacter pylori (H pylori), ahuman-specific gastric pathogen,
was first isolated in 1982 and has emerged as the causative
agent of chronic active gastritis and peptic ulcer disease**Y,
Most infected individua s show no clinical symptoms, implicating
additiona factors, such as genetic predisposition and genotype
of the infecting strain, are involved in disease pathogenesis.
Chronic infectionis associated with the development of gastric
adenocarcinoma, one of the most common types of cancer in
humans, and H pylori wasrecently defined asaclass1 carcinogen.
In addition, seroprevalence studies indicate that H pylori
infection is also associated with cardiovascular, respiratory,
extra-gastroduodenal digestive, autoimmune disease. At
present the main treatment to eradicate H pylori is combined
antibiotics, but the cost of combination therapy and the
emergency of antibiotic resistance provide further incentives
for vaccine development.

In the development of H pylori vaccine, candidate vaccine
antigens adopted currently such as urease, vacuolating cytotoxin,
catalase, etc. basically focus on blocking toxicity factors of
H pylori while considerably few candidate vaccine antigens
focus on adhesins which are closely associated with H pylori
colonizing human gastric mucosa by adhering to mucous
epithelia cells and mucus layer lining the gastric epithelium.
BabA is the only adhesin gene whose receptor has been
confirmed. Studiesindicate that BabA genecontainstwo dleles:
BabA; and BabA,. Gene BabA; is different from BabA, in the
presence of a 10 bp repeat motif and in lack of Leb antigen-
binding activity. No concerned study has been reported to
date about BabA, in China. So in this study, recombinant
plasmid of H pylori BabA, gene was constructed and expressed
for development of H pylori vaccine.

MATERIALS AND METHODS

Materials

Bacterial strain BL21 (DE3) and plasmid pET-22 b (+) were
provided by Institute of Biotechnology, Academy of Military
Medical Sciences. H pylori SS1 was preserved in thisresearch
ingtitute. Restriction enzyme Not I, Nco | and T4 DNA ligase,
Vent DNA polymerase, isopropyl-[3-D-thiogal actopyranoside
(IPTG) were purchased from New England Biolabs Company.
DNA molecular weight standard A DNA/EcoRI+Hindl 1, goat
anti-mouseand goat anti-human 1gG-HRP were purchased from
Huamei Bioengineering Company and His-Tag precolumn from
Invitrogen Company. Specific-pathogen-free, female BALB/c
mice were housed according to Health Research Council of
China guidelines and allowed free access to food and water.
Eight H pylori positive sera (which were detected positive by
the urease test, pathological dying and germiculture) and three
H pylori negative sera(which were detected negative by the above-
mentioned three examinations) were from patients treated in
the Endoscope Center of this institute. Other reagents were
analytically pure reagents produced in China.

Recombinant DNA techniques

Unlessotherwisestated, plasmidand chromosoma DNA extractions,
resctriction enzyme digests, DNA ligations, transformations
into E.coli and other common DNA manipulations were
performed by standard procedures. Genome of H pylori was
prepared from the cells collected from the colonies on the agar
plate. The gene of H pylori BabA, was amplified from the
genome of H pylori by PCR using the primers BabA,1 (5'-TG
GCCATGGATAAAAAA CACATCCTT TCA-3) asupstream
primer andBabA,2 (5 -AGTGCGGCCGCATAAGCGAACAC
ATA G-3') asdownstream primer as described intheliterature™.
BabA,1 and BabA,2 contained Nco | and Not | Sites, respectively.
PCR was performed with the hot start method. PCR condition
wasthat after initial denaturing at 95 °C for 30 s, each cycle of
amplification consisted of denaturing at 95 °Cfor 30 s, annedling
a 55 °Cfor 30 sand polymerization at 72 °C for 60 sand further
polymerization for 10 min after 35 PCR cycles. The PCR product
was harvested from agarose gel, digested with Nco | and Not I,
and inserted into the Nco | and Not | restriction fragment of the
expression vector pET-22b(+) using T4 DNA ligase. The
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resulting plasmid pET- BabA was transformed into competent
E.coli BL21 (DE3) cellsusing ampicillinresistancefor selection.
Theakadinelysismethod was chosen for large-scal e preparations
of recombinant plasmids which were identified by restriction
enzymes. DNA sequencewas performed withaDNA automatic
sequencer.

Induced expression, purification and SDS-polyacrylamide gel
electrophoresis

The recombinant strains were incubated overnight at 37 °C and
shakedin5mL LB with 100 pg/mL ampicillin. A50mL LB was
inoculated and the cells grew until the optical density at 600 nm
reached 0.4-0.6. | sopropy!-B-D-thiogal actopyranoside (IPTG)
was added to afinal concentration of 0.1, 0.2, 0.4, 0.6, 0.8,
1.0 mmol/L, respectively. E.coli cellsfrom a50 mL growth 3h
or 5 h after induction were harvested by centrifugation at 120009
for 10 min and the pellet was resuspended in 1 mL 30 mmol/L
Trisbuffer (pH8.0) containing 1 mmol/L EDTA (pH8.0), 200 g/L
sucrose. The suspension was put on ice for 10 min, and then
centrifuged for 10 min at 12 000 g, and the resulting suspernatant
contained proteins from the periplasm. The resulting pellet was
resuspended in 5 mL 50 mmol/L Trisbuffer (pH8.0) containing
2mmol/L EDTA, 0.1 mg/mL lysozymeand 10 g/L Triton X-100.
The suspension was incubated at 30 °C for 20 min and then
sonicated oniceuntil it becamed arified. Thelysatewas centrifuged
at 12 000 g for 15 min at 4 °C, then the resulting supernatant
containing proteins from the cytoplasm was purified with Ni-
NTA column. Whole-cell lysates, sonicated supernatant,osmotic
shock liquid of recombinant strains expressing H pylori BabA2
genesand the purified rBabA were analyzed by electrophoresis
analysisina100 g/L polyacrylamide gel.

Immunization of mice

Sixty-eight-week-old micewereimmunized 4timesby hypodermic
injectionintheback of miceat weekly intervas. Each doseconssted
of 20 pug of H pylori rBabA protein and 200 pg of adjuvant
aluminum hydroxide gel. Age-matched control mice were not
immuni zed. Four weeksafter thelastimmunization, blood samples
weretaken from theretro-orbital Snusto measure the anti BabA
systemic immune responses and stored at -20 °C until assay.

Serum antibody responses

Indirect ELISA asdescribed previoudy eval uated serum samples
from mice and patientsfor BabA-specific IgG. Purified H pylori
rBabA was used asthe coating antigen in ELISA immunoassays.

RESULTS

PCR amplification of H pylori BabA; gene

According to theliterature, the gene encoding the BabA protein,
was amplified by PCR with chromosomal DNA of H pylori
Sydeny strain (ssl) as the templates. The cloning products were
electrophoresed and visualized on 8 g/L agarose gl (Figure 1). It
revealed that BabA, DNA fragment amplified by PCR contained
ageneof gpproximately 2 226 nucleotides, whichwascompatible
with the previous reports.

Construction of recombinant plasmid and restriction enzyme
confirmation

After the PCR products and pET-22 b (+) plasmid were cut by
Not I and Nco |, directiona cloning was performed, resulting in
a recombinant plasmid named pET-22 b (+)/BabA. The
recombinant plasmids pET-22 b (+)/BabA were all digested by
Not I or Ncol, and by Not | and Nco | smultaneoudy, then digestive
products were visualized on 8 g/L agarose gel eletrophoresis
(Figure 2). It demonstrated that recombinant plasmid contained
the objective gene.

bp 1 2

21227

5148/4 937
4269/3 530
2027/1 904
1587
1375

1587
1375

Figure 1 BabA, DNA fragment ampilified by PCR from Helicobacter
pylori electrophoresed on 8 g/L agarose gel. Lane 1: Nucleotide
marker; Lane 2: PCR products.

bp

21227
5148/4 937
4 269/3 530

2 027/1 904
1587
1375

941
831

Figure 2 Identification of recombinant plasmid by restriction
enzyme digestion. Lane 1: Nucleotide marker; Lane 2: PCR
products; Lane 3: Recombinant plasmid/Not I; Lane 4: Recom-
binant plasmid/Not | and Nco I; Lane5: pET22b(+)/Not I.

Sequence analysis of cloned BabA, nucleotide

The nucleotide sequence of cloned genesinserted in pET22 b(+)
was analyzed by automatic sequencing across the cloning
junction, using the universal primer T7. The results showed that
cloned genes contained 2 226 nucleotides with a promoter and a
start codon coding a putative protein of 741 amino acid residues
with a calculated molecular mass of BabA. As compared with
previoudly reports, the homogeneity was 100% between them.

Expression and purification of BabA, gene in Escherichia coli
Whole-cell lysate, sonicated supernatant, osmotic shock liquid
of recombinant strains expressing H pylori BabA, genes and
the purified rBabA were analyzed by electrophoresis analysis
ina100 g/L polyacrylamide gel for detection of fusion proteins
(Figure 3). The result showed that the clearly identifiable band
was 78 000 u highly expressed fusion proteins, whichwassimilar
to that predicted. Gel automatic scan analysis showed that
itwas 0.6 at D value and the final concentration of IPTG was
0.1 mmol/L and the expression of BabA roseremarkably after 5h
of induction, which accounted for 34.8% of total bacterial
proteins. Among them, soluble substance accounted for 15.
0% of supernatant. BabA was further analyzed with Ni-NTA
column and finally BabA whose purity was 90%.

Antigenicity study of recombinant fusion protein

The postive results by the test of ELISA had colours, but the
negtive results had no colours, or weak colours. Serum from
the eight mice serums immuned with rBabA showed positive
results. In contrast, serum from the eight mice in the control
group showed negtive results. At the same time, serums from
patients also showed the sameresults. H pylori positive serum
from the eight patients showed positive results and H pylori
negative serum from the three patients showed postive results.
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It showed that anti-BabA antibody existed in the serum of
infected patients and rBabA could enable the organism to
generate specific humoral immunity.

94 ku

67 ku
67 ku g

Figure 3 The 100 g/L SDS-PAGE analysis of fusion protein
expressed in BL21 (DE3). Lane 1: Molecular mass marker (67, 94)
x10% Lane 2: control strain BL21 (pET) before induction; Lane 3:
control strain BL21 (pET) after 5-h induction with IPTG; Lane 4:
BL21 (pET-BabA) cells before induction; Lane 5: BL21(pET- BabA)
cells after 3-h induction with IPTG; Lane 6: BL21(pET- BabA) cells
after 5-h induction with IPTG; Lane 7: BL21(pET- BabA) cells
periplasm protein after 3-h induction with IPTG; Lane 8: soni-
cated supernatant of BL21 (pET-BabA) cells after 3-h induction
with IPTG; Lane 9: recombinant protein BabA purified.

DISCUSSION

At first Wedstr et al. suspected that the resting or slow growing
cdlsof H pylori could interact with Lewis blood group substances
in gastric mucin layer and on epithelium to facilitate initial
colonization. Afterwards liver et al. used receptor activity-
directed affinity tagging to purify a kind of adhesin which
mediated adherence of H pylori to human gastric epithelial
cellshy interacting with fucosylated Lewis b (Leb) histo-blood
group antigen and named the adhesion BabA. Immunogold
electron microscopy found BabA adhesin was located on the
bacterial cell outer membrane by probing the Leb antigen.
Receptor displacement analyses showed that receptor-adhesin
complex was formed under conditions of equilibrium. Most of
the cells (>90%) of the bacterial exhibited BAB activity, as
determined by confocal microscopy and fluorescent Leb
antigen. The Kavalue for formation of the Leb antigen-BabA
complex was-1x10mol/L. The number of Leb glycoconjugate
molecules bound to BabA was cal culated as -500 per bacterial
cell. Inaddition, the prevalence of blood group antigen-binding
activity was also assessed among 95 recent clinical isolates of
H pylori, and 66% (63 isolates) were bound to the Leb antigen.
Bosch et al. investigated the effects of acute stresson the salivary
levels of the carbohydrate structure sulfo-Lewis (sulfo-Le).
The results showed the stressor induced a strong increase in
sdivary sulfo-Leconcentration (U/mL), sulfo-Le output (U/min),
sulfo-Leftotal protein ratio (U/mg protein), and saliva-mediated
adherence (exvivo) of H pylori. Asexpected, sulfo-L e concentration
correlated with the adherence of H pylori (r =0.72, P<0.05). In
aword, the adhesin BabA and its receptor Leb played an
important role in the adherence mechanism of H pylori,
especially when people were in the state of acute stress.
Isolates of H pylori differed in virulence and fromindividuas
with peptic ulcers most often were type | strainsthat expressed
vacuolating cytotoxin A (VacA) and cytotoxin-associated gene
A (CagA) protein. By definition, type Il strains could express
neither marker. The bacterial Leb-binding phenotype was
associated with the presence of the cag pathogenicity island
among clinical isolates of H pylori. A vaccine strategy based
on the BabA adhesin might serve as a means to target the

virulent type strains of H pylori. So we selected H pylori ss1
chromosome DNA as a template, which has strong adhesin
and is capable of coloning firmly in the stomach of a mouse,
designed specific primers and successfully screened the genes
of BabA,. To facilitate the expression and purification at the
next stage, we cloned it into afusion expression vector with 6
hercynine tails. The restriction enzyme digestion and the
sequencing results showed that one open reading frame had
the size of 2 226 bp. SDS-PAGE and scan analysis showed that
the molecular mass of BabA was 78 ku and recombinant protein
accounted for 34.8% of thetotal bacterial protein. Considering
that the recombinant protein with bio-activity tended to preserve
moreintegral and positive antigenicity, we selected supernatant
of ultrasound disrupted live E.coli and performed repeated
purification of rBabA with Ni-NTA resin, thus obtaining rBabA
with activity whose purity was 90%. This haslaid afoundation
for further research onimmune protection and molecular adhesin
mechanism. In this study, serum from the mice immuned with
purified recombinant protein BabA could be used to detect specific
antibody against BabA, but serum from the mice in the control
group could not. Serum from patients also showed the same
results. These results suggest that BabA of H pylori maybe a
good candidate as a vaccine component.
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Abstract

AIM: To investigate the feasibility for antisense imaging of
the colon cancer with liposome-entrapped 99 m-technetium
labeled antisense oligonucleotides as tracers.

METHODS: Fifteen mer single-stranded aminolinked
phosphorothioate antisense oligonucleotides of c-myc
mRNA were labeled with *"Tc-pertechnetate, then purified
and finally entrapped with liposomes to form the labeling
compounds, liposome-entrapped *™Tc-labeled antisense
oligonucleotides. The LS-174-T cells (colon of adenocarcinoma
cell line) were incubated with the labeling compounds to
test the uptake rates of LS-174-T cells. Later on, a model
of 30 tumor bearing nude mice was constructed by
inoculating with 5x10° of LS-174-T cells at right flank of
each nude mouse. About 10 d later, the model were
adminstered by intravenous injection of the liposome-
entrapped **"Tc-labeled antisense oligonucleotides. Then
some of the tumour bearing nude mice were sacrificed at
0.5, 1, 2, and 4 h after intravenous injection, and proper
quantity of liver, spleen, tumor, efc. was obtained. The
tissues were counted in a gamma counter, and after correction
for decay and background activity, expressed as a percentage
of the injected dose. The others whose anterior and
posterior whole-body scans were obtained at 1, 1.5, 2, 4,
6 and 24 h with a dual-head bodyscan camera equipped
with parallel-hole low-energy collimaters. The ratios of
radioactive counts in tumor to that in contralateral equivalent
region of abdomen were calculated.

RESULTS: The uptake rates of LS-174-T cells for liposome-
entrapped *™Tc-labeled antisense oligonucleotides increased
as time prolonged and reach the peak (17.77+£2.41%) at 7 h.
The biodistributions showed that the rdioactivity in the
tumor (13.46+0.20%) of injected dose was the highest at
2 h of intravenous injection of liposome-entrapped *™Tc-
labeled antisense oligonucleotides, and then decreased
sharply to 4.58+0.45% at 4 h. The tumor was shown clearly
in the whole-body scan at 2 h of intravenous injection. The
ratios, radioactive counts in tumor to that in contralateral
equivalent region of abdomen (1.7332+0.2537), was the
highest one at 2 h after intravenous injection of liposome-
entrapped **"Tc-labeled antisense oligonucleotides.

CONCLUSION: The liposome-entrapped **"Tc-labeled
antisense oligonucleotides deserve being developed into
radiopharmaceutics for the colon cancer imaging.

Zheng JG, Tan TZ. Antisense imaging of colon cancer-bearing
nude mice with liposome-entrapped 99m-technetium-labeled
antisense oligonucleotides of c-myc mRNA. World J Gastroenterol
2004; 10(17): 2563-2566

http://www.wjgnet.com/1007-9327/10/2563.asp

INTRODUCTION

Antisenseimaging wasreferred to that anti sense oligonucleotides
of agene were |abeled with radionuclide, then administered to
a organism to show its focus, especially the tumor™. Colon
cancer is a malignant tumor that seriously threatens human
health. Its main oncogene, c-myc, whose overexpression can
reach 30 times, is atarget gene for antisense imaging!?. The
oligonuclectides that are complementary to c-myc mRNA can
prohibit many kinds of cancer cells from growing®. Many
nuclear medicine researchers are interested in this oncogend®.
At present, the antisense oligonucleotides of c-myc mRNA
have been successfully labeled with ®™Tcl67, However, to the
author’ sknowledge, their applicationin experimenta researches
on antisense imaging has not been reported asyet. Isthe uptake
rate of tumor tissue too small and the background too high to
indicate the tumor? How can the uptake rates of tumor cellsbe
increased? Do these limit the application of *"Tc-labeled
antisense oligonucleotides? In order to explore the feasibility
for antisense imaging of the colon carcinoma, develop a new
radiol abel ed-gene-pharmaceutics, and promote the progress
in the molecular nuclear medicine, the primary experimental
studies, antisense imaging, on liposome-entrapped *™Tc-
|abel ed antisense phosphorothioate oligonucleotides as atracer
were carried out.

MATERIALS AND METHODS

Materials

Fifteen mer, single-stranded phosphorothioate oligonucl eotides,
aminolinked, antisense oligonucleotides targeted at the
tranglation initiation codon of c-myc mMRNA were purchased
from Gibco-BRL, US. Their base sequences were 5’ -NH,-
FACGTTGAGGGGCAT-3' (F stood for phosphorothioate A).
The molecular mass of the chain was about 300 u. These
oligonucleotideswere used directly without further purification,
and generally handled under sterile conditions. All solutions
were sterilized by terminal filtration through a0.22 um filter. All
pipettes and tubes were autoclaved prior to use. The
oligonucleotides were dissolved at a concentration of 4 mg/mL
in sterile water and stored at -20 °C.

The hydrazino nicotinamide derivatives were synthesized
€elsewhere. 99 m-pertechnetate was obtained from a®Mo-*"Tc
radionuclide generator made by the Chinese Atomic Energy
Institute. Tricine, Sncl,-2H,0 and Dimethyl sulfoxide were
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supplied by SigmaCompany, US, lipofectamin reagent by Gibco-
BRL, US, EDTA by Boehringer Mannheim Company, Germany,
and Sep-Pak (Cyg) reverse column by Waters Company, US.

The oligonucleotides were bound to hydrazino nicotinamide
derivatives and then labeled with *™Tc following the
methods described by Hnatowich et al®®. The ®*™Tc-labeled
oligonucleotides were entrapped with liposome according to
the manufacturer’s protocols.

The cellular uptake rates of oligonucleotides

The LS-174-T cells were grown by adherent culturein media
(RPMI-1 640, Gibco-BRL, US), supplemented with 100 mL/L
fetal bovine serum at 37 °C, 50 mL/L CO,. Thirty-six culture
plates with diameter of 33 mm each was inocul ated with about
1x10° LS-174-T cellsand cultured at 37 °C for 48 h. After the
cells were grown to about 50% confluence in regular culture
media, they were transfected using lipofectamin with 2 pg of
freshly prepared liposome-entrapped *"Tc-labeled antisense
oligonucleotides with radioactivity of about 29.60 MBq
according to the manufacturer’s protocols. The cellular uptake
rates were determined at 1, 2, 5 and 7 h, and the testing steps
were asfollows: The cellswere detached by 2.5 g/L trypsin to
form suspension, then washed three times with the media by
centrifugation (2 500 r/min, 10 min). The supernatant was
collected into a50 mL volumetric cylinder and the precipitation
remained in the centrifugation tube. Then the radioactive counts
in the precipitation and supernatant were counted in an
automatic gammawell counter after correction for decay and
background activity separately, and the cellular uptake rates
were expressed as a percentage of the total counts. The uptake
rate = radioactive counts in precipitation/the total countsin
precipitation and supernatant x100%.

The biodistribution of the antisense oligonucleotides in tumor-
bearing nude mice

At first, the tumor model was constructed. Large-scaleof LS
174-T cells collected by digestion, centrifugation and washing,
were diluted with culture medium without serum and antibiotic
to the concerntration of 5x10° cells per 0.2 mL. Thirty male
nude mice, aged about 2 mo, were purchased from Experimental
Animal Center of Sichuan University. Themicewere maintained
in aspecific pathogen-free environment and cared in accordance
with the institutional guidelines. Each of them was inoculated
with 5x10° cells at right flank. The tumor was allowed to grow
for 10 d until diameter reached about 1 cm. Thus the tumor
model was constructed successfully.

Biodistribution of liposome-entrapped *"Tc-labeled
antisense oligonucl eotides was determined in the 20 tumor-
bearing nude mice. Each mouse received 0.3 mL of saline
containing 3to 5 pg (0.259 MBQ) of liposome-entrapped *™Tc-
|abel ed antisense oligonucleotides by tail vein administration.
Meanwhile, the same injected dose of liposome-entrapped
%mTc-label ed antisense oligonucleotides was stored in atube
as standard, and double assays were carried out. Five mice
were used a each timepoint of 0.5, 1, 2 and 4 h. After being bled
from eye, they were sacrificed by cervical didocation, and proper
quantity of liver, spleen, kidney, lung, heart, bone, muscle,
stomach, intestines, brain and tumor obtained. Thetissueswere
washed cleanly with cool physiological saline and weighted
by electronic balance (Denver, US). The tissues were counted
against appropriate standards of known dilution in an automatic
gammawel|l counter, and after correction for decay and background
activity, expressed as a percentage of theinjected dose.

Antisense imaging
The liposome-entrapped *®™Tc-label ed antisense oligonucleotides
containing oligonucl eotidesfrom 30 to 90 g at the concentration

of 37 MBa/mL werefreshly prepared. The 6 tumor-bearing nude
mice were administered with 0.3 mL of the above products
through tail vein. When these mice anesthetized with pentobarbital ,
anterior and posterior whole-body scans were obtained at 1,
1.5, 2, 4, 6 and 24 h with a dual-head bodyscan camera (Elcint
Apex Helix, Israel) equipped with parallel-hole low-energy
collimaters. Theratios of radioactive countsin tumor to that in
the contralateral equivalent region of abdomen were calculated.

RESULTS

The cellular uptake rates of oligonucleotides

The most important thing for antisense imaging is how much
oligonucleotidesare ableto enter cells. High uptakerateisthe key
to success. The celluar uptake rates are asfollows: 7.21+1.23%
at1h,15.19+2.81%at 2h, 16.13+2.54%at 5h, and 17.77+2.41%
a 7 h. Within 7 h, the cellular uptake rate increased asthetime
prolonged, and reached the peak at 7 h. It was significantly
higher than that at 1 and 2 h. However, the uptakerateat 7 h
was not significantly higher than that at 5 h.

The biodistribution of liposome-entrapped **™Tc-labeled
antisense oligonucleotides

The biodistribution of liposome-entrapped *"Tc-labeled
antisense oligonuclectides are shown in Table 1. The endothelia
system played amain role in biodistribution, and accumulated
the greater part of the injected dose. The radioactive countsin
the tumor tissue increased within 2 h and gradually reached the
peak at 2 h, then dropped down sharply.

Table1 Courseof biodistribution of liposome-entrapped ®™Tc-
|abel ed antisense oligonucleotides in tumor-bearing nude mice
(mean+SD, percent of injected dose, n =5 micefor each time)

Tissue 0.5h 1lh 2h 4h

Liver 8.78+0.63 9.16+1.14  7.92+0.38° 8.97+0.12°
Spleen 6.78+0.37°¢ 8.86+0.60 7.37£0.64° 8.02%0.23¢
Kidney 4.89%0.67° 2.90+£1.19* 3.07+0.18* 0.47%0.02%*
Lung 10.23+1.02 13.37+0.84 12.21+0.42% 10.20+0.50°
Heart 7.18+0.13 8.78+1.01  7.25+0.18 5.28+0.45%¢
Blood 5.51+0.242 4.55+0.15 2.81+0.11* 2.61+0.062¢
Bone 1.84+0.642 3.14+1.04*  1.43£0.24*¢ 1.02+0.32%*
Muscle 2.27+0.372 1.36+0.60* 1.69+0.91* 2.85%0.26*
Stomach  12.45+0.62  13.77+0.38 10.63+0.35 6.70+0.44%¢
Intestines  4.54+0.42?2 6.68+4.14 7.76+£0.34° 8.44%0.63°
Brain 2.24%0.422 2.16+2.10* 0.68+0.06* 0.52%+0.06*
Tumor 6.12+0.312 8.09+0.86 13.46+0.20* 4.58+0.452

3P<0.05 vs that of liver tissue °P<0.05 vs that of tumor tissue.

Antisense imaging

Anterior imaging at 1 h after intravenous injection of liposome-
entrapped ®™Tc-labeled antisense oligonucl ectides showed that
little accumulation of radioactivity might be seen in the right
middle flank which was the place of tumor. Anterior imaging
demongtrated alittle accumulation of radioactivity intumor site
a 1.5h (Figure 1), and acircular abnormal accumulation focus of
radioactivity in the location of tumor at 2 h (Figure 2), but no
accumulation of radioactivity in the location of tumor at 24 h.

The ratios of radioactive counts in tumor tissue to that in the
contralateral equivalent region

The ratio was the highest one (1.7332+0.2537) at 2 h after
intravenous injection of liposome-entrapped *™Tc-labeled
antisense oligonucleotides. It was significantly higher than



Zheng JG et al. Antisense imaging of colon cancer

2565

that at 4 and 6 h (P<0.05). Although it was higher than that at 1.0
and 1.5 h, there was no statistical difference. Theseratios are
shown in Table 2.

Table 2 Ratios of the radioactive counts in tumor to that in the
contralateral equivalent region of abdomen (mean+SD, n =5
for each time point)

Time point (h) Ratios
1.0 1.2266+0.1259
1.5 1.5597+0.0190
2.0 1.7332+0.2537
4.0 1.0182+0.04952
6.0 1.0199+0.0131?

