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Abstract

The development of proteomics technologies has
lead to a great deal of effort being focused on the
identification of biomarkers for cancers. Although
many papers have reported candidate biomarkers for
hepatocellular carcinomas (HCCs) in particular, so far
none of these candidate biomarkers have been used
either for diagnosis or therapy intreating patients.
The question remains: Can proteomics identify real
biomarkers for HCCs?

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

During the past decade, proteomic technologies, inclu-
ding mass spectrometry, have developed considerably, and
have been extensively applied to many fields of science,
including medicine and pharmacy, as well as industry and
agriculture. In the field of medicine in particular, a huge
number of reports on the topic have been published.
Above all, much effort has gone into proteomic analyses
of tissues, cells and sera from cancer patients. The
purpose of these studies has been the identification of
biomarkers which could provide the development and
identification of diagnostic and therapeutic targets for
cancers. Many research labs and large pharmaceutical
companies have been actively searching for new and
effective biomarkers of cancers. Most applications use
expression proteomics to determine expression profiles
of proteins in tissues, cells and sera during normal or
diseased states.

PROTEOMIC BIOMARKERS FOR
HEPATOCELLULAR CARCINOMAS

Hepatocellular carcinoma (HCC) is the third most deadly
cancer, and about one million patients with HCC die
each year. Despite remarkable advances in diagnostic and
therapeutic techniques, the incidence of HCC continues
to increase. While some papers on the proteomic
analysis and discovery of molecular diagnostic markers
for the diagnoses against HCC have been reported“’q],
no complete molecular diagnostic markers specific to
HCC have been revealed by proteomics.

February 27,2010 | Volume 2 | Issue 2 |
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So far, many proteins have been reported as candidates
for new diagnostic biomarkers, and as therapeutic targets
for HCC by proteomics from HCC tissues" >, They are
classified as (1) digestive enzymes, (2) growth factors, (3)
cell adhesion molecules, (4) calcium-binding proteins,
(5) proteases, (6) protease inhibitors, (7) transporter
proteins, (8) structural molecules, (9) proteins related to
cell growth, (10) proteins related to cell differentiation,
(11) proteins related to cell transformation, (12) proteins
related to tumor invasion, (13) apoptosis inhibitors, (14)
proteins related to carcinogen metabolism, (15) molecular
chaperone, and (16) others. However, up to now,
unfortunately none of them have been able to be used
for diagnostic purposes because of their sensitivity and

specificity.

AUTOANTIBODIES AS BIOMARKERS

Although detection for autoantibodies as diagnostic
markers in cancer patients’ sera is useful, not many
reports associating them with HCC have been published.
Le Naour ¢f a/”" identified autoantibodies reaction to
calreticulin isoforms, cytokeratin 8, cytokeratin 18,
creatine kinase B, HSPG0, nucleoside diphosphate kinase
A and F1-ATP synthase beta-subunit. Takashima e# /*”
identified their reaction to HSP70, peroxiredoxin and
Mn-SOD. Their sensitivity seems to be high, but their
specificity is still not great enough.

METABOLOMIC BIOMARKERS FOR HCCS

Nowadays, in order to identify dramatically increased or
decreased metabolites in cancer tissues, metabolomic
profiling analyses have been used. Wu ez al” and Xue e
al assayed endogenous metabolome in urine and sera
from HCC patients using chemical derivatization followed
by gas chromatography/mass spectrometry respectively,
and many metabolites were shown to be significantly
different between the HCC and control groups.

CONCLUSION

To exclude false positive biomarkers for hepatocellular
carcinomas (HCCs), we need high specific biomarkers
which show as increased biomarkers solely in HCCs, and
not in hepatitis as well. Many reports have shown such
high specific biomarker candidates, unfortunately they
are still not enough.