3P<0.05 vs ratio of 2.0 h.

Figure 1 Anterior imaging at 1.5 h after intravenous injection
of liposome-entrapped *™Tc-labeled antisense oligonucleotides.
A little accumulation of radioactivity in tumor site, the right
middle flank (arrow) could be observed.

Figure 2 Anterior imaging at 2 h after intravenous injection
of liposome-entrapped *™Tc-labeled antisense oligonucleotides.
A circular abnormal accumulation focus was observed in the
location of tumor (arrow).

DISCUSSION

The possible advantages of delivering oligonucleotides into
cells by liposomes are not only to increase the uptake rates of
dividing and mitostatic cells, but also protect the oligonucl eotides
against degeneration by nucleases. It has been confirmed that
the amount of oligonucleotides used can be decreased greatly
as liposomes are adopted as vectors in vitrol®3l,

The cellular uptake rates of the liposome-entrapped *"Tc-
labeled antisense oligonucleotides are the key parameter to
antisense imaging. The maxium cellular uptake rate of theLS-
174-T (17.77+2.41%) was plenty enough for the experimental or
clinical use, and could be applied for thefollowing experiments:
biodistribution and antisense imaging.

The biodistribution assay showed that the radioactive counts

per gram of thetumor tissuewasinthemiddielevel at 0.5 h after
injection, increased as time prolonged within 2 h, and reached
the peak at 2 h. The proportion of radioactive counts per gram
of the tumor tissue to the total was 13.46+0.20%, which was
significantly higher than that of theliver, spleen, kidney, blood,
bone, muscle, intestines and brain. The ratio of radioactive
countsin the tumor to that in the blood was 4.79, and to that in
the musclewas 7.96. It was thus evident that enough liposome-
entrapped *"Tc-labeled antisense oligonucleotides were
accumulated in the tumor tissue. The tumor could be observed
clearly so long as radioactivity in the tissues around it was
comparatively low.

Delong et al*¥, studied the biodistribution of *™Tc-labeled
phosphorothioate oligonucleotides without using liposomes
ascarriers. Their investigation demonstrated that radioactivity
in the tumor tissue was only 2% to 3%. However, in our study,
liposomes were used as vectors, and 4.58% to 13.46% of the
total radioactivity could be accumulated in the tumor.
Radioactivity was 2.29 to 4.49 times higher than that reported
by Delong et al*. Thus, the uptake rates of the tumor tissue
can be increasee greatly by using liposomes as carriers.
Accordingly, liposomeisan effective vector in antisenseimaging.

Thewholebody scan in the tumor bearing nude mice showed
that the tumor was observed clearly at 2 h after intravenous
injection of the liposome-entrapped *"Tc-labeled antisense
oligonucleotides. It was evident that the imaging of the liver
above the tumor and the bladder below the tumor was more
clear than that of the tumor. They could influence the imaging
of thetumor. However, theinterference of the bladder can easily
be decreased by diuretic or drinking a certain quantity of water,
which isaroutine clinical method of whole body bone scan.
But the influence of the liver needs further investigation.

Although theimaging of the liver will influence the quality
of the antisense imaging, our primary success on the tumor-
bearing nude mice with ®™Tc-label ed antisense oligonuceotides
may contribute to the molecular nuclear medicine progress.

In conclusion, liposome-entrapped *MTc-labeled antisense
oligonucleotides with high cellular uptake rates can be
accumulated by tumor in the tumor bearing-nude mice, and be
able to show the colon carcinoma accurately, was worthy of
being developed into a new radiopharmaceutics for diagnosis®®.
Thiswill provide anew strategy for the early diagnosis of the
colon carcinoma.
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Abstract

AIM: To investigate the effects of anti-Fas ribozyme on
Fas expression and apoptosis in primary cultured mouse
hepatocytes.

METHODS: Mouse hepatocytes were isolated by using
collagenase irrigation. A hammerhead ribozyme targeting
the Fas mRNA was constructed, and transfected into mouse
hepatocytes via Effectene. Then Fas expression in mouse
hepatocytes was detected by RT-PCR and western blotting.
After being treated with anti-Fas antibody (JO,), hepatocytes
viability was measured with MTT assay. Caspase-3 proteolytic
activity was detected, and cell apoptosis was measured
according to Annexin V-FITC apoptosis detection Kkit.

RESULTS: Fas expressed in primary mouse hepatocytes.
Fas expression in hepatocytes transfected with anti-Fas
ribozyme was decreased remarkably and correlated with
the resistance to Fas-mediated apoptosis as determined
by flow cytometry and caspase-3 proteolytic activity.

CONCLUSION: Anti-Fas ribozyme can remarkably decrease
the Fas expression in mouse hepatocytes, thus inhibit Fas-
mediated apoptosis in hepatocytes. It is suggested that
anti-Fas ribozyme could significantly increase the resistance
of transplanted hepatocytes to apoptosis and improve the
survival of transplanted hepatocytes.

Zhang M, He W, Liu F, Zou P, Xiao J, Zhong ZD, Hu ZB. Inhibition
of mouse hepatocyte apoptosis via anti-Fas ribozyme. World
J Gastroentero/ 2004; 10(17): 2567-2570
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INTRODUCTION

Liver trangplantation is one of the efficient waysto treat liver
function failure and liver necrosis induced by all kinds of
diseases!*?. But Fas expresses in hepatocytes and Fas-
mediated apoptosis significantly impairs graft surviva®™. Anti-
Fas hammerhead ribozyme was designed and synthesized to
target directly at position 596 of the Fas RNA, and cloned into
aeukaryotic vector, which wastransfected into primary cultured
mouse hepatocytes viaavector named Effectene different from
usual Lipofectamine reagents®. Then the effects of anti-Fas
ribozyme on Fas expression and apoptosis of mouse hepatocytes
were investigated.

MATERIALS AND METHODS

Reagents and materials

E.coli DH-5a wasakind gift from Department of Immunology,
Tongji Medical College. Prokaryotic vector pBSKUG6 and green
fluorescent protein pEGFPC1 were given as presents by Dr.
Kongxinjuan. All restriction endonucleases and T,DNA ligase
were products of Promega Company. Mini plasmid DNA
extractionkit, gel DNA purification kit and DL-2000 DNA marker
were purchased from TaKaRa Company. Transfection reagent
Effectene was purchased from Qiagen Company. Reverse
transcriptiona kit, ANTP, Tag DNA polymerase were products
of MBI Company. Fluorescein isothiocyanate (FITC)-
conjugated Annexin V kit was product of Bender Company
(purchased from Jingmei Company). FITC-conjugated anti-
mouse Fas antibody (JO,) was product of PharMingen Company.
Caspase-3 activity detection kit was product of Clontech
Company. MTT reagent was purchased from Sigma Company.

Synthesis and cloning of ribozyme

GUA tripletslocated at 596 of the mouse FasRNA were selected
as the cleavage site of ribozyme!®, two small nucleotide
sequences complementary to flanks of the cleavage site of
target RNA were located before and after hammerhead
structure-the conservative core catalytic sequence of ribozyme,
which can form typical active cleavage structure through
complementation®®. The cDNAs encoding the anti-Fas
ribozyme were composed of two complementary strands each
about 50 nt, which were terminated with BamH | and Xba l: a
5 TCTAGAGATATATAAACTGATGAGTCCGTGAGGA
CGAA ACAAGTGGATCC3,b5 GGATCCACTTGT TTC
GTCCTCACGGACTCATCAGTTTATATATCTCTAGA 3 . All
cDNAs were synthesized by Shanghai Shenggong Company.
Theribozyme was cloned into the BamH | and Xba | sites of the
pBSK U6, which was named as U6-RZ596, and digested and
sequenced to be correct. Then this recombinant plasmid was
used as templete to get afragment including U6 promoter and
ribozyme by using PCR. The fragment was subcloned into the
Mlu | site of the pEGFPC1, which was named as pU6-RZ596,
and testified to be correct.

Isolation, cultivation and transfection of primary mouse

hepatocytes

Healthy adult mice were spiled via portal vein after being
anaesthetized and irrigated with aconstant flux at about 9 mL/min.
First Hanks solution was used without Ca?* and Mg?*, then
0.2 g/L collagenase solution for 8 mini*12, At |ast liver tissues
werelacerated bluntly and digested vibrantly for 15 minin 37 °C
bath water, and filtrated through nylon net and washed with
PBStwice. Cdlswereresuspended in RPM| 1640 supplemented
with 100 mL/L FBS and counted. Cell viability was 90-92%.
Cell count was adjusted to 2x10%/mL and cellswereculturedin
ahumidified 50 mL/L CO, atmosphere at 37 °C. Cells were
collected and grouped as following: empty control; cells
transfected with pEGFPC1,; cells transfected with pU6-RZ596.
Transfection was performed according to the instructions of
Effectene reagent. Cells were cultured for 48 h, the stably
transfected cells were selected by culturing in medium
containing G418 (600 pg/mL).
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Detection of Fas mRNA expressed in hepatocytes by using
RT-PCR

Total RNA was extracted from all above-mentioned groups by
using TriZol reagent. After cDNA was synthesized, PCR reaction
was performed, B-actin was used as control. The employed
primerswereasfollows: Fassenseprimer 5 -GCTGCAGACATG
CTGTGGATC-3 and anti-senseprimer 5 -TCACAGCCAGGA
GAATCGCAG-3, B-actinsenseprimer 5 -GACGATGATATTG
CCGCACT-3 and anti-sense primer 5 -GATACCACGCTTGC
TCTGAG-3'. Reaction conditionsfor PCR were: pre-denaturation
for 3min at 95 °C, 30 cycles of denaturation for 30 sat 95 °C,
annedingfor 45sat 58°C, extensonfor 45sat 72 °C, and extenson
for3minat 72 °C. PCR productswererunon 15 g/L agarosegel.

Detection of Fas protein expressed in hepatocytes by western blot
Threegroupsof cellswerecollected regularly and lysedin soluble
buffer, then the proteins were measured as 0.4 pg/pL, and
electrophoresed in 100 g/L SDS-polyacrylamide minigels.
Thefirst antibody was rabbit anti-mouse-Fas antibody (1:200).
The second antibody was goat anti-rabbit-1gG (1:5 000). At
last the color was developed by ECL system.

Detection of caspase-3 protease activity

Treated with JO, (5 pg/mL) for 24 h under common growth
condition, apoptosis of three-groups of cells were induced.
Meanwhile the negative control without apoptosis and apoptosis
cells treated with caspase-3 inhibitor (DEVD-fmk) were
established. After being collected, cells were treated with cell
lysisbuffer sufficiently. The supernatant was retained (including
protein needed), and then the procedure was performed
according to the instructions of caspase-3 activity detection kit.
The optical density (A) was measured at 405 nm.

Detection of cell viability via MTT assay

Grouped and treated as above, cells were inoculated into 96-
well plates at aconcentration about 10°/mL (100 pL/well). After
incubation with 10 yL MTT(0.5 mg/mL) for 4 h at 37 °C, the
formazan crystals were dissolved in 100 pL DM SO, then the
A was measured at 570 nm.

Detection of apoptosis through FACS

Three groups of cells treated with anti-Fas antibody JO, and
the empty control were conjugated with Annexin V-FITC and
Pl respectively. Cell apoptosiswas analyzed by flow cytometry.

RESULTS

Effects of ribozyme on Fas expression
Fasand -actin PCR amplification generated amplicons of 419 bp
and 186 bp respectively. Through scanning the luminescence,
theratio of Fas/3-actin was analyzed by using gl image analysis
system. The negative control was 1.1; mouse hepatocytes
transfected with pEGFPC1 was 0.98; hepatocytes transfected
with pU6-RZ596 was 0.43. It wasclear that FessmRNA expression
in cdlstransfected with anti-Fasribozymewas|ower thanthat in
control and cdlls transfected with empty vector (Figure 1).
Western blotting displayed Fas protein expressed in cells
transfected with pU6-RZ596 was much lower than that
expressed in control and cell stransfected with pEGFPC1, which
was consistent with the results of RT-PCR (Figure 2).

Effect of anti-Fas ribozyme on caspase-3 activity

After 24 h of stimulation with JO,, caspase-3 activity of mouse
hepatocytes was specifically inhibited by acaspase-3 inhibitor.
Compared with negative control, caspase-3 activities of other
groups transfected with pEGFPC1 and pU6-RZ596 were 95%
and 45% respectively (Figure 3).

Effect of anti-Fas ribozyme on cell viability

After induction of apoptosis of mouse hepatocytes through
stimulation with JO,, cell viability was detected by MTT assay.
Compared with negative control, cell viabilities of other groups
transfected with pEGFPC1 and pU6-RZ596 were 98% and 208%
respectively (Figure4).

Inhibition of Fas-mediated apoptosis in mouse hepatocytes
Cell apoptosis was induced as the method mentioned above.
Apoptosisrates of cellsin control, mock-transfected and pU6-
RZz596-transfected groupswere 86%, 87% and 35%, respectively
(Figureb).

321 M
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Figure 1 Fas gene transcription in all groups. M: DL-2000 DNA
marker, Lanes 1-3: Empty control, mock-transfected group
and pU6-Rz596-transfected group.

Fas --‘ . By

Figure 2 Fas protein expression in all groups. M: Marker;
Lanes 1-3: Empty control, mock-transfected group and pU6-
RZ596-transfected group.
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Figure 3 Detection of caspase-3 activity in all groups.
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Figure 4 Stimulated with JO, for 24 h, cells viabilities of control,
mock-transfected and pU6-RZ596-transfected groups were
detected by MTT assay.
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Figure 5 Detection of apoptosis of hepatocytes through cytometry. A: Apoptosis rate of control group was 86%; B: Apoptosis rate
of mock-transfected cells was 87%; C: Apoptosis rate of pU6-RZ596-transfected cells was 35%.

DISCUSSION

Usually in clinic the hepatocytes of patients with acute or
chronic liver failure show denaturation, necrosis and function
failure. Existing pathogenic therapy and usual allopathy can
not compensate functions of hepatocyted*?3, Now, the most
efficient way isliver transplantation, but grafts survival isone
of the important factors to affect whether liver transplantation
is successful.

Primary mouse hepatocytes were isolated through two-step
irrigation method™, in which Fas expression was detected by
RT-PCR and Western bloting. Treated with anti-Fas antibody
JO,, apoptosis of hepatocytes was induced with decreased
viability. So hammerhead ribozyme targeting directly at 596
GUA triplets of FasmRNA was constructed to efficiently block
out Fas gene and decrease apoptosis of hepatocytes. As an
RNA molecule with catalysis function!*®, ribozyme can bind
and cleavetarget RNA to inhibit gene expression. Hammerhead
ribozyme is widely used in gene therapy because of its many
superioritied®, including small molecule weight, easy to design
and synthesis, etc. Anti-Fas ribozyme was transfected into
mouse hepatocytes by using Effectene reagent, then the stable
clone was selected to investigate the inhibition action of
ribozyme on Fas-mediated apoptosis. Results displayed that
expression of Fas mRNA and protein in cells transfected with
anti-Fas ribozyme was remarkably lower than that in control
and mock-transfected cells. After stimulation with apoptosis
inducer JO, (imitating therole of FasL invivo) for 24 h, apoptosis
rate of cells transfected with anti-Fas ribozyme was obviously
lower than that of negative control and mock-transfected cells.
Accordingly, caspase-3 activity of ribozyme-transfected cells
was much lower than that of other groups, but cell viability was
higher than the other two groups.

Apoptosis activates a series of proteases to induce
programmed death of target cells through two ways including
death receptor way and mitochondriaway!*"*8, Thefinal effect
of thetwo waysisactivity of cagpase-3, that isto say caspase-3is
the common channel of two apoptosis ways'*®. Therefore,
caspase-3 activity was increased in apoptosis and correlated
with apoptosis rate positively. Anti-Fas ribozyme could not
only decrease Fas expression but a so wesken caspase-3 activity
to reduce apoptosis induced by anti-Fas antibody. It is clear
that hammerhead ribozyme targeting at 596 site of FasRNA in
thisresearch can efficiently cleave FasmRNA, which decreases
not only the Fas expression but also its function. In existence
of factorsinducing apoptosis, ability of hepatocytestransfected
with ribozyme against apoptosiswas enhanced and cell viability
was increased, which was coincident with study results of
Dagmer about primary mouse islet 3 cells and insulinoma
cellg024,

In short, anti-Fasribozyme not only prevents Fasexpressionin
mouse hepatocytes but also inhibits Fas-mediated apoptosis
toimprovecell surviva after being transfected into hepatocytes,
which afford strong assurance for successful liver transplantation.
Further research should be focused on clinical application of
anti-Fasribozyme and selection of moreefficient, highly specific
and low toxic vectorg?,
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Abstract

AIM: To develop a novel process for production of HAV in
Vero cells grown on microcarriers in a bioreactor.

METHODS: Vero cells infected with HAV strain W were
seeded at an initial density of 1x10° cells/mL into a 7-L
bioreactor containing Cytodex-I microcarriers. During the
stage of cell proliferation, the following conditions were
applied: pH 7.2+0.2, temperature 37+0.2 °C, dissolved
oxygen 40% of air saturation and agitation rate 40 r/min .
After the stage of virus culture started, the culture conditions
were altered to pH 7.2+0.2, temperature 35+0.2 °C,
dissolved oxygen 25% of air saturation, agitation rate 50 r/min
and perfusion of fresh medium at a flux of 20 mL/h. During
the course of fermentation, cell density, HAV antigen titre,
glucose, lactate and ammonia levels were monitored. A
control experiment using conventional static culture was
conducted in the T150 flask.

RESULTS: After a 28-d cultivation, cell density increased
to 14.0x10° cells/mL in the bioreactor, 5.6x10° viable cells and
4 000 mL virus suspension with a titre of 1:64 were harvested.
The viral antigen output per cell unit in the bioreactor was
3-fold higher than that in the T150 flask. Meanwhile the
metabolic mode of Vero cells did not change after the infection
with HAV strain W.

CONCLUSION: The process for production of HAV in Vero
cells grown on microcarriers in a bioreactor is a novel,
efficient and practical way to obtain virus antigen for vaccine
purpose. This approach produces more cells and HAV
antigen than the conventional static culture. With futher
improvement, it is possible to be used for the production
of hepatitis A vaccine.

Sun MB, Jiang Y], Li WD, Li PZ, Li GL, Jiang SD, Liao GY. A
novel process for production of hepatitis A virus in Vero cells
grown on microcarriers in bioreactor. World J Gastroenterol/
2004; 10(17): 2571-2573
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INTRODUCTION

Hepatitis A continues to be one of the most frequently reported
infectious diseases with a worldwide distribution, and the

continued occurrence of extensive community wide outbreaks
indicatesthat hepatitis A remainsamajor public health problem.
The availability of hepatitis A vaccine provides the opportunity
to substantially lower diseaseincidence and potentially eliminate
infection*?. Several inactivated and live-attenuated hepatitis
A vaccines have been developed. Due to the high protective
efficacy, immunogenicity and safety, the inactivated vaccines
are more favored®®. At present several inactivated hepatitis A
vaccinessuchasHAVRIXR, VAQTAR, AVAXIMR and EPAXALR
are commercially available™9. Inactivated hepatitis A vaccine
is prepared by methods similar to those used for inactivated
poliovirus vaccines. Cell-culture-adapted virus is propagated
in human fibroblast cells, usually in MRC-5 cells, purified from
cell lysates by ultrafiltration and exclusion gel chromatography
or other methods, inactivated with formalin, and absorbed to
an auminum hydroxide adjuvant. Compared with the production
of live- attenuated vaccines, much larger quantities of HAV
antigen are required for the production of inactivated vaccines.
Thus the production of inactivated hepatitis A vaccines is
usualy hampered by the difficulty of preparation of large amounts
of virus antigensin the conventional static flask or roller bottle
cultures. The technique of microcarrier cell culture was first
developed in the late 1960 s and has been used successfully for
the production of rabiesand poliomyelitisvaccines. Onedefinite
advantage of microcarrier cell cultureisthe ability to offer a
high product output, which may help to solve the shortage of virus
antigensfor production of inactivated hepatitis A vaccined®13,

Asmentioned above, most hepatitis A vaccinesare commonly
prepared by cultivation of HAV in human fibroblast cells
including MRC-5 cells. No vaccineis produced by microcarrier
technology due to the unsuitability of growth for MRC-5 cells
on microcarriers. For HAV production in amicrocarrier system
it is necessary to establish suitable cells on microcarriers. Vero
cells can grow well on microcarriers. But HAV isvery difficult
to adapt to grow in Vero cells. There are few reports about the
isolation and adaptation of HAV in Vero cells. Until recently, no
report about the production of hepatitis A vaccinesin Vero
cellsgrown on microcarriersin bioreactor isavailable. To verify
thefeasibility of thisapproach, HAV strain W wasisolated and
adapted in Vero cellsin our previouswork. This study described
the production of HAV strain W in Vero cdlls grown on Cytodex-|
microcarriersina-L bioreactor.

MATERIALS AND METHODS

Bioreactor

A 7-L cell bioreactor (Applikon. Co., Holland) was used. Its
work volumeis4 L. Thevaueof dissolved oxygen wasregul ated
by importing air mixturewith different ratios of O, N, CO, and
air. Thevalue of pH was controlled by addition of NaHCO:.

Microcarrier
Cytodex-I microcarrier (Pharmacia Fine Chemicals, Uppsala,
Sweden) was used.

Medium
Cellswere grown in minimum essential medium (MEM; Gibco,
Glasgow, UK) supplemented with 100 U/mL penicillin, 10 mmol/L
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of glucose, 5 mmol/L of glutamine and 100 mL/L bovine calf
serum. In both virus culture medium and the feeding medium,
bovine calf serum was reduced to 2 %.

Cell line and virus

Vero cell line was obtained from ATCC and preserved at our
laboratory. Vero cellswere used between passages 142 and 146
in this study. HAV strain W was isolated and adapted in Vero
cdlsat our laboratory. Theantigen titreof HAV used for inoculaion
was1:128.

Virus adsorption

Vero cellswere seeded into the T150 flasks at the concentration
allowing for the formation of a confluent monolayer in 4-5 d.
The monolayer cells were trypinsized and collected to make
cell suspension in aBellco agitation bottle. The cell suspension
wasinoculated with HAV strain W and incubated at 35 °C with
adtirring of 30 rpmfor 6 h.

Bioreactor culture
Bioreactor culture was divided into two stages including cell
proliferation and virus culture. Infected Vero cells were seeded
into the 7-L bioreactor at an initial density of 1x10° cells/mL.
During the stage of cell proliferation, the following conditions
were applied: pH 7.2+0.2, temperature 37+0.2 °C, dissolved
oxygen 40% of air saturation and agitation rate 40 r/min. After
the cell density reached to 1x10° cell¥mL, stage of virus culture
started and the used medium was replaced with maintenance
medium. The culture conditions were altered to: pH 7.2+0.2,
temperature 35+0.2 °C, dissolved oxygen 25% of air saturation
and agitation rate 50 r/min. Meanwhile, perfusion was started
and the perfusion rate was modulated to 20 mL/h. After a28-d
culture, infected cells were trypinsized and collected for the
harvest of HAV antigen.

Inafurther study, M 199 medium was used instead of MEM
during virus culture. A circulating equipment was used to
increase the dissolved oxygen in the feeding medium.

Conventional static culture

Infected Veero cellswere seeded & aninitia density of 1x10° cdlgmL
into the T150 flask containing 150 mL MEM medium. The
cultureswere incubated at 35 °C and the medium was replaced
each week. After a28-d culture, infected cellsweretrypinsized
and collected for the harvest of HAV antigen.

Metabolite analysis

Samplestaken from the culturesin the bioreactor were centrifuged
at 1500 r/min for 10 min. The supernatantswere stored a -20 °C
until tested. Glucose, ammoniaand |actate concentrations were
monitored by enzymatic assays, using specific assay kits(16-UV,
171-UV and 826-UV for glucose, ammonia and lactate
respectively; Sigma, St. Louis, USA).

HAV antigen titre assay

Harvested cdllswere gpplied to three cyclesof freezing and thawing
following ultrasonication. After centrifugation at 1 500 r/min
for 10 min, HAV antigen titrein the supernatant was determined
by ELISA.

RESULTS

Growth and metabolism of infected Vero cells in bioreactor

Seventy-eight hours after the seeding, infected Vero cell density
increased from 1x10° cells/mL to 11.17x10° cells/mL. At this
point, the mode of bioreactor culture was switched from cell
proliferation to virus culture. During the stage of virus culture,
thecdl density waskept above 1x10° cdlls/mL, reaching amaximum

of 15.60x10° cells/mL at 402 h. It achieved 14.0x1C° cdlmL at the
end of virusculture, indicating al4-fold increase over theinitia
cdl dengity. Theinitial concentration of glucosewas 7.8 mmol/L
at the beginning of cell proliferation stage. Asthe cell density
increased, the concentration declined. The rate of declination
gradudly became dow asaresult of thefeeding of fresh medium.
Theresidual glucose concentration was 0.63 mmol/L at theend
of virusculture. Theinitial concentrationsof lactate and ammonia
were 1.27 mmol/L and 0.18 mmol/L respectively at thebeginning
of cell proliferation and increased along with the increasing
of cell density. Thelactatelevel increased from 3.87 mmol/L to
12.68mmoal/L andammonialeve from 1.19mmol/L to2.68 mmol/L
during the stage of virus culture. The rate of accumulation also
became dow due to the feeding of fresh medium at the end of
virusculture. Figure 1 showsthevariationsof cdll density, glucose,
lactate, and ammonialevels.
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Figure 2 Production of HAV antigens by Vero cells grown on

Cytodex-I microcarriers in a 7-litre bioreactor. (m) Viable cell
density (10° cells/mL), () HAYV antigen titre (1:).

Virus culture in bioreactor

No HAV antigen wasdetected during the stage of cell proliferation
and at the early stage of virus culture. At 160 h, HAV antigen
wasfirst detected with atitre of 1:8 and achieved amaximum of
1:64 at 570 h (Figure 2). Four thousand mililitres of virus
suspension with atitre of 1:64 was obtained at the end of virus
culture,

Cell and antigen yields in flask
Aftera28-dcultivation, 4x10"viablecdlsand 5mL virussugpension
with atitre of 1:128 were obtained from a T150 flask.

Improvement of virus culture in bioreactor

MEM medium was replaced by M 199 medium, which contained
richer nutriments and was more suitable for virus growth in
cells. A circulating equipment was added to increase the
dissolved oxygen in the feeding medium. With these
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modifications, antigen titre achieved 1:128 in the harvested
suspension.

DISCUSSION

In this study the growth kinetics and metabolic properties of
Vero cellsinfected with HAV strain W were investigated. The
resultsweresimilar to those of uninfected Vero cdllsin our previous
work (Data not shown) and other studies***%, This indicated
that the metabolic mode of Vero cellsdid not change after infection
with HAV strain W.

The yield of viable cells was 5.6x10° in the bioreactor
whereas4x107 inthe T150 flask. Theformer was 140-fold higher
than the latter. Theyield of HAV antigenswas 4 000 mL witha
titre of 1:64 in the bioreactor and equaled to the yield from 400
T150 flasks. Furthermore, per 10° cells produced 1 mL HAV
antigens with atitre of 1:4.57 in a bioreactor compared with
only atitre of 1:1.6 in the T150 flask, that is the antigen output
per cell unit in the bioreactor was 3-fold higher than that in the
T150 flask. The findings mentioned above demonstrated this
process for the production of HAV in Vero cells grown on
microcarriersin ahbioreactor could provide much higher yields
of viable cells and virus antigens than that in conventional
static culture. The antigen output per cell unit was al so apparently
higher. The technique of microcarrier culture in a bioreactor
could offer numerous advantages over traditional techniques,
such as a high ratio of surface areato volume, an efficient
monitoring and control of key process parameters including
temperature, pH and dissolved oxygen. Moreover, the culture
substrate conditions could be controlled exactly and regulated
in batch or fed-batch operation. The optimal metabolism and
physiological status of cells could be achieved through the
feeding of fresh medium and removal of toxic metabolites. Thus
a high cell density and product output rate could be easily
achieved™>l,

In conclusion, the process for production of HAV in Vero
cellsgrown on microcarriersin abioreactor isanovel, efficient
and practical way to obtain virus antigens for vaccine purpose.
This approach produces more cellsand HAV antigensthan the
conventional static culture. The optimal growth conditions for
Vero cellsand HAV strain W in a bioreactor are being further
investigated to enhance the yield of virus antigens.
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Abstract

AIM: To examine the expressions of matrix metalloprotein-
ases-2 (MMP-2) and tissue inhibitor of metalloproteinases-1
(TIMP-1) in rat fibrotic liver and in normal rat hepatic stellate
cells, and to investigate the changes in their expressions
in response to treatment with interleukin-10 (IL-10) and
platelet-derived growth factor (PDGF).

METHODS: Rat models of CCl,-induced hepatic fibrosis
were established and the liver tissues were sampled from
the rats with or without IL-10 treatment, and also from the
control rats. The expressions of MMP-2 and TIMP-1 in liver
tissues were detected by S-P immunohistochemistry, and
their expression intensities were evaluated in different
groups. Hepatic stellate cells (HSCs) were isolated from
normal rat and cultured /n vitro prior to exposure to PDGF
treatment or co-treatment with IL-10 and PDGF. MMP-2
and TIMP-1 levels were measured by semi-quantitative
reverse transcriptional polymerase chain reaction (RT-PCR).

RESULTS: CCls- induced rat hepatic fibrosis models were
successfully established. The positive expressions of MMP-2
and TIMP-1 increased obviously with the development of
hepatic fibrosis, especially in untreated model group (84.0%
and 92.0%, P<0.01). The positive signals decreased
significantly following IL-10 treatment (39.3% and 71.4%,
P<0.01 and P<0.05) in a time-dependent manner. TIMP-1
mRNA in PDGF-treated group was significantly increased
time-dependently in comparison with that of the control
group, but PDGF did not obviously affect MMP-2 expression.
No difference was noted in TIMP-1 and MMP-2 expressions
in HSCs after IL-10 and PDGF treatment (~>0.05).

CONCLUSION: MMP-2 and TIMP-1 expressions increase
in liver tissues with the development of fibrosis, which can
be inhibited by exogenous IL-10 inhibitor. PDGF induces
the up-regulation of TIMP-1 but not MMP-2 in the HSCs.
IL-10 inhibits TIMP-1 and MMP-2 expressions in HSCs
induced by PDGF.

Zhang LJ, Chen YX, Chen ZX, Huang YH, Yu JP, Wang XZ.
Effect of interleukin-10 and platelet-derived growth factor
on expressions of matrix metalloproteinases-2 and tissue
inhibitor of metalloproteinases-1 in rat fibrotic liver and cultured
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INTRODUCTION

Liver fibrosis and its end-stage sequelae cirrhosis represent a
major worldwide health problem. By definition progressive
fibrosis occurswhen the rate of matrix synthesis exceeds matrix
degradation™. Considerable evidence suggests that the hepatic
stellate cells (HSCs) are central to the fibrotic process. HSCs
are normally located in the perisinusoidal space as quiescent
vitamin A-storing cell ssecreting low level sof extracel lular matrix
(ECM). Following liver injury, increased synthesis of
extracellular matrix constituents occurs in combination with
other phenotypic changes (also called activation) of HSCsinto
myofibroblast-like cells. It has been demonstrated by the
analysis of freshly isolated HSCs that a number of these
phenotypic changes take place, including increased expression
of extracellular matrix constituents and the expression of a-
SMAI23l, This activated phenotype of HSCs subsequently
becomes the major source of theinterstitial collageng*®. It has
been suggested that HSCs are a so asource of matrix-degrading
metall oproteinases (MMPs), indicating their participation in
matrix remodeling™®. Asafamily of neutral proteinases, MMPs
act on avariety of substrated?. Different expression profiles
of MM Psinfluence the outcome of ECM components, resulting
in preferential accumulation of interstitial collagens, typel in
particular, in the fibrotic liver. MMPs are tightly regulated at
thelevels of transcription, secretion, and proteolytic activation,
and their activities are governed by tissue-derived inhibitorgY.
The expression of tissue inhibitors of MMPs (TIMP) has aso
been demonstrated in human fibrotic liver disease and animal
models of liver fibrosig*?. At present, 4 TIMPs have been
characterized*¥, all being low-molecular-weight proteins
sharing structural similarities. Individual members of the TIMP
family display selective affinities for different members of the
MMP family™, TIMP-1 controls mostly the activity of MMP,
particularly MMP-1, whereas TIMP-2 isthe major inhibitor of
MMP-2181, MMP/TIMP balance is thought to play a pivotal
role in the development of liver fibrosis, but their direct
interaction in vivo has not yet been clarified. In the present
study, the expressions of MMP-2 and TIMP-1 in rat fibrotic
liver and in HSCs were examined and their changes were
investigated in the presence of interleukin (1L)-10 and PDGF.

MATERIALS AND METHODS

Materials
Onehundred clean male Sprague-Dawley ratsweighing 140-180 g



Zhang LJ et al. MMP-2 and TIMP-1 expression in rat liver and hepatic stellate cells 2575

(provided by Shanghai Experimental Animal Center) were
divided randomly into control group (n= 24), mode group (n=40)
and IL-10 trestment group (n = 36). All theratswere bred under
routine condition (room temperature of 22+2 °C, humidity of
55+5%, with light/dark alternating every 12 h and free accessto
water and food. The feed was provided by BK Company in
Shanghai, China).

Preparation of rats

Ratsin control group were given intraperitoneal injection with
saline at 2 mL/kg twice aweek, and thosein model and IL-10
treatment groups received intraperitoned injection with 500 mL/L
CCl, (dissolved in castor oil) at 2 mL/kg twice aweek. From the
third week, ratsin treatment group were given intraperitoneal
injectionwith 1L-10 at 4 pg/kg (dissolvedin saline) 20 min prior
to CCl, injection. All injections were performed on Mondays
and Thursdays after measurement of therats' body weight. In
the 5thwk, 3ratsin model group and 2 in treatment group died;
inthe 7thwk, 8 and 4 ratsin these two groups died, respectively,
and in the 9th week, another 10 and 6 died. At thistime point, 3
ratsin control group aso died. Inthe 5th, 7th and 9th wk, 7to 10
ratsin each group were sacrificed to collect their liver samples,
which were fixed in 40 g/L formaldehyde and embedded with
paraffin.

Immunohistochemistry

Rat liver tissues were sectioned at the thickness of 4 um. After
deparaffinization with xylene and dehydration with graded
ethanol, the sectionswere incubated in PBS containing 30 mL/L
H.O, to remove endogenous peroxidases and then in PBS
containing 0.1 mol/L citrate to saturate the nonspecific binding
sites. After incubation with goat anti-rat MMP-2 and TIMP-1
monoclonal antibodies, the sections were treated with instant
S-P immunohistochemical reagents (American Zymed
Company) and then incubated in a buffer solution containing
3,3-diaminobenzidine tetrahydrochloride (DAB) and H,O, for
visualization, followed by dehydration and mounting procedures.
Microscopic examination of the sections was then performed.

Resultassessment

Reactions were graded and scored according to their intensities
and percentage of the positive cells respectively as follows:
Zero score for negative reaction, 1 score for pale yellowish
staining, and 2 scores for dense yellow or brown staining;
0 score for a percentage of positive cells below 5%, 1 score for
one between 6% and 25%, 2 scores for one between 26% and
50%, and 3 for one over 50%. The eventual score of the section
was derived from the product of the 2 scores for staining
intensity and positive cell percentage, and graded as negative
(-) result for a score lower than 1, positive result (+) for one
between 2 and 3, and strong positive result (++) for one over 4.
Ridit analysis was utilized to assess the difference between
the groups.

Hepatic stellate cells isolation and culture

Male Sprague-Dawley rats weighing 450-500 g were used for
isolation of HSCs. Rat liver nonparenchymal cellswereisolated
by means of sequential perfusion with collagenase and pronase
E as described previously!®. Buoyant HSCs were separated
from theresulted cell suspension by elutriation over aNycodenz
gradient centrifugation. Desmin immunocytochemistry
demonstrated a purity of isolated HSCs over 95%. The HSCs
were then seeded into plastic tissue culture flask at the density
of 1x10%/mL in DMEM containing 100 mL/L fetal calf serum
(FCS), and incubated at 37 °C with 50 mL/L CO,. The culture
medium was replaced 24 h after plating and every 48-72 h
thereafter. The subsequent passages of HSCs were diluted to

5x10%mL before seeded into 50 mL culture flask containing
DMEM medium supplemented with FCS.

PDGF treatment of HSCs

The cultured HSCs were divided into 6 groups: the first and
sixth groups serving as control were cultured in 3mL DMEM
medium for 2 and 24 h, respectively, with the second, third, fourth
and fifth groups cultured in 3mL DMEM medium inthe presence
of 20ng/mL PDGFfor 2,4, 8and 24 h, respectively. Thecdlswere
then harvested for reverse transcriptional-PCR (RT-PCR).

Co-treatment of HSCs with IL-10 and PDGF

Cultured HSCswere divided into 8 groups: the first and second
groups (blank control) were cultured in 3 mL DMEM medium
for 2 and 24 h, respectively, and the third, fifth and seventh
groups (negative control) cultured in 3 ML DMEM medium
containing 20 ng/mL PDGF for 2, 12 and 24 h, respectively,
whilethe fourth, sixth and eighth groups were cultured in 3 mL
DMEM medium containing both 20 ng/mL IL-10 and 20 ng/mL
PDGF for 2, 12 h and 24 h, respectively. The cells were then
harvested for RT-PCR.

RT-PCR for MMP-2 and TIMP-1

Total RNA wasisolated from HSCsusing Gentrareagent (USA)
according to the protocol provided by the manufacturer. The
Ao/ Asgo Of total RNA ranged between 1.8 and 2.0. After
treatment with Dnase-1 (1-2 pg), total RNA was reversely
transcribed into complementary DNA (cDNA) with oligo (dT)
using cDNA synthesis kit, and 2 pL cDNA product was then
used as the template to amplify specific fragmentsin a 25 L
reaction system. PCRs using Taqg polymerase reaction were
carried out with an initial denaturation at 95 °C for 5 min,
followed by 25 cyclesat 94 °Cfor 45 s, annesling at 60 °C for 30
s, a 72°Cfor 60 s, withafina extensonat 72 °Cfor 7 min. The
primer sequences used for MMP-2 were 5'-
GTGCTGAAGGACACCCTCAAGAAGA-3 (sense) and 5'-
TTGCCGTCCTTCTCAAAGTTGTACG-3' (antisense), and
thosefor TIMP-1were5' -GCCATGGAGAGCCTCTGTGG-3
(sense) and5'-GCAGGCAGGCAAAGTGATCG-3' (antisense);
the primers for B-actin as the internal control were 5'-
GAGCTATGAGCTGCCTGACG-3' (sense) and 5'-
AGCACTTGCGGTCCACGATG-3 (antisense).

Electrophoresis and semi-quantitative analysis

PCR products underwent 2% agarose gel electrophoresis and
were visualized with ethidium bromide. The expected products
sizeswere 604 bpfor MMP-2, 310 bpfor TIMP-1 and 410 bp for
[-actin. Bio Imagine System was applied to detect the density
of the bands of PCR products. The expression levels of MMP-2
and TIMP-1 were calculated by theratio of their band densities
of PCR productsto that of 3-actin. Semi-quantitative detection
wasrepeated for 5times. SPSS10.0 softwarewasused to analyze
the difference between the groups.

RESULTS

MMP-2 and TIMP-1 expressions in liver tissues

The positive rate of MMP-2 in control group, model group and
IL-10treatment group was 9.5%, 84.0% and 39.3%, respectively,
and that of TIMP-1 was 23.8%, 92.0% and 71.4%, respectively.
The granular positive products were localized in the cytoplasm
of hepatocytes and biliary epithelial cells. In control group, the
positive expressions of MMP-2 and TIMP-1 were weak and
found mainly in endothelial cells and hepatic cells. In model
group, positive expressions increased obviously with the
development of hepatic fibrosis, distributing in biliary epithelia
cells, fibrablasts and muscular cells. In treatment group the
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Figure 1 MMP-2-positive cells in the model group (S-P method, Figure 4 TIMP-1-positive cells in IL-10 treatment group (S-P

x200). method, x400).
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Figure 2 MMP-2-positive cells in IL-10 treatment group (S-P Figure 5 Effects of PDGF on TIMP-1 and MMP-2 expressions in
method, x200). HSCs. 1: Control group (2 h); 2: PDGF-treated group (2 h); 3:
PDGF-treated group (4 h); 4: PDGF-treated group (8 h); 5: PDGF-
treated group (24 h); 6: Control group (24 h).

Intensities of MMP-2 and TIMP-1 immunoreactivities

Comparison of MMP-2 and TIMP-1 positive expression levels
between the 3 groupsisshownin Table 1. Ridit analysis showed
significant difference between the 3 groups (P<0.01). Higher
expression levelsof MMP-2 and TIMP-1in model group were
detected than in control group (P<0.01). In treatment group,
IL-10 treatment resulted in decreased immunoreactivities for
MMP-2 and TIMP-1 (P<0.01 and P<0.05 respectively). The
expression levelsof MMP-2 and TIMP-1 in different phases of
hepatic fibrosis are listed in Table 2. With the development of
hepatic fibrosis, the intensities of MMP-2 and TIMP-1
immunoreactivitiesincreased gradually, and the difference was

Figure 3 TIMP-1-positive cells in the model group (S-P method,

Table 1 Comparison of MMP-2 and TIMP-1 immunoreactivities between control, model and treatment groups

MMP-2 TIMP-1
Group
n - + ++ Ridit value - + ++ Ridit value
Control 21 19 2 0 0.312 16 5 0 0.277°
Model 25 4 13 8 0.712¢4 2 14 9 0.684¢
Treatment 28 17 10 1 0.451° 8 18 2 0.503¢

5P<0.01 vs treatment group; °P<0.05; “P<0.01 vs control group; *P>0.05 vs control group; 9P<0.05 vs model group.

Table 2 Comparison of MMP-2 and TIMP-1 immunoreactivities measured at different time points in model group

MMP-2 TIMP-1
Wk n
- + ++ Ridit value - + ++ Ridit value
5 8 1 7 0 0.378 1 6 1 0.362°
7 8 5 1 0.388 1 5 2 0.418¢
9 9 1 1 7 0.709 0 2 7 0.698¢

5P<0.01 vs wk 7 and 9; 3P<0.05 vs wk 9; °P<0.05 vs wk 7; °P>0.05 vs wk 5.
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significant (P<0.05).

Relative quantities of MMP-2 and TIMP-1 mRNA in HSCs
Expression of TIMP-1in PDGF-treated HSCswas significantly
increased time-dependently as compared with that in control
cells (P<0.01). There was no differencein MMP-2 expression
between PDGF-treated HSCs and control cells (Figure5). After
treatment with IL-10 and PDGF, expressions of TIMP-1 and
MMP-2in HSCsweresimilar to thosein negative control groups
(P>0.05), without changes over time (Figure 6).

201 OTIMP-1/p-actin
1.5~ HEMMP-2/B-actin
1.0

0.5

0.0

Figure 6 Effects of IL-10 and PDGF on TIMP-1 and MMP-2
expressions in HSCs. 1: Blank control group (2 h); 2: Blank
control group (24 h); 3: Negative control group (2 h); 4: Treat-
ment group (2 h); 5: Negative control group (12 h); 6: Treat-
ment group (12 h); 7: Negative control group (24 h); 8: Treat-
ment group (24 h).

DISCUSSION

Liver fibrosis is thought to be a progressive pathol ogical
process that leads ultimately to deposition of excess matrix
proteins in extracellular space*”, and destroys normal liver
architectureto finally result in cirrhosis. In extracellular space,
matrix degradation occurs predominantly consequent totheaction
of afamily of enzymes known as matrix metalloproteinases®,
These enzymes are secreted by cellsinto extracellular space as
proenzymes, which are then activated by a number of specific
mechanisms. MMP-2 (gelatinase A) produced by activated
HSCs, as demonstrated by immunohistochemistry and in situ
hybridization**?, plays an important role in remodeling the
basement membranes as it degrades several of the collagen
componentsincluding collagen 1V, laminin and fibronectini?!,
In other tissues, such as lung, kidney and heart, MM P-2
expression is also increased during fibrogenesig? !, Recent
studies showed that inhibition of MM P-2 activity® or blockade
of MMP-2 synthesig?! might effectively prevent mesangial
cell proliferation and collagen | synthesisin vitro, indicating
the possible role of MM P-2 as agrowth factor and activator for
mesangial cells, performed probably through an autocrine
pathway®?. In human liver fibrosis or in rat models of CCl,-
induced liver fibrosis, the expression of MMP-2 mRNA was
increased by several fold, and HSCs expressed MM P-2 when
activated by in vitro culture??, as is consistent with our
findingsin this study.

TIMPs are the most important family of moleculesinvolved
in regulation of extracellular MMP activity!®3, TIMPs are
produced by awide variety of cells and often cosecreted with
MMPs, providing local autoregulation of MMP activity.
Recognized now asamultifunctiona protein, TIMP-1 has been
reported to stimulate steroidogenesis, inhibit angiogenesis, and
induce changes in cell morphology!**. It has been shown
that TIMP-1, but not TIMP-2, can enter the nuclei of several
types of cells, which further suggests that TIMP-1 may also
act as a transcription factor®=!, We found that during the
development of liver fibrosis, TIMP-1 expression in the liver
was markedly up-regulated. Increased serum TIMP-1 levels

have been documented in patients with chronic active liver
diseasein correlation with histological degree of human liver
fibrosisi®®. Liver TIMP-1 protein levels are also closely
correlated with the histological degree of liver fibrosis. The
above findings suggest that TIMP-1 plays an important rolein
the development of liver fibrosig'2%37, Recent findingsindicate
that HOEQ77, a prolyl-4-hydroxylase inhibitor, may prevent
fibrosis by inhibiting the expression of liver type | procollagen
and TIMP-1 mRNAs as well as proline hydroxylation and
stellate cell activation, resulting in reduced expression of
procollagen and TIMP-1 mRNAS®, Experiments with liver-
targeted TIMP-1 transgenic (TIMP-Tg) mouse have shown
significantly attenuated ability of reversing spontaneous liver
fibrosisin TIMP-Tg mice as compared with the control mice™.
But the exact role of TIMP-1 in liver fibrogenesis has not yet
been clarified. In another experiment with TIMP-Tg mice, the
direct effect of TIMP-1 overexpression on CCl,-induced liver
fibrosiswas examined, it wasfound that TIMP-1 did not induce
liver fibrosis by itself, but strongly promoted liver fibrosis
development, in other words, TIMP-1 behaved not as the
initiation factor, but as a strong promoter of liver fibrosig“?.

PDGF is amajor mitogen for connective tissue cells and
some other cell types. This dimeric molecule consists of
disulfide-bonded, structurally similar A- and B-polypeptide
chains that combine to form homo- and hetero-dimers, and is
involved in autocrine and paracrine stimulation of cell growth
in several different pathological conditions. Evidence showed
that recombinant PDGF stimulated proliferation of nonconfluent
myofibroblasts and collagen production in confluent cultures of
myofibroblasts without increasing cell number, demonstrating
the importance of PDGF in pathogenesis of liver fibrosig*-4,
It has been established that human and rat HSCs are able to
migrate according to the concentration gradients of chemotactic
factorg*s*8l, The best characterized chemotactic factor for HSCs
identified so far is PDGF-BB!“*4"*%, known also as the most
potent mitogen for HSCs and overexpression during active
hepatic fibrogenesig™. Our findingsin this study showed that
after PDGF treatment, the expression of TIMP-1 increased
significantly in HSCs possibly because PDGF-promoted HSC
proliferation and activation, indicating theimportance of PDGF
in pathogenesisof liver fibrogs. Wea so found that theexpression
of MMP-2 did not increasein HSCsafter PDGF treatment, which
is suggestive of the irrelevance of MMP-2 in fibrogenesis
induced by PDGF.

IL-10, originally isolated from mouse helper T cells, isa
cytokine that regulates a number of interleukins. It inhibits
synthesis of several cytokinesby T lymphocytes and activates
monocytes, and was therefore originally named cytokine
synthesis inhibitory factor’®. Recent studies showed that IL-10
also acted on connectivetissue cellssuch asfibroblasts, inducing,
for instance, transcriptiona inhibition of the expression of type
| collagen, whichisthemajor component of extracellular matrix®2.
IL-10 also possesses antifibrogenic properties by down-
regulating profibrogenic cytokineslike TGF-3; and TNF-a%54,
Our previous studies indicated that IL-10 could produce
antifibrogenesis effect on CCl,-induced rat hepatic fibrosis. In
this study, we found that IL-10 down-regulated expression of
MMP-2 and TIMP-1in rat fibrotic liver, possibly another way
that IL-10 exertsits effect of antifibrogenesis. In our previous
study, PDGF was found to markedly promote the contraction
and proliferation of HSCs and expressions of collagen type |
and |11 as well as TGF-f3, in HSCs, which was significantly
inhibited by IL-10%. But results of the present experiment
showed that at the dose of 20 ng/mL, IL-10 did not inhibit
TIMP-1 and MMP-2 expressions in PDGF-treated HSCs,
indicating that the inhibitory effects of 1L-10 on HSCs may not
involve TIMP-1 and MMP-2.

In summary, the present study demonstrates that positive
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expressions of MMP-2 and TIMP-1 inrat liver tissue increase
with the development of hepatic fibrosis, and MMP-2 and
TIMP-1 play an important role during the development of liver
fibrosis. Exogenous I L-10 decreases the expression of MMP-2
and TIMP-1in liver tissues. PDGF increases the expression of
TIMP-1in HSCs, possibly through promoting HSC proliferation
and activation, and this effect is not inhibited by IL-10.
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Abstract

AIM: To investigate the protective effect of ischemic
preconditioning (IPC) on hepatocellular carcinoma (HCC)
patients with cirrhosis undergoing hepatic resection under
hepatic inflow occlusion (HIO) and its possible mechanism.

METHODS: Twenty-nine consecutive patients with resectable
OHCC were randomized into two groups: IPC group: before
HIO, IPC with 5 min of ischemia and 5 min of reperfusion
was given; control group: no IPC was given. Liver functions,
hepatic Caspase-3 activity, and apoptotic cells were compared
between these two groups.

RESULTS: On postoperative days (POD) 1, 3 and 7, the
aspartate transaminase (AST) and alanine transaminase
(ALT) levels in the IPC group were significantly lower than
those in the control group (P<0.05). On POD 3 and 7, the
total bilirubin level in the IPC group was significantly lower
than that in the control group (P<0.05). On POD 1, the
albumin level in the IPC group was higher than that in the
control group (P = 0.053). After 1 h of reperfusion, both
hepatic Caspase-3 activity and apoptotic sinusoidal endothelial
cells in the IPC group were significantly lower than those
in the control group (P<0.05).

CONCLUSION: IPC has a potential protective effect on
HCC patients with cirrhosis. Its protective mechanism
underlying the suppression of sinusoidal endothelial cell
apoptosis is achieved by inhibiting Caspase-3 activity.
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Gastroentero/ 2004; 10(17): 2580-2584
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INTRODUCTION

Hepatic inflow occlusion (HIO), also cdled Pringle smaneuver™,
isan effective and simple technique to control blood loss from
the raw surface during hepatic parechymal transaction, and

has been widely used during hepatectomy. However, HIO could
asoresultinhepaticischemic- reperfusion (I/R) injury, especialy
in case of cirrhosis. It is generally accepted that cirrhotic liver
isparticular sensitive to ischemia. Although warm ischemiafor
cirrhotic liver should not exceed 30 min', prolonged HIO might
cause dysfunction of the remnant liver, which wasamajor risk
factor associated with postoperative morbidity and mortality®.
Therefore, therapeutic modalitiesto ameliorate thisinjury are
critically important in liver surgery.

Ischemic preconditioning (1PC), defined as giving a short
period of ischemiaand reperfusion and subsequently sustaining
aprolonged ischemic insult, wasfirst described by Murry et al 14
in 1986, and then this protective phenomenon was found in
various visceral organs including the liver?,

However, up to now, the data of |PC available were most
focused on anima models. Recently, Clavien et al.!?. reported
thefirst clinical trial, suggesting abeneficia effect of IPC during
major hepatectomy on patients who were subjected to 30 min
of ischemia. But therewas no cirrhotic casein Clavien’ s series.
In Chinaand other Asiaareas, more than 80% of hepatocellular
carcinoma (HCC) patients had underlying cirrhosis or hepatitis
dueto hepatitis B virusinfection™. Whether | PC hasthe similar
protective effect on I/R injury encountered in hepatectomy for
cirrhotic liver isunclear. Hence, we conducted this prospective
randomized clinical tria on cirrhotic HCC patientsto test whether
IPC could protect cirrhotic liver against I/R injury during tumor
resection under HIO, and to explore its possible protective
mechanism.