Much time may still be needed for the identification
of real biomarkers for HCC.
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Abstract

Cholangiocarcinoma, arising from bile duct epithelium,
is categorized into intrahepatic cholangiocarcinoma (ICC)
and extrahepatic cholangiocarcinoma (ECC), including
hilarcholangiocarcinoma. Recently, there has been a
worldwide increase in the incidence and mortality from
ICC. Complete surgical resection is the only approach
to cure the patients with ICC. However, locoregional
extension of these tumors is usually advanced with
intrahepatic and lymph-node metastases at the time of
diagnosis. Resectability rates are quite low and variable
(18%-70%). The five-year survival rate after surgical
resection was reported to be 20%-40%. Median survival
time after ICC resection was 12-37.4 mo. Only a small
number of ICC cases, accompanied with ECC, gall
bladder carcinoma, and ampullary carcinoma, have
been reported in the studies of chemotherapy due to
the rarity of the disease. However, in some reports,
significant anti-cancer effects were achieved with a
response rate of up to 40% and a median survival of
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one year. Although recurrence rate after hepatectomy
is high for the patients with ICC, the residual liver and
the lung are the main sites of recurrence after tentative
curative surgical resection. Several patients in our study
had a long-term survival with repeated surgery and
chemotherapy. Repeated surgery, combined with new
effective regimens of chemotherapy, could benefit the
survival of ICC patients.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Cholangiocarcinoma, arising from bile duct epithelium,
is categorized into intrahepatic cholangiocarcinoma
(ICC) and extrahepatic (ECC), including hilar cho-
langiocarcinoma. ICC, more than 90% of which is
" is the second most, but relatively
rare, common primary liver cancer after hepatocellular
carcinoma, accounting for 5%-10% of the primary
malignancies of the liver™. Recently, there has been a

adenocarcinoma
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Survival rate (%) and MST

Authors Year No 1-yr 3-yr 5-yr MST (mo) Significant prognostic factors for survival
Okabayashi 2001 60 68 85 29 19.6  Number of nodules, lymph-node involvement, vascular invasion, symptomatic tumor
Chen 1999 48 355 205 16.5'
272 88 78
DeOliveira 2007 44 40 28 Surgical margin
Palik 2008 97 749 518 311 Number of nodules, surgical margin
Inoue 2000 52 63 36 36 18 Surgical margin, lymph-node involvements, vascular invasion
Valverde 1999 30 86 2 22 28 Number of nodules, lymph-node involvements
Madariaga 1998 34 67 40 35 19 Number of nodules, surgical margin
Shimada 2007 94 695 355 311 24 Number of nodules, surgical margin, lymph-node involvements
Weber 2001 33 55 31 374  Vascular invasion

'Data from intrahepatic cholangiocarcinoma patients with hepatolithiasis; *Data from intrahepatic cholangiocarcinoma patients without hepatolithiasis;

MST: Median survival time.

worldwide increase in the incidence and mortality from
ICC, although the incidence and mortality from ECC are
decreasing[4’5]. There has also been an increasing number
of reports on the surgical treatment of ICC. Complete
(RO) surgical resection is the only therapy for the cure of
ICC patients. However, the resectability rate is still low
and the prognosis following hepatectomy is poor, because
the locoregional extension of these tumors is usually
advanced with intrahepatic and lymph-node metastases
at the time of diagnosis[()]. Although only a small number
of ICC cases, accompanied with also ECC, gall bladder
carcinoma, and ampullary carcinoma, have been reported
in the studies of chemotherapy due to the rarity of the
disease,several reports have demonstrated significant anti-
cancer responses for ICC using new agentsP’SJ. Recently,
the treatment strategy for colorectal carcinoma (also
adenocarcinoma) has been dramatically altered in the
combination of surgery and chemotherapy with new anti-
cancer agents, such as CPT-11 and oxaliplatin™'”. There
is a need of considerations to improve the therapeutic
approaches for ICC. It has been reported that ICC may
include two pathologically and biologically different types
of tumors, peripheral mass-forming (usually hepatitis-
based) tumor and central periductal-infiltrating tumor
without hepatitism’lz].

In this article, the outcomes of the treatment with
surgery and chemotherapy for ICC patients are reviewed
and future prospects are discussed.

SURGICAL RESECTION

Currently, surgical resection of the involved liver seg-
ments is the only curative treatment for ICC. However,
resectability rates have been quite low and variable
(18%-70%), as most patients present at an advanced stage.
Surgery has been successful in several reported series,
with a 1-year survival rate of 35%-86%, 3-year survival
of 20%-52%, and 5-yeat sutrvival of 20%-40%. In our
institute, 44 patients with ICC underwent hepatectomy by
2006 and their 3-, 5- and 10-year survival rates after the
first hepatectomy were 51%, 29% and 22%, respectively.
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Disease-free survival at 5 years varied significantly -bet-
ween 2% and 41%. Median survival after ICC resection
was 12-37.4 mo"""?. Some of these studies report
that peri-operative mortality was less than 5%, which is
recently decreasingm’lz’151 (Table 1).