MATERIALS AND METHODS

Patients

Fifty-six consecutive patients with HCC were treated at the
Department of Hepatobiliary Surgery, the First Affiliated
Hospital of Sun Yat-Sen University between January 1, 2001
and April 30, 2001. Among them, 29 patients whose tumors
were considered to beresectable after preoperativeinvestigations,
including liver function tests, liver function reserve (ord glucose
tolerancetest, OGTT)™2, abdominal ultrasound, CT assessment
and laporotomy, were recruited in this study. The resectable
criteriawe used were asfollowings. (1) The general condition
of the patients was good and they could tolerate hepatectomy.
(2) The tumor did not extend beyond half of the liver and had
no distant metastasis. (3) Liver function belonged to Child A or
B and liver function reserve was type P, or P, according to
OGTT, which isatest widely used to evaluate liver function
reservel’?, Briefly, patients were fasted overnight, and the fast
blood glucose (FBS) was measured next morning, then 75 g of
glucose diluted in pure water was given to the patients orally.
One and 2 h after glucose solution was drunk, blood glucose
concentration (BGC) was measured respectively. If BGC efter 2h
was gill higher than that after 1 h, it wasthelinear type (L type).
If BGC after 2 h was between the FBS and that after 1 h, it was
the parabolic type 2 (P, type). If BGC after 2 h was|ower than
7.3 umol/L, it was parabolic type 1 (P, type). P; typeindicated
the best liver function reserve, and patients could tolerate right
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or left hepatectomy. P, typewasmoderate, and patientscould tolerate
segmentectomy or irregular hepatectomy. L typeindicated the poor
liver function reserve, and patients could only tolerate loca tumor
resection. The other 27 unresectable cases were excluded.

Then 29 resectabl e cases were randomized into |PC group
(n = 14) and control group groups (n = 15) by permuted block
without stratification. Our previous study indicated that 1PC
with 5 min of ischemiaand 5 min of reperfusion produced the
best protection on cirrhotic rat liver I/R model™. Therefore,
IPC with these time intervals was applied in these patients.
Prior toliver parenchymal transection under HIO, IPC with5 min
of ischemiaand 5 min of reperfusion was conducted in the IPC
group. No IPC was given prior to liver parenchymal transection
performed under HIO in the control group.

This protocol was performed under the consent of patients
approved by the Ethical Committee of Sun Yat-sen University.

Procedures and biopsy

Generd anesthesiawas performed. Bilateral subcoastal incision
was made. A further abdominal exploration was conducted to
exclude intra-abdomina metastasis. After mobilization of the
liver prior to parenchymal transection, HIO was achieved by
clamping the portal pedicles using atourniquet. Blood inflow
was initiated when hemostasis was achieved after removal of
the tumor. The procedures available in these patients included
irregular hepatectomy, segmentectomy and right/left
hepatectomy according to the tumor’s location and liver
function tests. Liver parenchymawas transected by diathermy
and crushing hepatic tissue with an artery forceps. Tubular
structures on the raw surface were divided and ligated. All
hepatectomies were finished within one time of HIO in our
series, and the time of HIO not including the ischemic phase of
IPC in the IPC group were recorded. I ntraoperative blood loss
was accurately calculated from the suction bottles and surgical
pads. No cell saver was used in our series. BeforeHIOand 1 h
after reperfusion, asmall piece of liver tissue was harvested by
wedge resection in remnant liver. The procedures were
performed by the same surgical team.

Liver function test

Peripheral blood was sampled before operation and on
postoperativedays(POD) 1, 3, 7. Aspartatetransaminase (AST),
alanine transaminase (ALT), total bilirubin (TBIL), albumin
(ALB) were measured using an auto biochemical analyzer
(HITACHI 7 170A, Japan).

Hepatic Caspase-3 activity assay

Caspase-3 activity was quantified by proteolytic cleavage of
thefluorogeni c substrate 7-amino-4-trifluoro-methyl coumarin-
conjugated Asp-Glu-Val-Asp tetrapeptide (AMC-DEV D)1,
Briefly, fresh liver tissue (20 mg) was homogenized in alysis
buffer at 4 °C. After 4 times of freezing and thawing, lysates
were centrifuged at 15 000 g for 10 min, supernatants were
collected. Then Caspase-3 activity was measured using a
fluorescence spectrophotometer (HITACHI F-3 010, Japan) and
a Caspase-3 fluorescenic kit (Sigma Co. USA) according to the
manufacturer’s instructions. Capase-3 activity was expressed
asnmol AMC release per hour per mg liver tissue.

TUNEL assay

Apoptosis was detected by terminal deoxynucleotieyl mediated
nick endlabeling (TUNEL ) assay!™™. Paraffin-embedded liver tissue
was cut into 5-pm thick sections. After deparaffinized in series of
acohol solutions aTUNEL kit (Boehinger Mannheim Co. Germany)
was used according to the manufacturer’ s protocols. Five high
power fields (x400) were sdected randomly in each specimen, for
which apoptotic cells were calculated by a pathol ogist.

Statistical analysis

Dataare expressed asmean+SD. Meanswere compared between
these two groups by t test (continuous data) or chi-square test
(categorical data). P value less than 0.05 was considered
statistically significant.

RESULTS

Clinical characteristics of these two groups

The clinical characteristics (Table 1) including age, gender,
Child’s classification, tumor size, operation procedure,
operationtime, liver ischemictimeand blood |osswere compared
between these two groups, and there was no statistical
significance, indicating that the characteristics of the two
groups were homogeneous and comparable.

Table 1 clinical characteristics of these two groups

Data IPC group  control group P value
Age (yr) 50.4+10.7 49.5+10.3 0.605
Gendelr 0.684
Male 12 12

Female 2 3

Child’s classification 0.684
Grade A 12 12

Grade B 2 3

Grade C 0

OGTT 0.867
P, type

P, type

L type

Cirrhosis* 0.316
(+) 13 12

) 1 3

Tumor size (cm) 7.1+3.6 7.9+2.9 0.544
Procedures 0.971
Right/left hepatectomy 2 2
Segmentectomy 4 4

Irregular hepatectmoy 8 9

Operation times (min) 191.3+74.9 208.2+45.3 0.485
Ischemic times (min) 18.0+3.6 17.4%2.3 0.602
(Range) (15-25) 13-22)

Blood loss (mL) 469.24292.6  602.0+310.6 0.257

!Cirrhosis: (+) referrs to macroscopic cirrhosis, which was
diagnosed during surgery, (-) referrs to that we could not
diagnose cirrhosis during surgery by naked eyes, however, it
was diagnosed mild cirrhosis and hepatitis by microscopic
pathology. The etiology of cirrhosis was hepatitis B virus
infection in our series.

IPC protected cirrhotic liver from I/R injury

Serum AST and ALT levelswere sensitive parametersto assess
the severity of liver injury. As shown in Table 2, on
postoperatived 1, 3, 7, the AST and ALT levelsin the IPC
group were significantly lower than those in the control group
(P<0.05). On postoperatived 3, 7, the TBIL levelsin the IPC
group were also lower than those in the control group (P<0.05).
On postoperative d 1, the ALB level in the IPC group was
higher than that in the control group, but it did not reach
statistical significance. These data suggest that 1PC could
effectively protect cirrhoticliver fromI/Rinjury. I/Rinjury could
inhibit albumin synthesis, however |PC could ameliorate this
abumin-synthesisinhibition.
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Table 2 Comparison of liver functions between two groups before and after operation

AST (U/L) ALT (U/L) TBIL (umol/L) ALB (g/L)
pate Control IPC Control IPC Control IPC Control IPC
Preop 64.7+39.2 60.1+55.4 56.7+£53.9 54.8+45.0 22.6+13.1 18.9+7.4 41.2+5.6 40.6%£3.7
POD1 1856.4+310.9 433.8+143.8° 802.9+280.1  430.9+£179.4° 33.1+23.9 26.7+10.3 32.9+4.6 36.2+3.9
POD 3 409.6+197.4 156.7+52.5° 417.3+162.6 200.9+88.6° 49.1+35.4 25.9+9.22
POD 7 85.3+45.5 56.5+18.92 130.1+49.0 89.9+42.82 39.7+£29.3 22.8+8.0%

Note: preop = preoperation. P<0.05, vs control (independent t test): °P<0.01, vs control (independent t test).

Postoperative mortality, morbidity and hospitalized days
There was ho operative and hospital mortality in both groups.
The common postoperative morbidity was pleural effusion
and liver failure. Pleural effusion was confirmed by chest
X-ray. Postoperative liver failure was defined as the total
bilirubin was higher than 2 times of its normal level, and
massive ascites occurred. Pleural effusion occurredin 2 cases
(14.3%) of the IPC group, and in 5 cases (33.3%) of the control
group (P = 0.390), who needed repeated pleural tapping. No
in the IPC group was complicated with liver failure after
surgery. However, liver failure occurred in 3 cases of the
control group after operation. These 3 patients recovered after
conservative treatment. Other postoperative complications
including subphrenic collection were found in 2 cases of the
control group, who were treated by fine needle aspiration
guided by ultrasound. Bile leakage from the transection
surfacewas found in 1 case of the |PC group, who was cured
by local drainage. No wound infection occurred in both
groups. The mean hospitalized time of the |PC group was 12.8 d,
which was significantly shorter than that of the control group
(12.8+3.1dvs18.6+9.1d, P=0.034).
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Figure 1 Comparison of Caspase-3 activity and SEC
apoptosis between control group and IPC group 2P = 0.047,
vs control, °P = 0.002, vs control, (t test) (casapse-3 activity
unit: nmol AMC: h**. mg™ (tissue)) hpf: high power field.
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Effect of IPC on Caspase-3 activity and apoptosis
Toinvedtigate the effect of |PC on Cagpase-3 activity and gpoptos's,
5 casesin each group were selected prospectively, whose hepatic
Caspase-3 activity and apoptotic cellswere detected respectively.
One hour after reperfusion, the hepatic Caspase-3 activity in
the IPC group was significantly lower than that in the control
group (P<0.05), and subsequently, the apoptotic sinusoidal
endothelial cells (SECs) in the IPC group were also less than
those in the control group (P<0.05) (Figures 1, 2). Only few
hepatocytes underwent apoptosis in the control group in this
checking time point (Figure 2). These data indicated that IPC
inhibited Caspase-3 activity and subsequently SEC apoptosis
inthe remnant liver.

DISCUSSION

Hemmorrhageisthemajor lethal factor during hepatic resection.
Hemostasis can be achieved by HIO or total vascular occlusion.
The latter nevertheless was the safe choice for patients whose
tumor involved major hepatic veins and inferior vena cava®.
But clinically, the vast majority of liver resections do not need
this method for its detrimental effect of systemic circulation
disturbance. HIO or Pringle's maneuver, which has the |least
hemodynamic effect, has been widely used in liver surgery*”.
However, HIO could also result inliver I/R injury, whichisone
of the mgjor factors leading to postoperative liver dysfunction.
Cirrhotic liver is very vulnerable to ischemic injury. Though
warmischemiafor cirrhotic liver should not exceed 30 min, and
the majority of liver resections could be finished within this
limit interval by using diathermy and crushing hepatic tissue
with an artery forceps, the del eterious effect of ischemia could
not beneglected. Inorder tominimizeliver I/Rinjury, intermittent
hepatic inflow occlusion (iHIO) has been used in HCC
resection!*®19, However, massive bleeding might result from
iHIO during reperfusion interval, which might increase blood
transfusion and the possibility of postoperative morbidity and
tumor recurrence?.

Our results demonstrated that HIO could cause massive
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Figure 2 Typical features of apoptosis after 1 h of reperfusion (TUNEL assay, x200). Bold arrows show the SEC apoptosis and the
black arrows indicate scanty of hepatocyte apoptosis. A: IPC group, B: control group.
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liver injury and inhibit albumin synthesisin cirrhotic patients.
However, IPC could significantly protect cirrhotic liver fromI/R
injury during hepatic resection under hepatic inflow occlusion
in cirrhotic HCC patients. These were represented by a
dramatically decrease in postoperative AST, ALT and TBIL
levels; arelatively higher serum albumin level; an uneventful
postoperative course and arelatively short hospital stay in the
IPC group.

IPC is asimple procedure, which can produce dramatic
protective effect on I/R injury. However, itsclinica application
israre.

The protective mechanism of 1PC hasnot been fully understood.
Intrinsic nitric oxide (NO) synthesis, adenosine release*® and
decreasing leukocyte/endothelial cell interactiond? have been
reported to be the protective mechanismsunderlying I/R injury.

Apoptosis, or programmed cell death, which is a distinct
form of cell death from necrosis, has been documented to be a
pivotal mechanism responsible for I/R injury encountered in
liver surgery and liver graft preservation'??!, However, this
cd| pathology was challenged by other authors, who documented
that cell necrosiswasthe major cell deathinrat liver I/R model
subjected to 60 or 120 min of ischemia?!. Jaeschke et al.[?",
believed that both apoptosis and necrosis occurred in liver I/R.
Actually, in our previouscirrhotic rat liver I/R model, we used
H&E staining, TUNEL assay and electron microscope to
investigate the cellular pathology, and found that there was no
obvious necrosis but massive hepatocyte apoptosis mediated
by Fas apoptotic pathway subjected to 30 min of liver ischemia
and 6 h of reperfusion(?d, This discrepancy might be dueto the
different time of ischemia and reperfusion used in each
experiment.

Inthisclinicdl trid, wefound that themgjor cell typeundergoing
apoptosis in the control group was SECs subjected to 1 h of
reperfusion, only afew apoptotic hepatocytes were found at
this checking time point. However, in our previous animal
model?¥, after 6 h of reperfusion, massive apoptotic hepatocytes
were seen, indicating that the cell type undegoing apoptosis
might be time dependent. In the rat liver cell apoptosis model
induced by intraperitoneal injection of Fas antibody!*! and
liver graft cold I/R model®!, 1 h after antibody administration
or reperfusion, SEC gpoptos swas predominant. However, 2to6 h
after antibody administration or rerperfusion, hepatocytes were
the major cell type underging apoptosis. Though we did not
check apoptosis after 6 h of reperfusionin thisclinicd trail, we
believed that during this period of time, hepatocytes might
undergo apoptosis predominantly, thus subsequently resulting
inliver injury and clinical manifestations.

Asto the cellular mechanism of |PC related to apoptosis,
Yadav et al.*. reported that the protective mechanism of IPC
underlying hepatocyte and SEC apoptosis was achieved by
inhibiting Caspase-3. It has been found that caspase-3 is a
cysteine specific protease, an “executor” leading to DNA
fragmentation in apoptotic signal cascaded®!. We demonstrated
that |PC could protect cirrhotic liver from I/Rinjury by inhibiting
hepatocyte and SEC apoptosis through down-regulation of
Fas expression and suppression of Caspase-3 activity in cirrhotic
rat liver I/R model®3, In this study, we demonstrated again that
the protective mechanism of IPC against liver I/R injury in
cirrhotic patientswas achieved by inhibiting Caspase-3 activity
and subsequently apoptosis.

Why IPC down-regulates Caspase-3 activity is still under
investigation. IPC could result ininhibition of intringc NO synthesis
Invitro and in vivo studies indicated that NO could inhibit
Capase-3 by S-nitrosation in Cys-163 residue of Caspase-31°2.

In conclusion, IPC can protect potentially cirrhotic liver
against I/R injury when hepatic resection is performed under
hepatic inflow occlusion in HCC patients with cirrhosis. Its
protective mechanism underlying SEC apoptosisis achieved

by inhibiting caspase-3 activity. IPC isasimple procedure with
apotential protective effect, and it isrecommended for clinical
application.
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Abstract

AIM: To evaluate the major clinical symptom, etiology, and
diagnostic method in patients with primary small intestinal
disease in order to improve the diagnosis.

METHODS: A total of 309 cases with primary small intestinal
disease were reviewed, and the major clinical symptoms,
etiology, and diagnostic methods were analyzed.

RESULTS: The major clinical symptoms included abdominal
pain (71%), abdominal mass (14%), vomiting (10%),
melaena (10%), and fever (9%). The most common disease
were malignant tumor (40%). diverticulum (32%) and benign
tumor (10%). Duodenal disease was involved in 36% of the
patients with primary small intestinal diseases. The diagnostic
rate for primary small intestinal diseases by double-contrast
enteroclysis was 85.6%.

CONCLUSION: Abdominal pain is the most common clinical
symptom in patients with primary small intestinal disease.
Malignant tumors are the most common diseases. Duodenum
was the most common part involved in small intestine.
Double-contrast enteroclysis was still the simplest and the
most available examination method in diagnosis of primary
small intestinal disease. However, more practical diagnostic
method should be explored to improve the diagnostic accuracy.

Zhan ], Xia ZS, Zhong YQ, Zhang SN, Wang LY, Shu H, Zhu ZH.
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INTRODUCTION

Clinically, primary small intestinal diseaseis relatively rare.
Accounting for only 1-4% of digestive diseases?. In spite of
the development of techniquesin endoscopy and theinnovation
of equipments, such as capsule endoscopy'?® and double-
balloon push enteroscopy!“®, diagnosis of primary small
intestinal diseaseistill difficult. For example, uncontrollability
in the movement of endoscopic capsule, the influence of fluid
inside gastrointestinal tract, poor discrimination in images and
unavailability of biopsy decrease the practicability of capsule
endoscopy inclinical practice!®. Theoretically, thereisno blind
region in total small intestine for double-balloon push
enteroscopy, as the new instrument has been put into practice
recently. However, it isalmost impossible for double-balloon

push enteroscopy to search all small intestines through either
mouth or anus. Furthermore, double-balloon push enteroscopy
has other limitations, such as long time of examination and
patients' prolonged endurance”. Therefore, the diagnosis of
primary small intestinal disease is still difficult. In this study,
by clinical analysis of 309 cases of patients with primary small
intestinal disease, we aimed to investigate clinical symptoms,
etiology, and diagnostic methods in primary small intestinal
disease in order to increase the knowledge in primary small
intestinal disease and improve the diagnosis.

MATERIALS AND METHODS

Criteria for selected patients

All selected patients had clinical symptoms or signs of the
digestive system. The diagnosis of small intestinal disease was
confirmed by means of laparotomy, pathology and other
examinations. Primary small intestinal disease included
duodenal disease, jejunal disease and ileal disease. However,
duodenal bulb ulcer was not included. Secondary small
intestinal diseases were also excluded.

Method of analysis

A total of 309 caseswith primary small intestinal disease were
reviewed, and the major clinical symptoms, etiology, and
diagnostic methods were analyzed.

RESULTS

From January 1976 to July 2003, 309 cases with primary small
intestinal disease were collected. Among them, there were
167 males, 142 females, with age ranging from 2 to 87 years
old, and an average age of 51.2 years.

Among the 309 cases, 216 cases were confirmed by surgica
operations, 53 by double-contrast enteroclysis, 24 by gastric
endoscopy or enteroscopy and biopsy and 16 by acombination
of clinical and other examinations. Among the 216 cases with
surgical operations, diagnosis could not be definitely made in
142 cases until laparotomy was performed. Lesionswere found
in 89 of 104 cases examined by double-contrast enteroclysis,
giving a positive rate of 85.6%. The major clinical symptoms
were abdominal pain, abdominal mass, vomiting, melaena,
fever, hematocheziaand diarrhea. Some cases had two or more
symptoms (Table 1). The most common diseases were
malignant tumor (40%), diverticulum (32%) and benign tumor
(10%). Duodenal disease was involved in 36% of the patients
with primary small intestinal diseases. The distribution of the
major diseases of 309 casesislisted in Table 2.

Table 1 Major clinical symptoms of 309 cases with primary
small intestinal disease

Symptom n (%) Symptom n (%)
Abdominal pain 218 (71) Hematochezia 19 (6)
Abdominal mass 44 (14) Diarrhea 14 (5)
Vomiting 32 (10) Jaundice 13 (4)
Melaena 30 (10) Haematemesis 3 (1)
Fever 27 (9) Others 8 (3)
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Table 2 Distribution of major diseases in 309 cases with primary
small intestinal disease

Disease n (%)
Small intestinal diverticulum 100 (32)
Small intestinal adenocarcinoma 35(11)
Small intestinal leiomyosarcoma 34 (11)
Small intestinal lymphoma 29 (9)
Crohn’s disease 15 (5)
Small intestinal leiomyomas 13 (4)
Hemorrhagic necrotizing enteritis 13 (4)
Ampullar carcinoma 11 (4)
Small intestinal malignant mesenchymoma 11 (4)
Small intestinal polyp 10 (3)
Small intestinal twist 8(3)
Small intestine multiple perforation 4 (1)
Terminal ileal ulcer 3()
Small intestinal cavernous hemangioma 2(1)
Small intestinal malabsorption syndrome 2(1)
Small intestinal internal hernia 2(1)
Small intestinal fistula 2(1)
Others! 15(5)

YIncluding jejunal malignant melanoma, jejunal malignant
angioendothelioma, ileal liposarcoma, small intestinal malig-
nant reticulosis, small intestinal fibrosarcoma, jejunal lipoma,
jejunal fibroma, jejunal neurofibroma, ileal neurilemmoma,
small intestinal benign mesenchymaloma, small intestinal
teratoma, small intestinal inflammatory pseudotumor, termi-
nal ilealitis, eosinophilic enteritis and idiopathic small intesti-
nal obstruction which had 1 case respectively.

DISCUSSION

Distribution of major diseases in patients with primary small
intestinal disease

In this study, 216 (70%) of 309 cases were diagnosed as
having primary small intestinal disease by a combination
of surgical operations and pathology. In addition, 24 of 309
cases were diagnosed by a combination of gastric endoscopy
or enteroscopy and biopsy. Therefore, atotal of 240 (78%)
cases were diagnosed by pathology. Based on the analysis
of the characteristics of the diseases, we found that malignant
tumor was the most common disease in primary small
intestinal disease. Overall, 125 patients had malignant tumors,
35 (11%) with adenocarcinoma, 34 (11%) with el omyosarcoma,
29 (9%) with small intestinal lymphoma, and 11 (4) with
ampullar carcinoma. These patients accounted for 40% of
the cases with primary small intestinal disease. There were
only 32 (10%) caseswith small intestinal benign tumor, mainly
including 13 (4%) cases of small intestinal leiomyomas, and
10 (3%) with small intestinal polyps. The ratio of small
intestinal benign over malignant tumors was almost 1:4 (32:
125), which indicates that most of small intestinal neoplasms
are malignant, and thus small intestinal malignant tumors
contribute significantly to small intestinal disease. This
finding is consistent with previous domestic reports by Liu
et al.l® and Shi et al.[¥, but different from the overseareports
that small intestinal benign tumor is more common than small
intestinal malignant tumort®, Our observations suggest that
malignant tumors should be considered if small intestinal
disease is under consideration, and further examinations
should be taken as soon as possible to assure or exclude small
intestinal malignant tumor. In this way, patients with small
intestinal malignant tumor would receive optimum
management through the early diagnosis and early treatment
strategy, and thus prognosis would be significantly improved.

Among the 309 cases, 100 had small intestinal diverticulum,
which contributed to 32% of cases and was the second common
diagnosisin small intestinal disease. Among patientswith small
intestinal diverticulum, 72 (72%) had duodenal diverticulum,
and 28 (28%) had jejunal or/and ileal diverticulum, which
indicates that duodenal diverticulum is much more common
than jejunal or/and ileal diverticulum. The data suggest that
more attention should be paid to duodenal diverticulum,
especially diverticulum of descending part of duodenum
because diverticulum in this siteis not only common but also
detectable easily by gastric endoscopy or barium meal
examination.

In addition, 84 cases had other small intestinal benign
disease, which contributed to 27% of patients with small
intestinal diseases, mainly including 32 (10%) with small
intestinal benign tumor, 15 (5%) with Crohn’sdisease, 13 (4%)
with hemorrhagic necrotizing enteritis and 8 (3%) with small
intestinal twist. These dataindicate that small intestinal benign
tumor isthe most common disease among small intestinal non-
diverticular benign disease. It is also noticed that 111 cases
with duodenal diseases contributed to 36% of the 309 patients
with primary small intestinal disease. There were 72 caseswith
diverticulum accounting for 65% of patients with duodenal
disease, 37 with malignant tumor accounting for 33% of
patients with duodenal disease, and 2 with duodenal polyps.
Since the human small intestine is 5 to 6 meters long, and
duodenum is only 0.25 meter long, which is not longer than
1/20 of full length of small intestine. However, more than one
third of small intestinal diseases were duodenal diseases.
Therefore, duodenum is the most common part involved in
small intestinal disease, and specia attentions should be paid
to duodenal disease, especially between descending part and
ascending part of duodenum when small intestinal disease is
under consideration, because duodenum is not only commonly
involved but also shallow enough to be easily detected by
gastric endoscopy or a barium meal examination without need
for other complex examinations.

Major clinical symptoms in patients with primary small
intestinal disease

Clinical symptoms of primary small intestinal diseasein this
study included abdominal pain, abdominal mass, vomiting,
melaena, fever, hematochezia, diarrhea, jaundice, haematemesis,
marasmus, abdominal distension, and congtipation. Among these
symptoms, abdominal pain was the most common clinical
symptom as 218 cases had abdominal pain, which contributed
to 71% of caseswith primary small intestinal disease. The site
of abdominal pain was mainly located around the navel. The
second common symptom was abdominal mass. Altogether
44 cases had abdomina mass, which contributed to 14% of
caseswith primary small intestinal disease. The other common
symptomswere vomiting, melaenaand fever. Fever was caused
mostly by small intestinal lymphoma and hemorrhagic
necrotizing enteritis. However, hematochezia, diarrheg, jaundice,
haematemesis were less common. Hematochezia was often
characterized by dark-red stool and negative findings by
enteroscopy. Haematemesis was a rare symptom, but if it
occurred, then the volume of bleeding would be enormous.
Therefore, thesymptomsof patientswith primary smal intestinal
disease are lacking of specificity asthese symptoms may occur
in patients with upper digestive disease and colon disease. So
small intestinal disease could not be diagnosed only by
symptoms, which isalso one of the reasonsfor the difficulty in
thediagnosisof primary small intestind disease. However, when
patients had above mentioned symptoms, especialy melaena,
hematochezia, haematemesis and enteremphraxis, but no
positive findings were found by gastric endoscopy and
enteroscopy at the same time, further examinations should be
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given to patients to verify or exclude small intestinal disease.
These examinations include double-contrast enteroclysis,
selective arteriography, small intestinal endoscopy, capsule
endoscopy, and double-balloon push enteroscopy.

Examinations methods for the diagnosis of primary small
intestinal disease

In spite of so many examination methods, how to select
appropriate examinations is a question to be often asked in
clinical work. We found that some patients were finally
definitely diagnosed as having primary small intestinal disease
through almost al the examinations, which not only put heavy
economical burden on patients, but also increased suffering of
patients, and especially delayed the diagnosis of disease.
However, if an examination was correctly selected, the
diagnosis could be easily achieved. Capsule endoscopy is
nontraumatic method for the examination of small intestinal
disease, however, uncontrollability in movement of capsule
endoscopy, poor discrimination in images and unavailability
of biopsy, expensive price, and time-consuming decrease the
practicability of thismethod in clinical practice. The traditional
enteroscopy can only observe the digestive tract 1 meter above
jelunumto Treitz ligament dueto itself limitation, which means
that most of small intestinal could not be diagnosed by the
traditional enteroscopy. Radiography includes selective
arteriography and double-contrast enteroclysis. Selective
arteriography is a useful examination for patients with main
clinical symptoms of melaena, hematochezia or haematemesis.
The diagnosis rate of selective arteriography is increased
especially when a patient is bleeding!*¥. Otherwise, double-
contrast enteroclysisisavery valuable examination for patients
with main clinical symptoms of abdominal pain, abdominal
mass, vomiting, or diarrhea. In this study, among the 309 cases
with primary small intestinal disease, 104 cases were examined
by double-contrast enteroclysis, and 89 caseswerefound lesion
in small intestine, with a positive rate of 85.6%, which was
similar to report by Wang et al [*2. This positive rate is
significantly higher than that (70%) reported by Zhan et al,
based on the hospitalized patientsin our hospital before 19971,
The improvement of diagnosis accuracy may be related to the
better choice made by doctors for examinations, theimproved
experience of examiners and more attention paid to small
intestinal disease over the past 6 years. Unfortunately, only
one third of cases with primary small intestinal disease were
examined by double-contrast enteroclysisin this study. The
reasons for this included unawareness of double-contrast
enteroclysisby physicians, emergency that did not allow patient
for double-contrast enteroclysis but for laparotomy and
situations that patients had a complete or incomplete intestinal
obstruction. In fact, patients with incomplete intestinal
obstruction can be examined by double-contrast enteroclysis
with meglucamine diatrizoate instead of barium by placing a
tube into duodenum during gastric endoscopy, which could
not only increase the diagnosisrate, but also be more available
and safer for patients’¥. Because some endoscopic capsules
can not move out of body in some patients until laparotomy
was performed, it is suggested that double-contrast enteroclysis
should be performed before capsule endoscopy. By thisway,
doctors not only obtain primary knowledge if thereis a matter

with patient, but also obtain the information of the intestinal
movement, which would help determine whether capsule
endoscopy is suitable for the patient and thus avoid the
situation which endoscopic capsule can not naturally move
out of the body!®. Double-balloon push enteroscopy has been
applied recently to provide a powerful tool for diagnosis of
small intestinal disease. Therefore, wewould draw aconclusion
from what mentioned above that as atraditional nontraumatic
or microtraumatic examination, double-contrast enteroclysishas
advantages in simplicity and availability, little torment, high
diagnosisaccuracy and low price. Therefore, at present, double-
contrast enteroclysis still plays an important role in diagnosis
of small intestinal disease. We are hoping that double-balloon
push enteroscopy and other newer and more practical
examinations could aid in diagnosis of small intestinal disease
with the development of technology in endoscopy and general
use of endoscopic equipment.
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Abstract

AIM: To determine the effects of total parenteral nutrition
and somatostatin on patients with chylous ascites.

METHODS: Five patients were diagnosed with chylous
ascites on the basis of laboratory findings of ascites sample
from Nov 1999 to May 2003. Total parenteral nutrition and
somatostatin or its analogue was administered to 4 patients,
while the other one only received total parenteral nutrition.
All the patients had persistent peritoneal drainage, with
the quantity and quality of drainage fluid observed daily.
Necessary supportive treatments were given to the patients
individually during the therapy.

RESULTS: Two of 4 patients who received somatostatin
therapy obtained complete recovery within 10 d without
any recurrence while on a normal diet. In these 2 patients,
the peritoneal drainage reduced to zero in one and the other’s
decreased from 2 000 mL to 80 mL with a clear appearance
and negative qualitative analysis of chyle. Recurrent chylous
ascites, though relieved effectively by the same method
every time, developed in one patient with advanced pancreatic
cancer. The other patient’s lymphatic fistula was blocked
with the fibrin glue after conservative treatment. The patient
who only received total parenteral nutrition was cured 24 d
after therapy.

CONCLUSION: Total parenteral nutrition along with
somatostatin can relieve the symptoms and close the fistula
in patients with chylous ascites rapidly. It appears to be an
effective therapy available for the treatment of chylous
ascites caused by various disorders.
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http://www.wjgnet.com/1007-9327/10/2588.asp

INTRODUCTION

Chylous ascites, an uncommon disease usually caused by
obstruction or rupture of the peritoneal or retroperitoneal
lymphatic glands, is defined as the accumulation of chylein
the peritoneal cavity!¥. It isadifficult disorder dueto the serious
mechanical, nutritional and immunological consequences of
the constant loss of protein and lymphocytes?. Morton’'s
dramatic and detailed account in 1694 of a 2-year-old boy with
tuberculosis who died of chylous ascites was the first clear
report of chyloperitoneum.

Many pathological conditions can result in this disease,
including congenital defects of thelymphatic system, nonspecific
bacterial, parasitic and tuberculous peritoneal infection, liver
cirrhosis, malignant neoplasm, blunt abdominal trauma and
surgical injury™. Over al, the most common causein adultsis
believed to be abdominal malignancy, while congenital
lymphatic abnormalities in pediatric population. Press et al.
reported an incidence of 1 per 20 464 admissions at the
Massachusetts General Hospital during a20-year period®. They
found, however, a1 per 11 589 incidence in the last years of
their study. Most investigators believe that the incidence of
chylous ascites is increasing because of more aggressive
thoracic and retroperitoneal surgery and with the prolonged
survival of patientswith cancer*®, Some new techniques, such
as laparoscopic surgery and transplantation, also lead to
postoperative chylous ascites®*, Kaas et al. found that 12 (7.4%)
of 163 patients with complex surgical procedures devel oped
chylous ascites*?.

Though the incidence of chylous ascites has increased in
recent years, thetreatment remains unsati sfactory in some cases
because of prolonged duration of disease. Conservative
treatment of chylous ascites, recommended in most patients,
involves paracentesis, amedium chaintriglyceride (MCT) based
diet, total parenteral nutrition (TPN), recently used somatostatin
and so on. Surgery is only recommended when conservative
treatment faild2. In areview of 156 patientswith chylous ascites
resolved after intervention, 51 patientswere successfully treated
surgically; 105 patients were treated conservativel y!*®, Usually
the MCT based diet is the first choice, TPN is recommended
after dietary manipulation hasfailed, and somatostatin therapy
is attempted only if chylous ascites has been refractory to all
conservative measures. It will take several weeksto 2 mo to
closethelymphatic fistulaadequately with routine conservative
regimeng®d,

Herewereport on our successful use of persistent peritoneal
drainage, TPN aswell as somatostatin in treatment of 5 cases
of chylous ascites.

MATERIALS AND METHODS

Five adult patients with chylous ascites were admitted to our
hospital from November 1999 to May 2003. On admission,
computerized tomography (CT) examination was performed to
revesal the etiology, and the diagnosi swas confirmed by analyzing
the cloudy ascitesfluid obtained through paracentesis or peritonedl
drainage. Table 1 showsthe clinical features, CT findings and
laboratory findings of ascites samples from 5 patients.

As soon asthe diagnosis was confirmed, every patient was
put in fasting state and received fluid replenishment until
disturbance of water, electrolytes and acid-base was corrected.
A single lumen central venous catheter was inserted into the
peritoneal cavity for continuous drainage in 3 patients, while
peritoneal cavity drainage tubes inserted during the operation
were reserved in patient 4 and 5. The quality and quantity of
drainage fluid were monitored daily. Then TPN (non-protein
calorie 25 kcal/(kg-d), nitrogen 0.2-0.25 g/(kg-d), glucose: fat
ratio 6:4) via central vein was administered to patients at
gradually increasing dose. Somatostatin (Stilamin, Laboratoires
Serono S. A.) was administered to patient 2 and 4 through
continuous intravenous infusion at a dose of 3 mg per 12 h.
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Patient 3 and 5 received subcutaneous administration of the
somatostatin analogue, octreotide (Sandostatin, Novartis
Pharma AG), at adose from 100 pg to 200 pg 3 times daily.
Necessary supportive treatments, such as albumin, diuretics
and antibiotics, were given to the patients individually during
the therapy. In addition, patient 5 received abdominal cavity
and peripheral venous chemotherapy at the same time.

RESULTS

Figure 1 showsthe change of drainage volume, the duration of
TPN and somatostatin therapy of 5 patients. Oncethe peritoneal

drainage was zero (in patient 1 and 4) or was proved non-chylous
ascites (in patient 2 and 3), TPN and somatostatin dose would
diminish gradually along with the recovery of oral low fat diet.
Patient 3 and 4, who received somatostatin therapy, obtained
completerecovery within 10d, while patient 1 who only received
TPN was cured 24 d after therapy. The drainage of patient 3
decreased from 2 000 mL to 80 mL within 10 d with a clear
appearance and negative qualitative analysis of chyle, and the
volume remained unchanged when she received normal diet.
Then patient 3 was referred to department of gastroenterology
for further treatment of the established liver cirrhosis, which
caused the remaining ascites. All these 3 patients' drainage

Table 1 Clinical features, CT and laboratory findings for 5 patients with chylous ascites

Patient Agein Medical/

CT findings

Laboratory findings of ascites

yr/Sex Surgical condition Quialitative Leukocyte Total Cholesterol/
analysis of chyle count (/mm3)/ protein/ Triglyceride
Lymphocyte (%) Albumin (g/L) (mmol/L)
1 48/M Two wk after radical Large volume of ascites + 1 600/95 49.4/30.9 1.92/7.14
distal subtotal gastrectomy
for gastric cancer
2 50/M Five mo after Large volume of ascites, + 120/95 15.0/10.1 1.59/2.41
pancreaticoduodenectomy multiple metastases involving
for pancreatic cancer liver and lymph nodes
3 65/F Half a year after cure of the Large volume of ascites, + 560/50 23.2/14.2 2.11/5.68
tuberculous peritoneal infection  liver cirrhosis
4 50/F One wk after finding of 400 mL  Small volume of ascites + 190/88 52.8/32.0 0.67/3.01
milky fluid in pelvic cavity during in pelvic cavity
laparoscopy cholecystectomy
5 44/F 10 d after radical Small volume of fluid + 890/92 47.7/31.9 1.47/7.11
pelvic lymphadenectomy in pelvic cavity
for ovarian cancer
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Figure 1 Change of drainage volume and the duration of TPN and somatostatin therapy in 5 patients.+ The beginning and the end
of TPN, + the beginning and the end of somatostatin therapy, } the beginning of food intake, {blockage of the fistula. A: Patient 1
who only received TPN recovered fully after 24 d of therapy; B: Patient 2 suffered from repeated recurrence though the drainage
volume decreased from 2 000 mL to 100 mL within 11 d; C: Chylous ascites never recurred in patient 3 after the drainage volume
decreased to 80 mL within 10 d with negative qualitative analysis of chyle; D: Patient 4 recovered fully within 9 d; E: Chylous
fistula of patient 5 showed refractory to therapy and was sealed with fibrin glue.
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catheters were removed after they had normal diet for 3d. The
drainage volume of patient 5, though dropped from 600 mL to
200 mL within 10 d, remained unchanged for 11 d with positive
qualitative analysis of chyle. Then we successfully used fibrin
glue to block up the lymphatic fistula that was proved mature
with X-ray fistulography. CT follow-up examinations did not
reveal the presence of ascitic fluid. The nutritional status of
themwaswell maintai ned during therapy. Follow-up study found
no recurrence in these 4 patients while on normal diet after 6 mo.
Though the drainage decreased from 2 000 mL to 100 mL within
11 d and was proved non-chylous ascites, repeated recurrences
developed in patient 2 who died of advanced pancreatic cancer
3molater.

DISCUSSION

Our results showed that TPN aong with somatostatin appears
to be an effective therapy available for the treatment of chylous
ascites caused by various disorders.

There are multiple causes of chylous ascites. The most
common ones in Western countries are abdominal malignancy
and cirrhosis, which account for over two thirds of all cases. In
contrast, infectious etiologies, such as tuberculosis and
filariasis, account for the majority of cases of chylous ascites
in Eastern and developing countries!’. Previous studies
showed the effect of some regimen in the treatment of chylous
ascites caused by one kind of pathological condition. In the
present series, various etiological factors including surgical
injury (patient 1 and 5), pancreatic cancer (patient 2), liver
cirrhosis (patient 3) and idiopathic cause (patient 4) demonstrate
the wide indications of our treatment. It also indicates the
change of etiology spectrum in China, operation and cancer
have become the common causes now.

Treatment of the underlying cause of chylous ascitesis of
pivotal importance in managing patients with chylous ascites,
especially those having an infectious, inflammatory, or
hemodynamic cause. But conservativetreatment isusually vital
for most patientsto relieve the symptoms and restore nutritional
deficits. Paracentesisis hot only adiagnostic but al so therapeutic
method in the management of chylous ascites. Despite several
definite drawbacks and complications, repeated paracentesis
is commonly included in the nonoperative treatment regimens
torelieve abdominal distention*¥. Inthree patientsof thisseries,
repeated paracentesis was replaced by persistent peritoneal
drainage with a single lumen central venous catheter, which
permitted us to monitor the quality and quantity of drainage
daily. In patient 4 and 5, peritoneal drainage tubeinserted during
the operation was reserved until recovery. No tube blockage,
catheter-related sepsis or any other complications devel oped
inall patients. So persistent peritoneal drainage may beamuch
better and accepted choice than repeated paracentesis.

Fasting, together with TPN, can decreasethe lymph flow in
thoracic duct dramatically from 220 mL/(kg-h) to 1 mL/(kg-h)i*3.,
Furthermore, TPN restores nutritional deficits and balances
metabolic impairments imposed by long-standing chylous
ascites and repeat sessions of paracentesis. So fasting and
TPN are essential in nonoperative management of chylous
ascites. In the past, however, TPN was usually recommended
asthe second line treatment when enteral dietary manipulation
failed™. Routine conservative treatment, using TPN only or
combined with an MCT diet, needed 2 to 6 wk to cure 60% to
100% of cased™**.. In our study, patient 1 who only received
fasting and TPN recovered completely after 24 d.

Initial experience with continuous intravenous high dose
somatostatin for the closure of postoperative lymphorrhagia
wasreported in 1990 by Ulibarri et al. The exact mechanisms of
somatostatin on drying lymphatic fistulas are not completely
understood. It has been previously shown to decrease the

intestinal absorption of fats, lower triglyceride concentration
in the thoracic duct and attenuate lymph flow in the major
lymphatic channel§9.. In addition, it also decreases gastric,
pancreatic and intestinal secretions, inhibits motor activity of
the intestine, slows the process of intestinal absorption and
decreases splanchnic blood flow, which may further contribute
to decreased lymph production. It has also been speculated
that somatostatin improves chylousascites by inhibition of lymph
fluid excretion through specific receptors found in the normal
lymphatic vessels of intestinal walll**8, Shapiro et al. reported
rapid resolution of chylous ascites after liver transplantation
within 2 d after administration of the octreotide combined with
total parenteral nutrition*”, Satisfactory results were also
achieved by otherg¢1%21, To our knowledge, however, most
of these articles included just one case. Somatostatin therapy
also remains an indefinite or second-line method in treatment
of chylous ascites. The recommended algorithm for the
management of chylousascitesin areview in 2000, only regarded
somatostatin in combination with TPN as an unproved
aternative method*®. Another algorithmin 2002 recommended
somatostatin therapy only after a period of combined dietary
intervention and TPN had failed *4. Our results showed that 2
of 4 patientstreated with somatostatin or its analogue recovered
completely within 10 d with well maintained nutritional status
and no significant side effect, while the symptoms of patient 2
relieved despite of relapse. Asto patient 5, the conservative
treatment decreased the fistula drainage greatly and paved the
way for the subsequent management. Inthiscaseweareinclined
to surmisethat chemotherapy may affect the closure of lymphatic
fistula. These results suggest that somatostatin along with TPN
can closethelymphatic leakage or relievethe symptom effectively
and rapidly, in comparison with conventional regimens.

The outcome of chylous ascites mostly depends on the
underlying pathological condition causing lymphatic |eakage.
The mortality of chylous ascites, especially those caused by
surgery, has decreased much than before®, but that caused by
malignancy remains high. In our study, TPN and somatostatin
could not control the chylous ascites completely in patient 2,
S0 necessary adjustment of this regimen or more aggressive
therapy should be applied to stop the lymphatic leakage in
these patients. Peritoneovenous shunt has been proved to be
avaluable method especially for those cancer patients who are
refractory to conservative treatment!+29,

We conclude that TPN with somatostatin should be the
first-line therapy for chylous ascites caused by variousdisorders,
and started as soon as possible. Some other methods should
also be attempted to close the fistula that is refractory to
conservative treatment. Further studies of multicenter clinical
trialsinvolving more patients to compare the efficacy and cost
between this regimen and the others are suggested.
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Abstract

AIM: To examine whether glutamine prevents the injury
to the intestinal mucosa after intestinal ischemia-reperfusion
(I/R) in rats.

METHODS: Thirty male Sprague-Dawley rats were randomly
divided into 3 groups: a standard parenteral nutrition (PN)
group (n = 10); an I/R-PN group (= 10); an I/R-glutamine
enriched PN (I/R-GIn) group (7 = 10). The superior mesenteric
artery (SMA) was clamped. After 60 min of ischemia,
reperfusion was initiated and infusion was started. All rats
received isocaloric and isonitrogenous nutritional support
for 48 h. Spleen, liver, mesenteric lymph nodes (MLN), and
intestinal segments were removed for morphological and
biochemical analyses, and blood samples were collected
for bacterial culture and measurement of endotoxin levels.
The permeability of intestinnal mucosa was assayed by
measurement of D-(-)-lactate levels in plasma.

RESULTS: In I/R-PN group, extensive epithelial atrophy
was observed, mucosal thickness, villous height, crypt depth
and villous surface area were decreased significantly compared
with PN group, whereas these findings did not occur in the
I/R-GIn group. The incidence of intestinal bacterial
translocation to spleen, liver, MLN, and blood was
significantly higher in I/R-PN group than that in other groups.
Plasma endotoxin levels significantly increased in the I/R-PN
group compared with the I/R-GIn group. Remarkably higher
values of D-(-)-lactate were also detected in PN group
compared with that in I/R-GIn group.

CONCLUSION: Glutamine protects the morphology and
function of intestinal mucosa from injury after I/R in rats.

Wu GH, Wang H, Zhang YW, Wu ZH, Wu ZG. Glutamine
supplemented parenteral nutrition prevents intestinal ischemia-
reperfusion injury in rats. World J Gastroentero/ 2004; 10
(17): 2592-2594

http://www.wjgnet.com/1007-9327/10/2592.asp

INTRODUCTION

Ischemia-reperfusion (I/R) of the gut is a common event in a
variety of clinical conditions, such astrauma, burn, septic shock,
heart or aortic surgery, and liver or small bowe transplantation’*2.
Intestinal I/R results in many adverse events to the small
intestine such as edema and disruption of the structural and

functional mucosa. Thisinjury includes mucosal and vascular
permeability, change bacterial trandlocation, and a high death
rate’®4., It has been proposed that most of the mucosal injury
resulted from I/R are mediated by reactive oxygen derived free
radicals produced and released when hypoxic tissues are
reoxygenated during reperfusion. Clinical and experimental
studies suggest that I/R-induced intestinal injury play arolein
the pathogenesis of systemic inflammation, respiratory failure,
and multiple-organ failure (MOF)®,

Glutamine (GLN) is the primary metabolic fuel of small
intestinal enterocytes, and has been shown to be an essential
metabolic component of the proliferative response of enterocytes.
Studies have shown that glutamine reduced atrophy of intestinal
mucosain rats on total parenteral nutrition (TPN), prevented
intestina mucosd injury accompanyingsmal bowe trangplantation,
chemotherapy, and radiation. It was also reported that glutamine
supplemented TPN prevented intestinal I/R injury, and
improved survival after intestinal I/R inanimal model§%™. Thus,
GLN treatment seemsto be a preventive and therapeutic method
for gut I/R-induced organ injury. However, despite the positive
result from previous studies, glutamine has not been used
extensively totreat preexistingintestinal I/R injury. The purpose
of this study was to examine whether glutamine prevented
damage to the intestinal mucosa after intestinal I/R in rats.

MATERIALS AND METHODS

Experimental protocol/procedures

Thirty male Sprague-Dawley rats weighing 350 to 450 g were
employed after aperiod of acclimatization. After an overnight
fadt, theratswere anesthetized with sodium pentobarbital 25 mg/kg
intraperitoneally. Through amidline laparotomy, the superior
mesenteric artery (SMA) was carefully isolated and clamped at
its origin from the abdominal aorta. After 60 min of ischemia,
the clamp was removed from the SMA and reperfusion was
initiated. The abdominal incision was closed and infusion was
started immediately. A silastic catheter was inserted through
the right jugular vein, tunneled subcutaneously, and brought
out through the skin of midscapular region. The rats were
randomly divided into 3 groups: a standard parenteral nutrition
(PN) group (n=10); an I/R-PN group (n = 10); anI/R-glutamine
enriched PN (I/R-GIn) (n = 10). The SMA of sham ratsin PN
group wasisolated but not clamped. All ratswere maintained in
individual metabolic cages, and received parenteral nutritional
support for 48 h. The composition of the TPN solution isshown
inTable 1. Both solutionswereisocaloric ( 174.3 keca/kg-d ) and
isonitrogenous (1.0 g/kg-d). After 48 h' nutritional support, a
20-cm long intestinal segment was obtained from apoint 10 cm
distal to theligament of Treiz for morphological and biochemical
analysis. Spleen, liver, MLN, and blood sampleswere collected
for bacterial culture and measurement of endotoxin levels.

Histologic evaluation and biochemical analysis

Intestinal samples corresponding tothefirst 5 cm of the resected
intestinal segment were fixed in 40 g/L formaldehyde. All
sampleswere embedded in paraffin and stained with hematoxylin
and eosin. Three paraffin sections were prepared from each
fixed tissue sample, and each slide was analyzed. A blinded



Wu GH et a/. Intestinal ischemia- reperfusion injury

2593

observer performed the histol ogic analyses using the histologic
scoring system. Mucosal wall thickness, villous height, crypt
depth and villous surface area were measured under light
microscope. All measurementsweremadeintriplicate, and mean
values were obtained. The 15 cm of the intestinal segment | eft
was sampled, and the mucosal samplewasimmediately scraped
from the underlying muscular layer with a glass slide. The
mucosawas weighed and stored at -70 °C until analysis. DNA
and RNA content was measured by the fluorometric method.
Protein content was determined by the bicichoninic acid method.

Intestinal permeability

The permesbility of intestinal mucosawas assayed by measurement
of D-lactate levels in plasma. The procedure used a glycine-
hydrazine buffer a pH 9.5 and 25 °C. The assay was based onthe
enzymaticoxidationof D-lactatewithaspecific D-lacticdehydrogense
coupled to reduction of NAD* with the spectrophotometric
measurement of NADH at 340 nm. Plasmawas separated from
the blood sample by centrifugation and stored at -70 °C until
andysis. Quantification of D-lactate wasperformed by fluorescence
spectrometry as described by Shimojo et al.®. The measurements
were madewith aBeckman DU fluorescence spectrophotometer
at 340 nm. D-lactate standard stock solution was 0.47 mg/mL Li
lactate (0.44 mg/mL D-lactic acid ) and was diluted for standard
curves. D-lactic dehydrogenase was from Sigma Biochemicals
and was diluted with water to about 600 U/mL. Sigmaassay kit
826-UV was used for D-lactate analysis.

Bacterial translocation measurements

Rats were killed, and their mesenteric lymph nodes, spleens
and liverswere removed. Thetissuesweretransferred to grinding
tubes containing sterile BHI to detect aerobic bacteriaor sterile
10 A broth to detect lactobacilli. Thetissueswere homogenized,
and BHI tubes were incubated aerobically, whereas the 10 A
broth tubeswereincubated in 100 mL/L carbon dioxideat 37 °C.
After incubation, 0.2 mL of thetissues homogenates was spread
on blood agar platesto detect aerobic bacteria, E. coli or lactobacilli.
The tissues homogenates were Gram- stained to confirm that
bacteria present in the homogenates grew on the agar plates.

Statistical analysis

Datawere anadyzed using sandard sttigtical software (SPSS10.0).
For normally distributed data, a paired Student’st test was
used for statistical analysis. A probability value less than or
equal to 0.05 was considered statistically significant. All data
were expressed as mean+SE.

RESULTS

Themortality ratewas 0% (0/10), 28.6% (4/14), and 16.7% (2/12)
in the PN, I/R-PN, and I/R-GIn groups, respectively. It was
significantly higher in I/R-PN group compared with that in the
PN group and I/R-GIn group (P<0.05).

Inthel/R-PN group, extensive mucosal damage characterized
by extensiveedema, leukocyticinfiltration, epithelial sloughing,
mucosal ulceration of villous tips, and mucosal atrophy was
observed. Thisdid not occur inthe PN group and I/R- GIn group,
and no histologic difference was noted between the PN group
and I/R- GIn group. Mucosal wall thickness, villous height,
crypt depth and villous surface area decreased significantly in
thel/R-PN group compared with thosein the PN group and I/R-
Gln group (P<0.05; Table2). Mucosal wet weight, protein, DNA
content and RNA content decreased significantly in the I/R-
PN group compared with those in the PN group and I/R- GIn
group (P <0.05; Table 3).

PlasmaD-lactate levels significantly increased in the I/R-PN
group (0.15+0.04 mmol/L) compared with thoseinthe PN group
(0.08£0.02mmoal/L; P<0.05) andI/R- GIngroup (0.10+0.02mmol/L ;

P<0.05). No significant differencewas observed between PN group
and I/R- GIn group.

Theincidence of intestinal bacterial translocationto MLN,
spleen, liver, and blood was significantly higher in I/R-PN group
compared with that in PN group and I/R- Gln group. Therewas
no significant difference between PN group and I/R- Gln group
(P<0.05; Table4). The plasmaendatoxinlevelsincreased in I/R-PN
group (14.5+0.12 pg/mL) compared with PN group (9.2+0.8 pg/mL ;
P<0.05) and I/R- GIn group (10.5+0.9 pg/mL ; P<0.05).

Table 1 Composition of parenteral nutrition solutions (per 100 mL)

PN I/R- GIn
Glucose () 17.9 17.9
Fat emulsion (g) 5.6 5.6
Amino acid (g) 5.8 2.2
Ala-Glu (g) 0.0 3.6
Nitrogen (g) 0.93 0.93
NPC (kcal) 122.0 122.0
NPC/N 131.2 131.2

Table 2 Morphologic parameters

PN 1/R-PN I/R- GIn
(n =10) (n=10) (n =10)
Mucosal wall 566.5+37.4%°  418.2+39.6 564.4+59.32
thickness (um)
Villous height (um)  404.2+39.1*  290.8+48.8 396.4+60.52
Crypt depth (um) 214.5+29.4*  136.6+20.2 204.9+38.62

Villous surface 0.118+0.010* 0.065+0.006 0.112+0.012%

area (mm?2)

3P<0.05 vs I/R-PN; PN: parenteral nutrition; I/R: ischemia-
reperfusion Gln: glutamine.

Table 3 Mucosal wet weight and biochemistry

PN 1/R-PN I/R- GIn
(n =10) (n =10) (n =10)

Mucosal wet 74.6+£16.32 55.2+12.0 82.8+18.22
weight (mg/cm)
Protein content 3.25%0.922 1.73%0.60 3.16+0.47¢
(mg/cm)
DNA content 1.42+0.20° 0.64+0.12 1.33+0.17#
(mg/cm)
RNA content 4.53+0.582 3.26+0.78 4.45+0.84°
(mg/cm)

3P<0.05 vs I/R-PN; PN: parenteral nutrition; 1/R: ischemia-
reperfusion GIn: glutamine.

Table 4 Bacterial translocation measurements

PN (n=10) I/R-PN(n=10) I/R-GIn(n=10)
Rate of BT 10% (1/10) 100% (10/10) 20% (2/10)
MLN 1 9 2
Blood 1 7 1
Liver 0 5 0
Spleen 0 4 1

BT: bacterial translocation, MLN: mesenteric lymph mode.

DISCUSSION

Ischemiaof the gut isacommon event after traumaand asignificant
predisposing factor of MOF. Intestinal I/R injury resultsin
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many adverse events to the small intestine such as interstitial
edema and disruption of the structural and functional mucosa.
These increase the permeability of the intestinal mucosa and
promote bacterial translocation. Clinical and experimental
studies suggest that I/R-induced intestinal injury playsarole
inthe pathogenesisof systemicinflammeation, respiratory failure,
and MOF®1%, Glutamineisthe primary metabolic fuel of small
amino acid pool in the body, and has been shown to be an
essential metabolic component of the proliferative response of
enterocytes. Studies showed that glutamine supplementation
of TPN improved survival after gut I/Rinjury!®, reduced atrophy
of intestinal mucosa in rats on total parenteral nutrition*?;,
prevented intestinal mucosal injury accompanying short bowel,
small bowel transplantation, chemotherapy, and radiation*17,
In the present study, the mortality rate was 28.6%in the I/R-PN
group and agpparent mucosal damage, such as epithelia doughing
and mucosal ul ceration was observed histologically. A 100%
survival wasachieved inthe PN group, 16.7%in I/R-GlIn group,
and only minor histologic changes of the small intestine were
observed in PN and I/R-GIn groups. The I/R-Glin rats had a
greater villous height, more mucosal protein, DNA and RNA
content, and alower degree of intestinal permeability compared
with the I/R-TPN rats. This suggests that Gln supplemented
TPN plays an important role in the maintenance of intestinal
structure and barrier function in I/R-injured rats.

The intestinal mucosa, especially in the region of villi, is
especially susceptibleto hypoxia because of the microvascular
architecture and its high energy demand. Intestinal ischemia
perpetuates the bacteremic condition by promoting trandocation
of bacteriainto thecirculation. Severa experimental and clinical
studies have shown that intestinal ischemia decreases barrier
function of the gut and enhances trand ocation of bacteria and
toxin®®¥, Inour I/R modd, the SMA of ratswasclamped for 60 min,
and the rats were killed 48 h after intestinal I/R. Mesenteric
lymph nodes, spleens, livers and blood were then cultured
quantitatively. Almost all MLN had positive cultures and grew
significantly great numbers of enteric bacteria, spread to the
blood, liver and spleen in I/R-PN group. The most common
bacterium discovered from solid viscera was E. coli, other
species included enterococcus, pseudomonas, proteus, and
staphylococcus. While, only 20% MLN cultures were positive,
less than 10% spread to blood and spleen in I/R-GIn group.
Additionally, plasma D-lactate and endotoxin levelsincreased
significantly in I/R-PN group compared with that in I/R-GIn
group. These findings indicated that the increase of intestinal
permeability and the incidence of bacterial trandocation in the
intestinal 1/R ratswere prevented by glutamine supplementation.

In conclusion, the present study demonstrates that glutamine
supplemented TPN protects rat intestine from morphologic and
functional mucosal injury after intestinal 1/R. These results
suggest that glutamine would be clinically useful in the trestment
of intestinal I/R injury.
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Abstract

AIM: To investigate the effects of dendritic cells (DCs)
transfected with full-length wild-type p53 and stimulated
by gastric cancer lysates on immune response.

METHODS: The wild-type p53 was transduced to DCs with
adenovirus, and the DCs were stimulated by gastric cancer
lysates. The surface molecules (B7-1, B7-2, MHC-1, MHC-II)
of all DCs were detected by FACS, and the ability of the DCs
to induce efficient and specific immunological response in
anti->!Cr-labeled target cells was studied. BALB/c mice
injected with DCs and Mk28 were established, and CTL
response in mice immunized with Lywt-p53DC was evaluated.
Tumor-bearing mice were treated with Lywt-p53DC.

RESULTS: The surface molecules of Lywt-p53DC had a high
expression of B7-1 (86.70+0.07%), B7-2 (18.77+0.08%),
MHC-I (87.20+0.05%) and MHC-II (56.70+0.07%); T
lymphocytes had a specific CTL lysis ability induced by Lywt-
p53DC; the CTL lysis rate was as high as 81%. The immune
protection of Lywtp-53DC was obvious, the tumor diameter
in Lywtp-53DC group was 3.10+0.31 mm, 2.73£0.23 mm,
3.70£0.07 mm on d 13, 16 and 19, respectively, which
were smaller than control, DC, wtp53DC and LyDC group
(P<0.05). Tumor growth rate in Lywtp53DC group was
slower than that in other groups (P<0.05).

CONCLUSION: DCs transfected with wild-type p53 and
stimulated by gastric cancer lysates have specific CTL killing
activity.

Sun HW, Tang QB, Cheng YJ, Zou SQ. Effects of dendritic
cells transfected with full-length wild-type p53 and stimulated
by gastric cancer lysates on immune response. World J
Gastroentero/ 2004; 10(17): 2595-2597

http://www.wjgnet.com/1007-9327/10/2595.asp

INTRODUCTION

Dendritic cells (DCs) are the most potent antigen-presenting
cellsand are actively used in cancer immunotherapy. The wild-
type p53 can be recognized as an antigen and can induce specific
CTLsin the host body. It is an effective method to immunize
body with p53 in p53-overexpressing tumor cells. p53-based

immunization isan attractive approach to cancer immunotherapy
due to the accumulation of p53 protein in gastric cancer. We
detected the effects of DCs transfected with full-length wild-
type p53 and modified by gastric cancer lysates on immune
response and tried to make DC induce efficient and specific
anti-tumor immunological response.

MATERIALS AND METHODS

Animals and cell lines

Eight-week-old female BAL B/c micewere purchased from Hubel
Animal Center and housed in pathogen-free units of Tongji
Hospital experiment center.

Gastric cancer cells (Mk28) were obtained from Hubei cell
culture center and cultured in compl ete culture medium (CCM)
containing RPMI 1640 supplemented with 25 mL HEPES,
100 mL/LFCS, and antibiotics (100 U/mL penicillin, 100 pg/mL
streptomycin, 0.25 pg/mL amphotericin B). It isarelatively
immunogenic tumor that carries amutant endogenous p53 gene.
P815 mastocytoma cells were obtained from ATC Company
and culturedin CCM. Thecell cultureswere maintained at 37
in50 mL/L CO, humidified atmosphere.

Reagents

Ad-mp53 was constructed by cloning the 1.5-kb murine p53
cDNA (obtained from Sigma, Wuhan, China) into pAdl/CMV
that contains CMV promoter and bovine growth hormone polyA
signa sequence. Thisplasmid was co-transfected with pBHG10
into 293 cells. Recombinant adenovirus was selected based
on PCR analysis of individual plaques. Control adenovirus
(Ad-c) was prepared by deletion of E1 region from adenovirus
serotype.

FITC-label ed mouse anti-mouse p53 antibody and isotype
mouse | gG2awere purchased from Serotec Company (New York,
USA). FITC-labeled anti-mouse CD11c antibody and isotype
mouse 1gG2a, k, PE-labeled anti-mouse I-Ad, anti-mouse B7-1,
B7-2, MHC-1, MHC-II antibody and isotype mouse1gG2a, k, as
well ashamster anti-mouse CD40 (HM40-3) monoclona antibody
and anti-hamster IgM were purchased from Sigma Company.

Generation of DCs

DCs were generated from bone marrow of naive syngeneic
micein CCM supplemented with 20 ng/mL murine GM-CSF,
10 ng/mL IL-4, and 50 pmol/L 2-mercaptoethanol. The cells
weremaintaineda 37 ina50mL/L CO, humidified atmosphere.
Half of the medium wasreplaced ond 3. After 5-6 din culture,
cdlswere collected and enriched by centrifugation over a135 g/L
metrizamide gradient. The purity of DCs fraction was higher
than 80% as determined by FACS analysis of surface molecules
expression (B7-1, B7-2, MHC-I, MHC-11).

Infection of cells with adenovirus

DCswereinfected with Ad-c or Ad-p53 (10 000 viral particles
per cel) for 90 minin 0.5 mL serum-free RPMI 1 640 medium
supplemented with 20 ng/mL GM-CSFand 10 ng/mL IL-4in24-
well plates followed by culturing in CCM with the same
cytokinesfor 48 h. This dosewas selected after some preliminary
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experiments, and did not affect cell viability (95% viable after
trypan blue staining).

Preparation of lysates and DCs loaded with tumor cell lysates
DCswere washed twice in PBS and incubated with 14 pug/mL
hamster anti-mouse CD40 monoclona antibody for 25 min on
ice, thenwashedin RPMI 1 640 twiceand culturedin 1 mL CCM
supplemented with 3.5 pg/mL anti-hamster IgM, 20 ng/mL GM-
CSF and 10 ng/mL IL-4 overnight. Four kinds of DCs such as
DC, wtp53DC, LyDC, and Lywtp53 were collected and | oaded
with tumor cell lysates.

FACS analysis of four kinds of DCs surface molecules expression
DCswere estimated by intracellular staining followed by flow
cytometry. Cells were washed in PBS twice, fixed by 2.5 g/L
paraformal dehyde solution for 30 min on ice, washed in PBS,
permeabilized by 2 g/L Tween 20for 15minat 37 ,washedin
PBS, incubated with FITC-labeled mouse anti-mouse p53
antibody or isotype mouse |gG2afor 25 min on ice, washed
twicein PBS and analyzed by FACScalibur low cytometer.

To study the expression of surface molecules, DCs were
washed twicein PBS, incubated with 1 ug/10° cellsFITC-labeled
anti-mouse CD11c antibody and PE-labeled anti-mouse I-Ad
or anti-mouse B7-1, B7-2, MHC-I, MHC-II antibody for 25 min
on ice, washed twice in PBS and analyzed by flow cytometry.
Non-specific binding was estimated using FI TC-labeled isotype
mouse |gG2a, k and PE-labeled isotype mouse 1gG2b, k.

Immune protection effect of Lywtp53 and treatment in mice
DCs were generated from bone marrow of BALB/c mice and
infected with adenovirus as described above. Forty-eight hours
later cellswere washed 3 timesin PBS and injected to BALB/c
mice (2x10° /mouse) 3to 4 timeswith a10-14 d interval. Seven
daysafter thelastimmunization Mk28 tumor cells(3.5%10°/mouse)
were inoculated s.c. and the size of the tumor was observed.

The same tumor model was used to evaluate the effectiveness
of treatment. Five hundred thousand Mk28 cellswereinocul ated
s.c. shaved backs of BALB/c mice. The treatment was started
whentumorsreached 4-6 mmindiameter (d 7). Miceweretreated
with DCs prepared as described above. The treatment was
repeated 4 times with 5- to 6-d intervals. Tumor sizes were
measured every 3-5 d for 4 wk.

CTL assay

Splenocytes (effector cells) freshly isolated or restimulated for
7 dwith 4 kinds of DCswere mixed with different >'Cr-labeled
target cells: Mk28 cells pre-incubated for 48 h with 5 ng/mL
murine |FN-y or p815 cellsinfected with Ad-p53 or Ad-c. After
6-h incubation and harvesting of supernatants, the radioactivity
was measured by gamma-counter. To estimate the maximum
SICr-release, 10 g/L triton X-100 was used. The percentage of
cell lysis was calculated as follows: (experimental release-
spontaneous rel ease)/(maximum rel ease-spontaneous rel ease)
x100%.

RESULTS

DCs surface molecules expression

Surface molecules of lywt-p53DC highly expressed were
detected by FACS: B7-1 (86.70+0.07%), B7-2 (18.77+0.08%),
M CH-1 (87.20+0.05%), M CH-I1 (56.70+0.07%).

Induction of CTL response in mice immunized with DCs

To induce an immune response against wild-type p53, we
started with three immunizations of BALB/c mice with DCs
generated from bone marrow progenitors of syngeneic mice
and transduced with Ad-p53 loaded with lysates as described

in MATERIALS AND METHODS. We found statistically
significant differences in tumor formation between mice
immunized with Lywtp53 DCs and control groups (9 mice per
group), and no differences between wtp53DC and LyDC.

The presence of Mk28-specific CTLswasevauated in mice
immunized with activated Ad-p53-transduced DCs. Six-hour
standard CTL assay was performed 1 mo and 1 wk after the last
immunization (1 mo after inoculation of Mk28 cells into
immunized mice). Freshly isolated splenocyteswere mixed with
SICr-labeled Mk28 cells at different ratios. Splenocytes from
mice injected with Ad-c-infected DCs demonstrated no ability
to lysetarget cells, whereas splenocytes from mice immunized
with Ad-p53-transduced DCs demonstrated low, but clearly
significant cytotoxicity against Mk28 cells (Figure 1).
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Figure 1 Lysis ability of DCs.

Table 1 Surface molecules expression of 4 kinds of DCs stimu-
lated with lysates (n = 10, mean%SD, %)

Surface DC Wtp53DC LyDC Lywtp53
molecules

B7-1 36.70+0.07 61.77+0.08 67.20+0.05 86.70+0.072
B7-2 5.27+0.01 9.90+0.04 9.13+0.03 18.77+0.08?
MHC-I 44.03+0.04 69.13+0.05 68.10+0.03 87.20+0.05%
MHC-1l  17.13+0.12 31.10+0.31 32.73+0.23  56.70+0.07?

aP<0.05 vs any group of DC, wtp53DC and LyDC.

Table 2 Immune protection of DCs (mean+SD, n = 10)

Tumor diameter after inoculation (mm)

Group

d 10 d 13 d 16 d19
Control 3.72+0.01 6.70+0.02 7.10+£0.09 9.90+0.02
DC 3.70+0.01 5.70+0.08 6.10+0.04 9.70+0.08
Wtp53DC 3.07+0.01 6.90+0.04 7.13+0.03 8.22+0.08
LyDC 4.03+£0.04 6.13+0.05 7.10+0.03 8.77+0.05
Lywtp53 3.13+0.02 3.10+0.31° 2.73+0.23*  3.70+0.072

2P<0.05 vs control, DC, wtp53DC and LyDC group.

Table 3 Immune treatment of DCs (meanzSD, n = 10)

Tumor diameter after inoculation (mm)

Group

d7 di12 d15 d 18
Control 5.72+0.02 7.88+0.09 9.20+£0.11 11.90+0.09
DC 4.70£0.03 7.71+0.08 9.02+0.04 10.70+0.68
Wtp53DC  5.03+0.09 6.90+0.09 7.13+0.11  8.29+0.05
LyDC 5.06+0.01 6.13+0.08 7.10£0.05  8.77+0.03
Lywtp53 5.19+0.09 5.10+0.39 6.73+£0.66* 6.79x0.77°

2P<0.05 vs control, DC, wtp53DC and LyDC group.
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The immune protection of Lywtp53DC group was obvious,
the tumor size of Lywtp53DC group was smaller than control,
DC, wtp53DC and LyDC group ond 13, 16 and 19 (Table 2).

Treatment of tumor-bearing mice with Ad-p53-transduced
DCsand CTL response are shown in Table 3. Ond 15 and 18,
the growth rate of tumor in Lywtp53DC group was slower than
any of the other group (Table 3).

DISCUSSION

p53 protein isan attractive target for immunotherapy of cancer.
Normal cellshavevery low levels of p53, whereas accumulation
of this protein because of mutations or functional inactivation
is observed in 50% of human malignancies. This provides, in
theory, potential targetsfor CTLsthat recognize class| MHC-
bound epitopes.

In this study we have demonstrated that activated DCs
transduced with full-length wild-type p53 loaded with lysates
are ableto break toleranceto this self-protein and induce potent
antitumor responsewith no detectabl e autoimmune abnormalities.
Wild-type, p53-derived, self-MHC-self-peptide complexes
expressed by bone marrow-derived cells in the thymus cause
negative sdlection of immaturethymic T cellswith ahigh avidity
for such complexes*®. Theseresultsin deletion of T cellswith
sufficient avidity to recognize natural wild-type p53 epitopes
presented by MHC class | molecules on tumor cells and thus
prevent immune response. Only low avidity CTLs survive
during the induction of self-tolerance®d.

We suggest here another method of immunotherapy based
on the use of full-length wild-type p53. This approach may be
devoid of many limitations of peptide-based immunization and
would provideavauableoptionfor clinical trials. Overexpression
of wild-type p53 in antigen-presenting cells would allow
presentation of several different epitopes. The feasibility of
such an approach was shown previously in model experiments
in which each of the different minimal epitopes combined to a
single fusion protein can be presented separately on the cell
surface and be recognized by specific CTLg%,

The study demonstrated that the wild type p53 was
transduced to DCswith adenovirus, and the DCswere stimulated
by gastric cancer lysates. The T lymphocytes had specific CTL
lysisability induced by Lywt-p53DC loaded with lysates, the CTL
lysisrate was as high as 81%. The surface molecules of Lywt-
p53DC showed ahigh expression of B7-1 (86.70+0.07%), B7-2
(18.77+0.08%), MHC-I (87.20+£0.05%), MHC-11 (56.70+0.07%);
There were significant differences in tumor sizes between
Lywtp53DC group and any other group. In Lywtp53DC group, the
growth rate of tumor was slower than any one of the other group
(P<0.05). These studies showed that Lywtp53 DC had immune
protection effect on mice, especialy loaded with lysateg-4,

Because of a polyclona nature of T cells generated after
two rounds of stimulations with p53 DCs, it is possible that
someleve of cytotoxicity against tumor cells could be mediated
by alloreactivity. When the DCs were |oaded with lysates of
tumor, the lysates will be presented to APC, and the process
canincreaseimmunogenicity inthe body. DCswere recognized;
the specificity of CTLswas enhanced!*>19,

In conclusion, these data indicate that DCs transduced with
full-length wild-type p53 loaded with lysatesare ableto generate
aCTL response specifically for tumorswith p53 overexpression.
These findings demonstrate that this approach may overcome
tolerance to self-protein and may serve asavaluable option in
cancer immunotherapy.
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Abstract

AIM: To evaluate the immediate and long-term results in a
series of patients with highly symptomatic polycystic liver
disease (PLD) treated by combined hepatic resection with
cystic fenestration.

METHODS: We reviewed our recent experience with a
combined hepatic resection-fenestration procedure in seven
highly symptomatic patients with PLD. Clinical data, liver
manifestation of computed tomography (CT), and morbidity
were recorded pre- and post-operation. Follow-up was made
by clinical and CT examinations in all patients.

RESULTS: Symptomatic relief and reduction in abdominal
girth were obtained in all patients during an average follow-
up period of 20.4 mo. CT scans confirmed post-resection
hypertrophy of the spared liver and lack of significant cyst
progression. All patients had mild to severe ascites. Two
patients were complicated with pleural effusion.

CONCLUSION: Some highly symptomatic patients with
massive PLD may benefit from combined hepatic resection
and fenestration at acceptable risk. To stitch the dissected
hepatic ligaments could prevent the instable remnant liver
from kinking and collapsing.

Yang GS, Li QG, Lu JH, Yang N, Zhang HB, Zhou XP. Combined
hepatic resection with fenestration for highly symptomatic
polycystic liver disease: A report on seven patients. World J
Gastroentero/ 2004; 10(17): 2598-2601
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INTRODUCTION

Polycystic liver disease (PLD) is arare, benign inherited
condition, frequently associated with polycystic disease of
the kidney™. Unusually asliver failure appears, some patients
may be highly symptomamtic due to the compression of liver
enlargement or liver complications, therefore requiring
treatment.

Highly symptomatic patients with PLD almost exhaust al
conservative therapeutic options, and surgery is considered as
the best possible procedure?. The purpose of this study wasto
evaluate the immediate surgical results and the short- and
long-term outcome in patients treated with hepatic resection
combined with cyst fenestration on the basis of our preliminary
understanding and experience.

MATERIALS AND METHODS

From October 1995 to September 2002, we examined and
operated on 6 women and 1 man with highly symptomatic
PLD at our hospital. All operations were performed by asingle
surgeon (G.S.Yang). In this retrospective study, the medical
records were reviewed. The mean interval from diagnosis of
PLD to surgical treatment was 4.3 years, ranging from 2 to 11
years. Patient age ranged from 36-54 years, averaging 44.1
years. Specific symptoms included pain, massive abdominal
distention, early satiety, regurgitation and supine dyspnea. Six
patients were complicated with polycystic kidney disease but
had no clinical evidence of abnormal renal function. Four
patients had undergone percutaneous cyst aspiration with
acohol sclerotherapy before operation.

Preoperative workup included hematol ogic, hepatic and
renal laboratory tests, and determinations of both respiratory
and cardiovascular performance. CT scan was performed to
delineate cyst distribution to assess portal vein patency and to
serve as a baseline for follow-up comparison in each patient.
No patient underwent angiography. The clinical features of
these patients are summarized in Table 1.

Preoperative preparations of each patient were an overnight
lavage bowel preparation and venous catheterization. The
abdomen was explored through a bilateral subcostal incision.
The hepatoduodenal ligament was exposed to provide access
to avascular clamping and identification of major vascular
and biliary structures. The liver was mobilized by the division
of hepatic peritoneal attachments, which was facilitated by
sequential fenestration of accessible cysts according totheLin
technique®. Liver segments spared of cystic involvement were
identified to define limitsto resection. Non-anatomic segmental
or lobar resection was executed due to cystic distortion of
normal anatomy. Significant islands of functional liver
parenchyma were preserved as many as possible. After
resection of major cystic segments, extensive fenestration of
residual cysts was performed by excision of the cyst walls.
Finaly, cyst cavities exposed to the peritoneum were fulgurated
by argon beam coagulation (Bard Electromedical Systems,
USA) in an attempt to ablate secretory epithelium and reduce
postoperative peritoneal fluid losses. Cholecystectomy in
conjunction with hepatectomy was performed in three patients.
The hepatic resection bed was drained by two large closed
suction drains. After operation, patientswere sent to the surgical
intensive care unit for close monitoring.

All patients were followed up through telephone calls or
at clinic. Special data included hepatic and renal function,
symptomatic relief, the patients’ working capacity and CT
scans.

RESULTS

The surgical outcome of our patientsis presented in Table 2.
The histologic examination showed von Meyenburg’s
complexesinall cases. Therewas no hospital death. All patients
had ascites, the majority of them were successfully managed
with diuretics and drainage within one week. The average
duration of drainage was 11 d, with arange of 5-26 d. Drainage
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Table 1 Clinical findings of patients with PLD

Patient no. Age (yr) Gender Family history Symptoms Other Previous
involved organs treatment
1 48 Female No siblings Abdominal distention, regurgitation None None
2 41 Female Father, two Abdominal pain and distention Kidney PCA+AS
sisters, brother (5 times)
3 54 Female Sister Early satiety, regurgitation Kidney PCA+AS
(2 times)
4 45 Male Sister Abdominal pain and distention Kidney PCA+AS
(2 times)
5 43 Female Sister, brother, Abdominal pain and distention, Kidney PCA+AS
grandmother early satiety, dyspnea (2 times)
6 36 Female Mother, sister Abdominal pain and distention, Kidney None
early satiety, supine dyspnea
7 42 Female Father Abdominal distention, regurgitation Kidney None
PCA+AS, Percutaneous cyst aspiration with alcohol sclerotherapy.
Table 2 Operative data, surgical outcome, and follow-up of patients with PLD
Patient no. Hepatic Blood Cystic fluid Days of hospital stay Postoperative =~ Symptomatic ~ Reduction in
resection loss (mL) aspirated (mL) (after operation) complications relief size of liver
1 11, IVb, V 400 1500 21 (12) Acites Marked Marked
2 I, 1, v 800 3000 25 (14) Acites Marked Marked
3 Right semi hepatectomy, 200 1200 16 (8) Mild acites Marked Marked
cholecystectomy
4 Right smi hepatectomy, 300 1800 24 (16) Moderate acites Marked Marked
cholecystectomy
5 11, 11, 1IVb 1500 6 500 83 (29) Severe acites, Moderate Moderate
left pleural effusion
6 I, 11, VI, VII 3400 4000 42 (16) Severe acites, Marked Marked
right pleural effusion
7 I, 11, VI 300 2 500 27 (11) Acites Marked Marked

Table 3 Review of the literature: mortality, morbidity and outcome of patients with PLD treated by combined hepatic resection an

cystic fenestration

Morbidity (no.) Follow-up (mos) No. of symptom-

free patients

Authors No. of patients Mortality (no.)
Armitage et al.['? (1984) 1 0
Iwatsuki et al.[** (1988) 6 0
Newman et al.[? (1990) 9 1
Sanchez et al.® (1991) 2 0
Vauthey et al.[!l (1992) 5 0
Henne-Bruns et al.l*4 (1993) 8 0
Soravia et al.[**1(1995) 10 1
Que et al.['s1 (1995) 31 1
Vons et al.2™ (1998) 12 1
Johnson et al.'¥ (1999) 1 0
Our series 7 0
Total 92 4 (4.3%)

0 12 1
0 - -
6 17 7
0 48 2
4 14 5
3 15 6
2 68 6
18 29 28
10 34 10
0 18 1
7 0 6

50 (54.3%) 72 (78.3%)

was continued by needle aspiration in Patients 5 and 6
immediately after atwo-week closed suction drainage. The
change was an attempt to prevent ascites from infection.
Furthermore Patient 5 required thoracentesis due to left
pleural effusion.

All patients experienced relief of abdominal symptoms
and had normal hepatic and renal laboratory tests. Abdominal

girth was reduced markedly in six patients and moderately in
one. Repeated abdomina CT scans in these patients failed to
show significant development of cystsin the previously spared
liver segments during a mean follow-up period of 20.4 mo,
with arange from 2 to 86 mo. Indeed, as shown in Figure 1,
CT scans confirmed post-resection hypertrophy of the spared
liver and lack of clinically significant cyst progression.
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Figure 1 CT scans of livers in PLD patients before (left panels) and 3 mo (right panels) after operation, show that hypertrophy of
spared liver and lack of clinically significant cyst progression, and that operative methods totally depend on cystic distribution in
different patients, e.g., lateral segment removal from A to B, right semi-hepatectomy resection from C to D, whereas extensive

fenestration of posterior and interior cysts from E to F.

DISCUSSION

PLD is arare disorder usually associated with autosomal
dominant polycystic kidney disease, with an increasing
prevalence associated with age and female sex!. Symptoms
arise from liver enlargement and compression of adjacent
structures. Most symptomatic patients complained of
increasing abdominal girth and a chronic dull abdominal pain.
Liver enlargement may cause early satiety, weight |oss,
respiratory compromise, and physical disability. Complications
such as ascites, esophageal varices, jaundice and hepatic failure,
arerare®",

A variety of treatment have been advocated for the few
patients with incapacitating symptoms. Percutaneous aspiration
with alcohol sclerotherapy seems valuable for solitary cysts
but does not provide relief for patients with PLD because cyst
collapse may not be sufficient!®. Cyst fenestration with internal
drainage into the peritoneal cavity, described by Lin in 1968,
may fail to achieve long-term favorable outcome®. In practice,
the efficacy of the Lin decompression for PLD is limited by
extent of cysts, access to central cysts, postoperative walling
off of cysts, and the rigid architecture of the fenestrated liver,
which does not completely collapse?. Liver transplantation
might be considered for patients with a*“ syndrome of |ethal
exhaustion” from PL DI04,

Armitage and Blumgart™? described in 1984 a patient with
PLD who underwent partial hepatic resection and cyst
fenestration. This procedure allowed the excision of most
prominent cysts with minimal resection of liver tissue; liver
parenchyma was preserved despite the polycystic disease.
Other reports have shown the feasibility of such an approach
(Table 3)11281218 \We reported a similar favorable outcome.
During a mean follow-up of 20.4 mo, six of seven patients
were symptom free. Herein, we emphasize that the result might
be achieved by a careful selection of patients and by an
experienced surgeon. The head surgeon of our surgical team

has abundant experiences of more than 1400 hepatectomiesfor
liver tumors during the same study period.

The postoperative morbidity rate in reviewed reports was
54.3%. Themgjority of immediately postoperative complications
in our serieswere ascites and transient pleural effusion. Ascites
was easily treated by diuretics and effective drainage or
followed by needle aspiration. None of our patients had kidney
failure requiring dialysis before or after operation. Ascites
occurred in the patients with renal dysfunction may be
refractory and even increased the chanceto beinfected or bring
forth malnutrition!*”). The elucidation for the mechanism of
hepatic cystic epithelium secretion may be akey to solve this
problemfe],

The literature review showed an overall mortality rate of
4.3%. There is only one report that the cause of death was
related to this procedure for patients with PLD™, Acute Budd-
Chiari syndrome developed shortly after fenestration of
posterior cyst, which provoked aliver collapse. In practice, to
stitch on the dissected triangular, falciform and round ligaments
easily kept the stability of the remnant liver, which was
weakened by extensive fenestration of posterior and interior
cysts. Patient 6 is a good example in our series. In patients 3
and 4, we found that the left |obes twisted towards right due to
gravity after right semi-hepatectomy in operation. Connecting
the falciform and round ligaments easily enabled the remnants
fixed, avoiding occurrence of kinking. It may be unnecessary
to avoid fenestration of posterior cysts and propose a frontal
hepatectomy. Two patientsin literature died from postoperative
intracerebral bleeding, suggesting that evaluation of selected
patients’ cerebral vasculature to detect aneurismal diseaseis
essentiall219,

Our follow-up duration is limited and our preliminary
study includesjust seven selected patients. Therefore, thelong-
term benefit of combined hepatic resection and fenestration
should be further evaluated. On the basis of our experience
and review of the available literature, however, this approach
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could be feasible, with an acceptablerisk aswell asafavorable
long-term outcome at follow-up. To stitch the dissected hepatic
ligaments could prevent theinstable remnant liver from kinking
and collapsing.
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Abstract

A 59-year-old woman was admitted to our hospital because
of recurrent follicular lymphoma (FL). Colonoscopic examination
revealed a rectal submucosal tumor (SMT) without any
erosions and ulcers. In this patient, it was difficult to
distinguish non-Hodgkin’s lymphoma (NHL) invasion from
other disorders of the colon including carcinoid tumor
merely based on endoscopic findings. Histopathologic and
immunohistochemical studies on biopsy specimens showed
an infiltration of atypical lymphocytes that were positive
for CD20 and BCL2 but negative for UCHL-1. Fluorescence
/n situ hybridization on paraffin-embedded tissue sections
(T-FISH) identified a translocation of BCLZ with /GH gene.
Based on these findings, the tumor was defined as an invasion
of FL. T-FISH method is useful for the detection of a
monoclonality of atypical lymphocytes in an SMT of the
gastrointestinal tract, and particularly for the detection of
chromosomal translocations specific to lymphoma subtypes.

Yoshida N, Nomura K, Matsumoto Y, Nishida K, Wakabayashi
N, Konishi H, Mitsufuji S, Kataoka K, Okanoue T, Taniwaki M.
Detection of BCL2-IGH rearrangement on paraffin-embedded
tissue sections obtained from a small submucosal tumor of
the rectum in a patient with recurrent follicular lymphoma.
World J Gastroenterol 2004; 10 (17): 2602-2604
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INTRODUCTION

Primary gastrointestina (Gl) lymphomasareuncommon tumors,
constituting lessthan 2% of all GI maignancies. The stomach,
however, isthe most frequent site of extranodal NHL. Of al Gl
NHLs, theincidence of gastric lymphomasranged from 51%to
86%01>3, while that of colonic lymphomas ranged from 1.6% to
16.2%*¥, Diagnosisof GI lymphomas may be complicated due
to difficulties in pathological diagnosis and in staging with

endoscopic biopsies. In fact, it is occasionally difficult not
only to distinguish NHL from other tumors but also to define
subtypes of NHL on the basis of endoscopic and histological
findings of biopsy specimeng®”. Although flowcytometric
analysisis efficient for differential diagnosis of lymphomas,
obtaining a diagnostic biopsy may sometimes be difficult
because Gl lymphomas spread submucosally and have normal
surface qualities; therefore, anumber of specimensarerequired
for an accurate diagnosis.

On the other hand, chromosomal trand ocations are closely
associated with distinctive subtypes of malignant lymphoma®.
Both chromosomal banding and fluorescence in situ
hybridization (FISH) are used for the detection of specific
trand ocation. In addition, we have devel oped a procedure using
FISH directly on paraffin embedded tissue sections (T-FISH),
enabling us to perform cytogenetic analyses on both archival
and small biopsy specimeng®¥,

Inthe current study, using T-FI SH we detected rearrangement
of the BCL2 with immunoglobulin heavy chain (IGH) geneon
biopsy specimens obtained from asmall rectal submucosal tumor
(SMT), thereby differentiatingfollicular lymphoma(FL) from other
neoplastic tumors of colon aswell as other types of lymphoma.

CASE REPORT

A 59-year-old woman was admitted to our hospital because of
the swelling of multiple cervical lymph nodes. The patient had
sufferedfrom stagelV diseaseof FL since1997. Although multiple
chemotherapies including high dose regimen supported by
autologous hematopoietic stem cell transplantation were
administered, complete remission has not been achieved. At the
current hospitalization, the patient showed elevated soluble
interleukin-2 receptor (1 024 U/L), while no abnormal cellswere
detected in both the peripheral blood and bone marrow. Gallium-
scintigraphy showed abnormal accumulation at cervical and
supra-clavicular lesions. Gastroscopic examination revealed no
remarkable abnormalities, whereas colonoscopic examination
detected asmadl eevatedlesion (7 mmx8 mmin size) ontherectum.

The surface of tumor was slightly reddish, but no erosions
and ulcers were noted (Figure 1). No definitive deformity of
colonic wall was detected with double-contrast barium enema
(Figure 2). The tumor invasion was confined to the second
layer of colonic wall based on the endoscopic ultrasonographic
findings (Figure 3). Flowcytometric analyses were not able to
be performed because of small specimens obtained from
diagnostic biopsies. Histopathol ogic and immunohi stochemical
studies on biopsy specimens showed the aggregation of atypical
medium-sized lymphocytes having irregularly enlarged nuclei
that were positive for CD20, CD10 and BCL 2, but negative for
UCHL-1and CD5 (Figures4A-C).

Using DHAPregimen (cisplatin 70 mg/m?, Ara-C 1.4 g/m? x2,
dexamethasone 40 mgx4), the patient achieved a partial
response, followed by theadministration of rituximab. Therectal
lesion disappeared on d 120.
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In order to confirm a diagnosis of lymphoma and define
specific chromosomal abnormalities, we performed T-FISH
analyses on the sample obtained from arectal SMT according
to the protocol already described elsewhere!®?, Briefly,
sections from paraffin-embedded tissues were placed on dides,
and then deparaffinized in xylene. Each slide was dehydrated
in ethanol and treated with 0.2 mol/L HCI and 0.05 mg/mL
proteinase K in TEN (0.05 mol/L tris-HClI, pH 7.8, 0.01 mol/L
EDTA, and 0.01 mol/L NaCl buffer) for 10 minat 37 °C. FISH
probes and samples were denatured simultaneously for 10 min
at 90°C, andwerehybridized overnight at 42 °C. LSl IGH/BCL 2,
IGH/BCL1and MALT1 probes(Vysis, CA, USA) wereused for
the detection of t (14; 18), t (11; 14), and 18921 translocations,
respectively. Images of signal were captured by aCCD camera.
T-FISH detected fusion signals of BCL2 and IGH geneson 75
of 100 nuclei (Figure5), definingtheinvasion of FL witht (14; 18)
(032; g21). Onthe other hand, 95 of 100 nuclei showed negative
resultsfor both t (11; 14) and 1821 trand ocations.

Figure 1 Endoscopic examination revealed a small submu-
cosal tumor on rectum.

Figure 2 Double-contrast barium enema revealed no definite
deformity of the GI wall at the lesion.
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Figure 3 Endoscopic ultrasonography showed that the tumor
was confined at the second layer of the colonic wall.

Figure 4 Histopathological studies showed aggregated atypical
lymphocytes (A). Immunohistochemical analysis revealed that
these lymphocytes were positive for CD20 and BCL2 (B and C).

Figure 5 T-FISH detected fusion signals of IGH and BCL2
genes in nuclei as indicated by arrows.

DISCUSSION

We demonstrated rearrangement of BCL2 with IGH geneon a
small rectal SMT in apatient with recurrent lymphomausing T-
FISH, thereby defining colonicinvolvement of FL. Itisdifficult
to discriminate NHL from other disorders of the Gl tract only
based on endoscopic and histological findings. Although
endoscopic procedures are important not only in the detection
of other disordersinvolving Gl tract, but also in providing a
means for pathologic diagnosis through biopsy, it should be
noted, however, that obtaining a diagnostic biopsy may be
difficult because Gl lymphomas spread submucosally and have
normal surface qualities. Since most GI lymphomas and other
malignancies including adenocarcinoma and carcinoid tumor
frequently display a polypoid growth pattern involving the
mucosa, submucosa and muscularig'?, it is sometimes difficult
to make differential diagnosis based on the histological findings.
In the current patient, immunohistochemical studies defined
a diagnosis of lymphoid lesion of arectal SMT, although
flowcytometric analysis was not successful because of small
specimens obtained from diagnostic biopsy. There are many
kinds of SMTs originating in the colon, for example, lipoma,
malignant lymphoma, carcinoid tumor, etci*¥. Flowcytometric
and immunocytochemical studies are useful for demonstration
of a monoclonal population of lymphocytes of alesion of
interest, since most Gl lymphomas are virtually always of the
B-cell type. However, it should be noted that there are certain
subtypes preferentialy involving Gl tract including mantle cell
lymphoma, and mucosa-associated lymphoid tissue (MALT)
lymphoma*¥. In this respect, cytogenetic study is necessary
for the determination of these subtypes, since chromosomal
translocations are closely associated with distinctive subtypes
of NHL™. Morethan 90% of mantle cell lymphomawasrel ated
tothetrandocation of IGH with BCL1 gené®™. MALT lymphoma
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wasreated tothetrand ocation of API2with MALT1 &t frequencies
of 18.8%. Approximately 60% of FL showed thetrandocation
of BCL2 with IGH (Matsumoto et al. in press). Hence, T-FISH
is a useful method not only to make definitive diagnosis of
NHL but also to defineits subtypes. In addition, afew biopsy
samples are enough for T-FISH analysis when compared with
flowcytometric analysis and polymerase chain reaction (PCR).
Furthermore, the tissues embedded for a period of 15 years
were availablefor T-FISH analysig®.

At present there is considerable controversy concerning
the treatment of primary and secondary Gl lymphomas.
Rituximab has recently included in treatment optionf*®. In our
patient with recurrent FL, salvage therapy including high-dose
Ara-C with rituximab was performed. Because API2-MALT1-
positive lymphoma has demonstrated a more aggressive
subgroup!*”, T-FISH will provide novel information for the
selection of treatment for GI lymphomas.

In conclusion, our resultsindicate that T-FISH isapromising
procedure for the routine detection of genetic aterationsin Gl
lymphomas, it enables usto not only make definitive diagnosis
of NHL but also to define its subtypes.
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Abstract

Chronic mesenteric ischemia is an uncommon condition
associated with a high morbidity and mortality. We
reported a 36-year old women with postprandial abdominal
pain due to chronic mesenteric ischemia caused by a fistula
between superior mesenteric and common hepatic artery.

Kayacetin E, Karakose S, Karabacakoglu A, Emlik D. Mesenteric
Ischemia: An unusual presentation of fistula between superior
mesenteric artery and common hepatic artery. World J
Gastroenterol/ 2004; 10(17): 2605-2606
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INTRODUCTION

Chronic mesenteric ischemia (CMI) isan uncommon condition
associated with ahigh morbidity and mortality and the symptoms
may be nonspecific until late in the course of disease*?2.

The most common cause of CMI is atherosclerosis.
Involvement of the celiac, superior mesenteric, and inferior
mesenteric arteries at their originsis typical’®. We reported an
abnormal communication between the superior mesenteric
artery (SM1) and common hepatic artery (CHA) which caused
splanchnic hypoperfusion. To our knowledge, this entity has
not been reported previously in the literature.

CASE REPORT

The patient was a 36-year old woman who had complained of
severe postprandial abdominal pain and abdominal distention
for 9 mo. The pain was described as a severe, poorly localized
one radiating to the back. No fever, nause or vomiting,
hematochezia, or weight change was reported. She had no
history of previous trauma, abdominal surgery, hepatic or
pancreatic disease. Hematological and biochemical test results
on admission were asfollows: white blood cell count, 7 000/mm?
(normal, 4.0-10.0); hemoglobin, 13.4 g/dL (normal, 12.1-17.2);
platelets, 177 10%uL (normal, 150-400); total bilirubin, 0.36 mg/dL
(normal, 0.1-1.3); albumin, 4.6 g/dL (normal, 3.5-5.2); aspartate
aminotransferase, 29U/L (normd, 10-31); danineaminotransferase,
30 WL (normal, 10-31); amylase, 74 u/L. (normal, 0-90); lactate
dehydrogenase, 335 u/L (normal, 220-450).

On physical examination, pulserate was 84/min and arterial
blood pressurewas 110/70 mm Hg. Rectal examination revealed
no mass and the stool was hemoccult negative. Computerized

tomography of the abdomen, plain abdominal radiography and
upper endoscopy were normal. Abdominal ultrasonography
showed a dlightly enlarged liver with normal echo pattern and
communication between the common hepatic artery and
superior mesenteric artery (Figure 1). On Doppler ultrasound,
arterial flow was observed within this fistula (Figure 2). We
suspected CMI and consequently performed anjiography.
Celiac arteriogram reveal ed an abnormal fistulafrom the SMA
to the CHA and not any other arterial communications (Figure 3).

Figure 1 Sonogram showing a fistula (thin arrow) between
superior mesenteric artery (arrowhead) and common hepatic
artery (thick arrow).

Figure 3 Selective superior mesenteric artery angiography
showing a fistula between superior mesenteric artery and com-
mon hepatic artery.
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A small quantity diet with low fat content was adviced to
the patient who responded well to this measure and after one
month she was free of abdominal pain, and aso of abdominal
distension, hence we did not plan to perform surgery or
interventional radiology.

DISCUSSION

The major vascular supply of the bowel depends on the celiac,
superior mesenteric and inferior mesenteric arteries. The
superior mesenteric artery isthelargest of all the aortic branches
and carries over 10% of the cardiac output. Splanchnic
circulation was about 30% of the circulating blood volume*®.,

CMI is adisputatious diagnostic problem. Most patients
do not develop ischemic symptoms because of the abundant
collateral circulation of theseintestines. Usualy at |east two of
the three mesenteric arteries must be significantly stenotic
before symptoms devel oped!®.

Cladgically, postprandial abdomind pain, known as*intestinal
angina’, was almost invariably the principal symptom. Other
less consistent symptomsincluded bloating, flatulance, nause,
and variable changes in bowel habit!?89, Superior mesenteric
artery blood flow increased after ingestion of mealswith ahigh
fat content’®. Our patient reported significant crampy abdominal
pain after heavy meal, meanwhile consuming small and low fat
meal did not cause pain. The pathophysiological mechanismin
this case was an arterial abnormality which was an abnormal
communication between SM1 and CHA.. Under such acondition
blood perfusion became impaired. A higher blood pressurein
SMA could force flow towards CHA. Blood flow might be
sufficient to sustain resting metabolic needs, but after a heavy
mesl, however, splanchnic blood flow did not increase because
of this steal phenomenon.

A diagnosis of vasculogenic mesenteric ischemiawas made
on the basis of the clinical history and dupplex ultrasonography
findings. Other causes of abdominal pain were excluded. Large
majority of cases of colonic ischemiawere dueto non-occlusive
diseases’®, Other less common causes of CM| were vasculitis,
SLE, sick cell disease, hypercoagulable states, medications
(estrojen, danazol, vazopressin, gold, psychotropic drugs), and
cocaine abuse™Y,

Clinical presentations of the patient might depend on the
size and amount of blood flow through the fistula, ranging
from asymptomatic casesto overt intestinal ischemia

We suggested nutritional measures aiming at avoiding large
meals and reduction of long-chain fat content.

In apatient with an unexplaniable chronic abdominal pain,
after exclusion of common reasons, vascular abnormalities must
be suspected. Like in our case, there might be other abnormal
vascular communications, thus even in ayoung patient vascular
examinations might be necessary.
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Abstract

A 44-year-old woman developed jaundice and was diagnosed
as stage II of primary biliary cirrhosis (PBC). She showed
a severely high total cholesterol level. This article focuses
on atypical presentations of PBC and the need to test the
total cholesterol level of PBC patients.

Kanda T, Yokosuka O, Kojima H, Imazeki F, Nagao K, Tatsuno
I, Saito Y, Saisho H. Severe hypercholesterolemia associated
with primary biliary cirrhosis in a 44-year-old Japanese woman.
World J Gastroentero/ 2004; 10(17): 2607-2608
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CASE REPORT

A 44-year-old gentlewoman was admitted in August 1996 due
to afeeling of itching and jaundice. She had no special past
history, such as operation, blood transfusion, tattooing or illicit
drug use. Shedid not drink or smoke. There were no particular
familia histories such asliver disease or hyperlipidemia. The
patient had been on medication for hyperlipidemia, with adaily
intake of 10 mg of pravastatin sodium, 12 g of cholestyramine,
and 600 mg of ursodeoxycholic acid since one month earlier.
On admission, her height, body mass and body mass index
(BMI) were 154.5 cm, 46.0 kg and 19.3 kg/m?, respectively. Her
physical examination revealed mild anemia and jaundice.
Xanthomawas noticed around her eyes, but thickened Achilles
tendon was not seen on X-ray examination. Her liver and spleen
were not enlarged. There was no pretibial edemain her feet.
Blood test resultswere compatible with the picture of primary
biliary cirrhosis (PBC). The serum bilirubin level was57 mg/L
(norma 2-12mg/L), direct bilirubinwas42 mg/L (norma <3mg/L),
alkaline phosphatase was 2 362 |U/L (normal 115-359 |U/L),
and alanine aminotransferasewas 105 |U/L (normal 8-42 |U/L).
Prothrombin time was within normal limits at 11.8 seconds.
Platelet count was 277x10°L. Renal function was normal.
Ultrasound scan showed normal liver sizeand biliary treeswere
normal. There were no gallstones or ascites. Intimal medial
thickness (IMT) of the right common carotid artery did not
show any increase on high-resolution B mode ultrasonography.
Serology testsfor hepatitis B and C viruses were negative.
Anti-mitochondrial antibody (AMA) and anti-mitochondrial
M2 antibody were positive (x320) and 41.5 (normal <7). Anti-

nuclear antibody (ANA) and anti-smooth muscle antibody were
both negative. IgG and IgM were 27.42 g/L (normal 8.7-17 g/L)
and 11.89 g/L (normal 0.35-2.20 g/L ), respectively. Thyroid
gland functions were within normal limits at thistime.

Her serumtotal cholesterol level was13.90 g/L (normal 1.25-
2.20g/L),triglyceride1.12g/L (normal 0.35-1.50g/L ), high-dengity
lipoprotein (HDL) cholesterol 1.03 g/L (normal >0.40 g/L), and
blood glucose 1.03 g/L. She was positive for lipoprotein X.
L CAT was not detectable, compatible with Frederickson type
V hypercholesterolemia[apolipoprotein A-1 0.48 g/L (hormal
1.26-1.65g/L), A-11 0.24 g/L (normal 0.246-0.333g/L), B 1.44 g/L
(normal 0.66-1.01g/L), C-11 333mg/L (horma 15-38mg/L), C-1l|
342g/L (normd 26-46mg/L) and E450mg/L (normd 29-53mg/L)].

Liver biopsy showed no cirrhosis but revealed compatibility
with PBC stage I (according to Ludwig). Shewasre-started on
ursodeoxychalic acid at 900 mg/d and probucol a 500 mg/d. She
was diagnosed as subclinical hypothyroidism [TSH 11.5 plU/mL
(normal 0.35-4.94 plU/mL), free T3 1.45 pg/mL (normal 1.71-
3.71pg/mL) andfreeT48.2ng/L (normal 7.0-14.8ng/L)] in April
1999 and 0.05 mg/d of levathyroxine sodiumwasbegun. However,
her total cholesterol level remained quite similar to that before
trestment asin October 2000 it was still high (10.11g/L ).

DISCUSSION

In PBC patients, a hyperlipidemic state is often observed;
however, this caseillustrated an unusual presentation of severe
hypercholesterolemia. According to Talwalkar and Lindort™,
up to 85% of patients presented with hypercholesterolemia at
diagnosis. However, such a degree of hypercholesterolemia
was not observed in many cases. In fact, our survey of more
than 100 cases of PBC who visited our clinic revealed only this
onecasewith alevel of hypercholesterolemiahigher than 10 g/L.

Earlier cross sectional studiesreported higher levels of total
cholesterol and lower levels of HDL cholesterol in patients with
advanced disease compared with those in the earlier stages??.
On the other hand, Nikkilaet al." reported that reduced hepatic
synthesis and internal absorption in the termina stage of PBC
might lead to decreased total cholesterol levels. Although high
levels of lipoprotein X, comprised of nonesterified cholesterol
and phospholipids, were present in the serum of patients with
PBCP, our patient was at stage Il of early PBC, even if her
serumbilirubin level was57 mg/L. Hypothyroidism and subclinica
hyperthyroidism often caused hyperlipidemid®™. In our patient,
hypercholesterolemiadid not improveafter thyroid hormonetherapy.

In PBC, marked hyperchol esterolemia was not associated
with an excess risk of cardiovascular disease, whereas less
advanced patients with moderate hypercholesterolemia were
exposed to anincreased cardiovascul ar risk!®. Thereisno doubt
that areductionin serum cholesterol levelsin PBC patients could
be achieved with medical therapy!®?, so our patient continued
to be observed with medical therapy.

Inconclusion, wereport acase of severe hypercholesterolemia,
not familial, but associated with early-stage PBC. Further studies
of severe hyperchol esterolemia are warranted.
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Abstract

Cystic dystrophy of the duodenal wall is a rare condition
characterized by the development of cysts in heterotopic
pancreatic tissue localized in the duodenal wall. A 38-year-
old man was admitted to the hospital for abdominal pain
and vomiting after food intake. The diagnosis of acute
pancreatitis was initially suspected. Abdominal ultrasound
examination revealed thickening of the second portion of
duodenal wall within which, small cysts (diameter, less
than 1 cm) were present in the vicinity of pancreatic head.
The head of pancreas appeared enlarged (63 mmx42 mm)
and hypoechoic. Upper endoscopy and barium X-ray series
were performed revealing a severe circumferential
deformation, as well as 4 cm long stenosis of the second
portion of the duodenum. CT examination revealed multiple
cysts located in an enlarged, thickened duodenal wall with
moderate to strong post-contrast enhancement. We
suspected that patient had cystic dystrophy of duodenal
wall developed in the heterotopic pancreas and diagnosis
was confirmed by endoscopic ultrasound (EUS). Endoscopic
ultrasound (EUS) revealed circular stenosis from the duodenal
bulb onwards. A twenty megaHertz mini-probe examination
further showed diffuse (intramural) infiltration of duodenal
wall limited to the submucosa and muscularis propria of the
second portion of duodenum with multiple microcysts within
the thickened mucosa and submucosa. Patient was successfully
surgically treated and pancreatoduodenectomy was
performed. The pathological examination confirmed a
diagnosis of cystic dystrophy of a heterotopic pancreas.
Endoscopic ultrasonography features allow preoperative
diagnosis of cystic dystrophy of a heterotopic pancreas in
duodenal wall, with intraluminal 20 MHz mini probe sonography
being more efficient in cases of luminal stenosis.

Jovanovic I, Knezevic S, Micev M, Krstic M. EUS mini probes in
diagnosis of cystic dystrophy of duodenal wall in heterotopic
pancreas: A case report. World J Gastroentero/ 2004; 10
(17): 2609-2612
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INTRODUCTION

Themost common type of heterotopic tissuein the gastrointestinal
tract is pancreas. Pancreatic heterotopia is defined as the

presence of abnormally located (aberrant) pancreatic tissue
with no contact (vascular, neural, and anatomical) with the
normal pancreas, and possesses its own duct system and
vascular supply!*?. Heterotopic pancreatic tissue has been
found in several abdominal and intrathoracic |locations, most
frequently in the stomach (25-60%) or duodenum (25-35%).

Cystic dystrophy of the duodenal wall in heterotopic
pancreasisarelatively rareclinical disorder affecting young
men in particular'®. Diagnosis is usually suspected during
initial investigation of non-specific clinical symptoms such
as abdominal pain, duodenal obstruction and weight loss
and finally confirmed by imaging techniques, mainly
endoscopic ultrasound which localizes precisely cystsin
duodenal wall.

The purpose of this report was to present a case with this
anomaly and provide up-to-date literature review on thistopic.

CASE REPORT

A 38-year-old man who was admitted for clarification of severa
months of upper abdominal pain, vomiting after food intake
accompanied by aweight loss. The patient had no history of
alcohol abuse, and smoked 20 cigarettes per day. Physical
examination revealed tachypnea and tachycardia, and a blood
pressure 100/70 mmHg. There was abdominal tendernessin
upper abdomen. Hematological and blood bio-chemical tests
were performed (Tables 1, 2) showing a sevenfold increased
leve of ssrumamylase (625 U/L, range20-90 U/L) accompanied by
an elevated dkaline phosphatase, and markers of acute hepatocyte
injury such as alanine (AST) and aspartate aminotransferase
(ALT) andgamaGT. Bilirubin levelsremained normal. The urine
had a pH 6.5 and a specific gravity of 1.010. The sediment
contained 3-5 red cellsand 0-2 white cells per high-power field.
A diagnosis of acute pancreatitis was initially suspected.

Ultrasonographic examination reveal ed an enlarged steatotic
liver, no stonesin gd| bladder, and acommon bile duct diameter
of 8 mm with no signs of stone obstruction. Second portion
duodenal wall appeared thicker within which, small cysts
(diameter, lessthan 1 cm) were present inthevicinity of pancreatic
head. The head of pancreas appeared enlarged (63 mmx42 mm)
and hypoechoic.

An upper Gl endoscopy dso revedled a severe semispherical
deformation of second portion of duodenum without mucosal
lesions. Due to the stenosis the endoscope could not be passed
distal to upper duodenal flexure. Biopsy of the duodenal
mucosa detected moderate inflammatory changes (Figure 1).

A barium meal revedled asaverecircumferentia deformation,
aswell as 4 cm long stenosis of the second portion of the
duodenum (Figure 2).

We suspected that the patient had cystic dystrophy of
duodenal wall developed in the heterotopic pancreas which
washighly indicated by computed tomography and endoscopic
ultrasound (EUS).

CT examinations revealed multiple cysts located in an
enlarged, thickened duodenal wall with moderate to strong post-
contrast enhancement.

Endoscopic ultrasound (EUS) revealed circular stenosisfrom
the duodenal bulb onwards. Twenty megaHertz mini-probe
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examinations further showed diffuse (intramural) infiltration of
duodenal wall limited to the submucosaand muscularis propria
of the second portion of duodenum with multiple, very small
anechoic spots, like microcysts (Figure 3A, B). EUS did not
reveal any tumors of the pancreas.

MRI examinations showed a suspicious 6 cmx4 cm solid
and partly cystic tumor of processus uncinatus of pancreas.

The patient was successfully surgically treated and
pancrestoduodenectomy was performed (Figure 4). Pathological
examinations confirmed a diagnosis of cystic dystrophy of a
heterotopic pancreas (Figure 5).

Table 1 Hematologic tests

Variable Value Initial Repeated
tests stests
Hematocrit (%) 35-54 43 49.7
White cell count (X10°) 4.0-10.0 12.0 17.7
Differential count (%10°)
Neutrophils 1.4-6.5 4.3 2.8
Lymphocytes 1.2-34 5.6 2.8
Monocytes 0.1-0.6 2.1 11
Prothrombin time (% quick) 75-120 114 115

Table 2 Blood bio-chemical tests

Figure 3 A: EUS image of diffusely thickened duodenal wall.

Variable Initial test  Repeated test B: EUS image of multiple microcysts in diffusely thickened
Sodium (mmol/L) 132 148 duodenal wall.
Potassium (mmol/L) 2.5 4.6

Chloride (mmol/L) 75 107

Urea nitrogen (mmol/L) 9.4 2.8

Creatinine (umol/L) 80 57

Glucose (mmol/L) 8.5 4.3

Bilirubin (umol/L) 13 13

AST (U/L) 50 153

LT (U/L) 93 217

Alkaline phosphatase (U/L) 361 980

Alpha amylase (U/L) 627 354

Figure 4 Surgical specimen of resected duodenal wall:
Macrocysts in the thickened wall.

Figure 1 Endoscopic image of the stenotic postbulbar duodenum.

Figure 5 Irregular pseudocystic change in myofibroblastic
stromal proliferation is considered as common histological
findings in this lesion (HE, 112x).

DISCUSSION

The pancreas devel ops from two primitive diverticula, dorsal
and ventral, that arise from the duodenum and the base of the
liver, respectively, in the fifth week of gestation. During the
Figure 2 Severe circumferential deformation, as well as 4 cm long seventh week, thetwo primordiafuse. Theventral portion gives
stenosis of the second portion of the duodenum on X-ray series. riseto part of the head of the pancreas and the uncinate process,
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and the dorsal portion becomesthe body. In more than half the
cases of pancreatic heterotopia, pancreatic tissue has been
located in the duodenum or the pylorus but other sites have
also been involved?.

Pancreatic heterotopia can devel op dueto either metaplasia
of multipotent endodermal cellsin situ or transplantation of
embryonic pancreatic cellsto adjacent structures?. Heterotopic
pancrestic tissues may be found in the mucosaor the muscularis
or may be attached to the serosa of the gastrointestinal tract.
Heterotopic pancreatic tissues that lack both acinar and
endocrine cells have been called myoepithelial hamartoma,
adenomyosis, or adenomyoma. Despite its congenital origin,
pancreatic heterotopiawas usually discovered in adults due to
its complications®™. Most frequently it was found incidentally
during autopsies, operations or during endoscopic examinations
of the upper Gl tract!®. The occurrence rate of heterotopic
pancreas in autopsy series was estimated to be about 0.55% to
13.79647,

Despite many advances of new diagnostic tools and
methods, the diagnosis of heterotopic pancreas prior to surgery
isdtill difficult. Heterotopic pancreas is usually asymptomatic
and doesnot requiretreatment (i.e. surgical excision). However,
sometimes, there were evident clinical symptomd®. The most
common symptoms attributed to heterotopic pancreas were;
abdominal pain, nausea, vomiting, anemia, weight loss and
melena®. Rare manifestations and complications of heterotopic
pancreas included acute and chronic pancreatitis'?, biliary
obstruction, intestinal obstruction, cystic dystrophy and
malignant degeneration>t%12,

The differentia diagnosis of a cystic dystrophy of heterotopic
pancreas includes disorders in three broad categories:
inflammatory lesions, neoplasms, and congenital anomalies.

Complications of pancreatic heterotopia usually include
inflammation with a formation of an inflammatory mass,
ulceration, bleeding and obstruction with clinical manifestations
of acute and chronic pancreatitis. Chronic pancreatitis with
mucinous metaplasia of the ductal epithelium can further be
complicated by prominent exudation of mucin into the stroma,
mimicking mucinous carcinoma®3,

The most challenging differential diagnosis of cystic
dystrophy of heterotopic pancreas is cystic (mucinous)
neoplasms. It has been demonstrated that pancregtic carcinomas
or endocrine tumors can a so develop in heterotopic pancreatic
tissuel**®®, In this case, CT findings are non-specific.
Endoscopic and upper Gl barium X-ray series can reveal
duodenal stenosis and submucosal masses if there are no
mucosal lesions and biopsies from the lesions cannot always
provide a representative tissue specimen. The introduction of
endoscopic ultrasonography (EUS) makes the diagnosis of
cystic dystrophy of the duodenal wall in heterotopic pancreas
easier®®, Furthermore, endoscopic ultrasonography isardliable
method providing preciselocdization, extent and characteristics
of the submucosal mass, making possible to differentiate it
from all other causes of stenosis such as tumor and pancreas
annulare'?,

However, although thereis good correlation between EUS9,
computer tomography (CT) and nuclear magnetic resonance
(NMR) findings with histological changes'”®, the definite
diagnosisis often made only from surgical excision.

The treatment of this disease is controversial. There are
reports of successful treatment with long-acting somatostatin
synthetic stable analog™?. In some 40% of patients reduction
in cyst size could be accomplished after three months of
treatment(*®!, But, on the other hand, octreotide/anal og
treatment was of a limited value regarding already formed
stenosis of the duodenum (in regards to persistent duodenal
stenosis)?24, Furthermore, the necessary duration of treatment
has not been established yet.

Ponchon et al. offered an alternative to surgical treatment
for endoscopic fenestration of cysts, but that approach was
feasible only for cases where cysts were fewer, not dispersed
and relatively larger in sizéd?2.

Despite the encouraging attempts to treat cystic dystrophy
of duodenal wall in heterotopic pancreas with conservative
approaches, the treatment is still primarily surgical 20212324,

Moreover, thereisadifficult therapeutic dilemma: if such a
lesion should be treated by duodenopancreatectomy or limited
locdl excision?

Regarding the surgical procedures, there were data that
conservative surgical proceduresincluding sesgmental duodenal
resection could be an alternative approach to the Whipple
procedure?!, but in other cases of pancreatic surgery, they
were associated with a consi derable morbidity and mortality!?29,
and should be reserved for specialized centers?.

In conclusion, we demonstrated a rare case of cystic
dystrophy of heterotopic pancreas in duodenal wall. Cystic
dystrophy of aberrant pancreatic tissue can be either isolated
or asin our case associated with acute pancrestitis and duodenal
stenosis. Although the condition is benign, clinical symptoms
vary and patients are usually referred for suspected pancreatic
neoplasms or acute pancreatitis. Endoscopic ultrasonographic
features allow preoperative diagnosis of cystic dystrophy of a
heterotopic pancreasin duodend wall, with intralumina 20 MHz
mini-probe sonography being more efficient in cases of luminal
stenosis.
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Abstract

AIM: To assess CT and MR manifestations and their diagnostic
value in splenic hamartoma with review of literatures.

METHODS: We described a woman who was accidentally
found to have a splenic tumor by ultrasound of the abdomen.
CT and MR findings of this splenic hamartoma were proved
by pathology retrospectively.

RESULTS: The CT and MR findings in this case included a
ball-like mass with homogeneous mild-hypodensity lesions
on non-enhanced CT scans or isointensity on T;-weighted
images and mild hypointensity on T,-weighted images,
progressive homogeneous enhancement on multiple-phase
spiral CT and MR enhanced scans, and isodense enhancement
on delayed post-contrast CT scans and obvious hyperintensity
relative to the spleen on delayed MR images.

CONCLUSION: Splenic hamartoma has some specific
radiological features. However, the diagnosis of this disease
must be based on clinical features and confirmed by pathology.
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INTRODUCTION
Splenic hamartomaisarare benign vascular tumort. Up to now,

less than 50 cases in Chinese literature or about 160 casesin
the world have been reported after the first description by
Rokitansky in 1861.

Imaging features of splenic hamartoma have been described
by severd researchers at computed tomography (CT), magnetic
resonance imaging (MRI) and sonography!> and the imaging
appearance of these lesionsis considered as nonspecific and a
histopathological confirmation is often required®*Y,

This paper described the CT and MRI features of splenic
hamartomain a40-year-old patient with review of theliterature.

CASE REPORT

A 40-year-old woman was accidentally diagnosed having a
splenic tumor by ultrasound of the abdomen. She did not
complained about fever, fatigue, abdominal pain, or weight loss
was complained. She denied any history of hepatitis or
tuberculosis. Physical examination was entirely normal. There
was no evidence of jaundice, peripheral lymphadenopathy or
hepatosplenomegaly. Her hemoglobin was 125 g/L, the number
of white blood cellswas 7.3x10%L and the number of platelets
was 176x10%L. Both stool and urinate routine tests and hepatic
and rend function testswerenormal. Chest x-ray wasasonormal.

Spird CT of the abdomen before contrast medium administra:
tion revedled a 3.8-cm diameter, homogeneous mild-hypodensity
lesion within the spleen (Figure 1A). During hepatic artery phase
following bolusinjection of intravenous contragt, the lesion showed
adightly homogeneousenhancement (Figure 1B). During theportal
venous phase and hepatic parechyma phase, the leson showed a
progressively homogeneous enhancement. On delayed images up
to 5 min after-contrast injection, the tumor was isodense with the
spleen (Figure 1C). CT diagnosiswas asplenic hemangioma.

MRI of the abdomen showed a 3.6 cmx3.8 cmx4.2 cm ball-
like mass with isointensity on T;-weighted images (Figure 2A)
and mild hypointensity on T,-weighted images (Figure 2B). The
lesion demonstrated a diffuse heterogeneous enhancement on
images obtained early after contrast medium administration
(Figure 2C) and became more uniformly enhanced on the portal
venous phase and hepatic parechymal phase. It was hyperintense
compared to the spleen on the delayed images (Figure 3). The
MR examination yielded adiagnosis of splenic hemangioma. A
4.0-cm diameter tumor wasfound in the spleen during operation.
The pathol ogic diagnosis was a splenic hamartoma (Figure 4).

Figure 1 CT scans of splenic hamartoma. A: Homogeneous mild hypodensity lesion within the spleen found by unenhanced CT
scan, B: Mild-homogeneous enhancement of the mass found by enhanced CT scan on hepatic artery phase, C: Isodense tumor with

normal spleen on delayed enhanced CT images.
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Figure 2 MR images of splenic hamartoma. A: Round-like mass with isointensity relative to the spleen on MR T;-weighted
images, B: Mild-hypointense mass on MR T,-weighted images, C: Diffuse heterogeneous enhancement of mass by enhanced MR

scan on early portal venous phase.

Figure 3 Obviously hyperintense tumor with normal spleen
on delayed enhanced MR images.

Figure 4 Red marrow tissue and some blood sinusoid struc-
tures with lymphocytes and macrophages in hamartoma. Fi-
brosis was remarkable. (HE, original magnificationx100).

DUSCUSSION
Hamartoma of the spleen is a rare benign lesion and the
diagnosisisdifficult to make preoperatively. Histologically itis
composed of an aberrant mixture of the normal tissue
components of the spleen, so hamartoma of the spleen is often
called splenoma, splenadenoma or nodular hyperplasia??.
Splenic hamartoma occurs most commonly in adults. About
14.3% of the reported cases of splenic hamartomaoccurred in
pediatric patientd'?. Most patients were asymptomatic, they
were incidentally found during imaging studies, laparotomy
or autopsy'?®. Our case was accidentally discovered by
ultrasound examination of the abdomen. Symptomatic splenic
hamartoma was rare but nearly half of splenic hamartoma
pediatric patients had symptomg*2. A minority of theselesions
had hematol ogic symptoms such as pancytopenia, anemia, and
thrombocytopenial'?€, Spontaneously ruptured splenic
hamartomanhasbeen reported”*¥, Symptomeatic splenic hamartoma
with renal, cutaneous abnormalities or portal hypertension and

heterotopic ovarian splenomawere described accidentally™>2Y,

A few radiological findingsin splenic hamartoma have been
described?®l, Sonography was a more sensitive modality than
CT in demonstrating the lesion, which showed hyperechoic
masses with cystic components ocasionally!?. But hypoechoic
splenic mass was found and color Doppler sonography showed
blood-flow signals inside the mass in a recent report!. CT
could reveal splenomegaly and homogeneous or heterogeneous
low-density or isodense masses with calcification'?54 or fatty
components, which are characteristic CT findings. Dense
spreading enhancement on dynamic CT and prolonged
enhancement on delayed post-contrast scans were noted in
singular mass®. But low-density masses relative to the spleen
were seen in multiple splenic hamartomas after contrast medium
administrationi?, The CT findings in this case were similar to
those in Ohtomo'’ s report®, which included a homogeneous
mild-hypodensity lesion on non-enhanced scans, aprogressive
homogeneous enhancement on multiple-phase spiral CT
enhanced scans and an isodense enhancement on delayed
post-contrast scans.

Therewere two typesof MRI findingsin splenic hamartomas,
fibrous and non-fibrous splenic hamartomas. Histopathologically,
fibrous splenic hamartomas had a dominant fibrous tissue and
MRI showed isointensity or hyperintensity on T;-weighted
images, hypointensity on T,-weighted images®7. We consider
hypointensity on T,-weighted images is one of the common
MRI findings in splenic hamartomas. Non-fibrous splenic
hamartomas are more common and MRI showed isointensity
on T-weighted images, hyperintensity on T-weighted imageds®.
Both of the tumors demonstrated diffuse heterogeneous
enhancement on the hepatic artery phase or early dynamic
contrast-enhanced scans, which became more uniformly
enhanced on delayed imaged®°®. This case belonged to fibrous
type and the MRI findings were similar to those in Fernandez-
Canton’ s report besides obvious hyperintensity relative to the
spleen on delayed images®. We agreewith that diffuse progressive
enhancement and prolonged enhancement werethe characteristic
radiological findings®.

In short, the following clinical features and radiographic
findings may suggest the diagnosis of splenic hamartomas: (1)
asymptomatic and incidental findings in adults; (2) possible
associ ation with hematol ogic symptoms such as pancytopenia,
anemia, and thrombocytopenia or spontaneous rupture of
splenic mass; (3) plenic mass with calcification or fatty
components on plain CT, and isointensity on T;-weighted
images, heterogeneous hyperintensity or hypointensity on T,-
weighted images; (4) dense spreading enhancement and
obviously prolonged enhancement on postcontrast CT and
MRI. Though splenic hamartomas have some clinical and CT
features, thefina and exact diagnosis depends on histopathol ogic
examination.
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Splenic haemangioma should be differentiated from splenic
hamartomad®. They have similar clinical and radiological
findings. But the latter is manifested by splenic mass with
cacification or fatty component on plain CT. Thelesions appear
isointense on T;-weighted images, heterogeneous hyperintense
or hypointense on T,-weighted images. CT and MRI can
demonstrate diffuse enhanced lesions on the hepatic artery
phase or early dynamic contrast-enhanced scans. The typical
CT and MRI features of the former include early peripheral
nodular enhancement, hypointensity on T,-weighted images
and homogeneous hyperintensity on T,-weighted images. Rare
calcification and no fatty component of splenic haemangioma
areseenonplain CT. Inaddition, spleniclymphomaand metastases
were aso considered to be different from splenic hamartomag®®.
Most of splenic lymphomas are multiple, secondary lesions
and often have extra-splenic lymphoma. Splenic metastases
usually have a history of primary extra-splenic malignant
neoplasms and hepatic metastases. Both splenic lymphoma
and metastases seldom have dense spreading enhancement or
prolonged enhancement on post-contrast CT and MRI.
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Abstract

AIM: To analyze the clinicopathological features of Brunner’s
gland adenoma of the duodenum.

METHODS: A rare case of Brunner’s gland adenoma of the
duodenum was described and related literature was reviewed.

RESULTS: Brunner’s gland adenoma of the duodenum
appeared to be nodular hyperplasia of the normal Brunner’s
gland with an unusual admixture of normal tissues, including
ducts, adipose tissue and lymphoid tissue. We suggested
that it might be designated as a duodenal hamartoma rather
than a true neoplasm.

CONCLUSION: The most common location of the lesion is
the posterior wall of the duodenum near the junction of its
first and second portions. It can result in gastrointestinal
hemorrhage and duodenal obstruction. Endoscopic polypectomy
is a worthy treatment for benign Brunner’s gland adenomas,
as malignant changes in these tumors have never been proven.

Gao YP, zZhu ]S, Zheng WJ. Brunner’s gland adenoma of
duodenum: A case report and literature review. World J
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INTRODUCTION

Brunner’s gland adenoma, also known as Brunneroma or
polypoid hamartoma, isarare, benign, proliferativelesionarising
from the Brunner’s glands of the duodenum, accounting for
10.6% of benign tumors of the duodenum. The time patients
are usudly asymptomatic and lesionsare discovered incidentally.
Theselesions manifest occasionally asarare cause of duodenal
obstruction or upper gastrointestinal hemorrhage, and require
surgical excision. Thisarticle reports acase of Brunner’ sgland
adenoma, and reviewshriefly itsclinica presentations, pathological
features and therapy.

CASE REPORT

A 32-year-old Chinese man complained of two episodes of
melenas and atwo-month history of vague epigastric discomfort.
The patient had in October 2001 his first tarry stool episode
without nausea, vomiting and epigastralgia. Endoscopic
examination revealed a mild ulcer in the duodenal bulb. The

symptomswererdieved by antacidsand H, blockers. Hereported
however another tarry stool in September 2002 and complained
about epigastric pain without nausea and vomiting during the
preceding 2 mo. Antacids were taken and the pain was relieved.
Vital sgnswere normal and no anemiawas reported when hewas
admitted. The physical examination had no unremarkablefinding.
The abdomen was soft without palpating pain and jumping pain.

However, X-rays barium radiological examination of the
upper gastrointestinal in October 2002 revealed a nodular,
polypoid-filling defect mass measuring 3 cmx2.5 cm with a
smooth surface and no ulceration in the duodenal bulb. A
tumor was suspected. Follow-up endoscopy disclosed a
lobulated, red-color tumor, occupying the anterior wall of the
bulb. The surface of the tumor was smooth with mild depression
at the top. The mucosa had no erosions and ulcers. Multiple
biopsy specimenswere taken and interpreted as“ mucosal mild-
medium atypia.” CT scanwashegative. A preoperative diagnosis
of malignant tumor was made and the patient prepared for
operation. On October 25, 2002, at the time of operation, a
peduncul ated polyp on ashort broad-based galk, 3.5 cmx3cmx2 cm
insize, wasfound in the anterior wall of the duodenal bulb. The
common bile duct was normal. Thelesion was amputated at the
base of the stalk.

The resected specimen showed alobulated, polypoid mass
measuring 3.3 cmx2.5 cmx2.5 cm projecting into the duodenum.
The stalk wasmeasured 1.8 cmin diameter and 0.5 cmin length.
The tumor was completely enveloped by theintact thin duodenal
mucosa. The surface of the tumor was smooth without erosions
and ulcers. The cut surface of tumor had a gray-red or gray-
yellow color, revealing lobules. The consistency was moderate.
On microscopic examination, the tumor was composed of
hyperplasiaof Brunner’ sglands. The hyperplasiaformed lobules
that were separated by intervening bands of fibrous tissue,
adipose tissue, ducts and well devel oped aggregated lymphoid.
No sign of malignancy wasfound in the hyperplasia, Brunner’'s
glands as well asthe surrounded duodenal mucosa. Thefrozen
sections and the final pathologic diagnosis were assessed as
Brunner’s gland adenoma. The patient had an uneventful
postoperative course and was discharged on the tenth postoperative
day. He hasremained symptom free ever since and no episode
of recurrent melenas has been reported.

DISCUSSION

Besides the duodenal gland, the duodenum has Brunner’s
glands under the mucin. Its structure and function are similar
to glands of the pylorus. Brunner’s glands secrete an alkaline
fluid composed of viscous mucin, whose function appears to
protect the duodena epithelium from acid chymeof the stomach.
Brunner’ sglands consist of submucosal mucin-secreting glands
located exclusively in the duodenum. They extend from the
pylorus distally for avariable distance, usually stopping at the
first and second portions of the duodenum, and less often
stopping at the third and fourth portions.

In 1688 Brunner gave a precise anatomic description of the
duodenal submucosal glands and coined the term * pancreas
secundarium.” 1n 1846 Middeldorpf correctly identified these
glandsasaseparate entity, which he proposed be named Brunner’s
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glands. Salvioli reported the first adenoma of Brunner’s gland
in 1876. Since then, 150 cases or so have been reported in
literature of English language?.

The etiology of Brunner’ s gland adenoma remains obscure.
It tends to present predominantly in the fifth and sixth decades
of man'’ slifewith no sex predominance. It has been found athough
thesize of adenomamight extend from 1-12 cm, itisgeneraly 1-
2 cmin diameter’®, The most common location for thelesioniis
the posterior wall of the duodenum near the junction of itsfirst
and second portions. Brunner’s gland adenoma was rarely
found extending to the proximal jejunum.

Brunner’s gland adenoma has fallen into two categories:
symptomatic tumors and asymptomatic onesthat are only found
incidentally. Symptomatic tumors can further be divided into
hemorrhagic and obstructive tumors. Theclinical manifestations
of the former are gastrointestinal hemorrhage, dueto ulceration
or eroson of thetumor. Obstructivetumorsoccur when hyperplasia
diffuses or asingle adenomagrowstoo large, causing epigastric
bloating, discomfort, vomiting or weight loss. Duodenal
intussusception has been reported only in two patients?,
probably because of the fixation of duodenum to the posterior
abdominal wall. There are also reports about patients who
complained of diarrhea owing to duodenal motor disturbances®.

Preoperative histological diagnosis at present is not always
easy. In X-rays barium examination, the findings are often
nonspecific because thereis usually a sessile or pedunculated
polypoid-filling defect in the duodenal bulb. Some doctors hold
that hypotonic duodenography should play a vital role in
establishing the diagnosis and should be treated as the best
method to check the surface of the lesion. Endoscopy has an
additional function in diagnosing and treating Brunner’ sgland
adenoma, since it can verify the histological diagnosis and
remove the tumor simultaneously. Endoscopic pinching biopsy
however usually gave a negative result because the tumor was
almost covered entirely with thick intact duodenal mucosain
the biopsy sites and the biopsy was often not deep enough to
reach the submucosa tumor tissug®. In our case, the endoscopic
biopsy was negative, and the condition was diagnosed as chronic
gastritis, athough the final pathologic diagnosisindicated that
the patient suffered from Brunner’ sgland adenoma. CT examination
appeared to be unrevealing.

Pathomorphological features of Brunner’s gland are
characterized by the presence of nondysplastic, lobulated

Brunner’sglands. Itshyperplasiaisdivided into diffusehyperplasia,
nodular hyperplasia and adenomatous hyperplasia with or
without erosion or ulcer. In our opinion, the unusually admixture
of normal tissues, including Brunner’s glands, ducts, adipose
tissue, and lymphoid tissue, supports the designation of these
lesions as a hamartoma or nodular hyperplasia rather than a
true neoplasm. It is atumor without malignant predisposition.
Themalignant typeisrare. Fujimaki et al. reported recently one
patient with afocus atypical gland™.

Itistill controversia whether asymptomatic Brunner’ sgland
adenoma found incidentally needs surgical removal. Some
people think that it needs no treatment, whereas others hold
that it should undergo endoscopic excision in order to prevent
complications. There have been several reports?4 that Brunner's
gland adenoma could giveriseto acute profuse bleeding, which
results in shock of patients. Symptomatic Brunner’s gland
adenoma, in our point of view, usually needs surgical treatment.
Whenthetumor issmall or pedunculated, endoscopic polypectomy
isthefirst choice. Open surgical excision isreserved for cases
wheresnaring hasfailed or when tumor istoo large. The outcome
of operation isusually excellent and thereis no recurrent ever
reported.
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