Since there is a limited number of patients in most
reports of ICC cases few studies have specifically ad-
dressed surgical resection outcomes compared with
non-operative treatment. Based on the available studies,
surgery should be performed in patients with potentially
resectable ICC regardless of its stage. DeOliveira e7 al™
emphasized the importance of performing a complete
resection because the 5-year survival rate among their 44
patients was 63% and the median survival was 80 mo in
patients who could achieve an RO resection. Nakeeb ¢z 2/
demonstrated that resection was beneficial; and the
S5-year survival was 44% and median survival was 26 mo
in those who underwent resection versus 0% and 7 mo,
respectively, in patients without surgical resections.

Indicators of poot prognosis noted in two or more
studies included positive lymph nodes, positive margins,
multiple nodules, vascular invasion, and large tumor size.
Other indicators included capsular invasion, histological
type, tumor spreading type, bilobar disease, mucobilia,
left side involvement, and high CA 19-9IHIHIOI22H - Chen
et al'¥ also reported that patients with hepatolithiasis
had higher rates of resection, and higher incidence of
papillary tumors and postoperative complications, but
no difference in survival was noted when compared with
patients without hepatolithiasis. In a study of 33 patients,
the recurrence rate was 61% at 12.4 mo. Liver was the
most common site of recurrence, followed by the lung,
lymph nodes, and bone™*”,

In summary, surgical resection of the liver is the only
curative treatment with a 5-year survival rate of around
30% and a median overall survival of 2-3 years for ICC
patients. Strong prognostic factors after hepatectomy
are number of nodules, surgical margin, and lymph-
node involvement. Thus, further investigations should
be carried out about the treatment for the recurrence
after surgery and for patients with factors indicating poor

prognosis.
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CHEMOTHERAPY

There are not so much evidences for the evidence-based
evaluation of the chemotherapeutic efficacy for ICC
patients. Only a small number of ICC cases , accompanied
with extrahepatic cholangiocarcinoma, gall bladder
carcinoma, and ampullary carcinoma, have been reported
due to the rarity of the disease. There are also a variety of
factors, which influence the effect of chemotherapy and
complicate the evaluation, such as control of cholangitis,
liver function and performance status, except for tumor-
related factors. In this article, studies in biliary tract
carcinoma, including ICC, are reviewed.

To date, only two small randomized controlled tri-
als have been published for biliary tract carcinoma”*".
An randomized controlled trial on chemotherapy and
supportive treatment was conducted in patients with
unresectable biliary tract cancer and pancreas cancer”’.
In this study, fluorouracil (5-FU) + leucovorin or 5-FU
+ leucovorin + etoposide wete used for chemotherapy.
For all the patients, significantly prolonged survival
was observed in the group with chemotherapy [median
survival time (MST), 6.0 mo] compared with the
group with supportive treatment alone (MST, 2.5 mo).
However, due to the small number of patients with biliary
tract cancer (37), no significant difference was found
between the groups (chemotherapy group MST, 6.5 mo;
supportive treatment group 2.5 mo; P = 0.1). The rate
of improvement in quality of life was also examined in
this trial, and a significant difference was found in the
chemotherapy group compared with the suppotrtive
treatment group (36% »s 10%; P < 0.01).

The single use of fluoropyrimidines such as 5-FU, or
a combination of 5-FU with interferon, leucovorin, or
hydroxyurea as biochemical modulators, was often used
for advanced biliary tract cancer™ ", The response
rates ranged from 7% to 34% and MST ranged from 6
to 14.8 mo with the combined use of 5-FU and these
modulators. However, no difference was observed in
survivals of patients with chemotherapy including 5-FU
for unresectable biliary tract cancer and patients who
received best supportive care.

Since 1999, clinical trials have been conducted with
gemcitabine™ ™. Although methods of administration
are varied, relatively good results are reported. The
response rates ranged from 0% to 36% and MST ranged
from 4.6 to 14.0 mo. Toxicity-induced myelosuppression,
such as leucopenia, as well as nausea and anorexia, was
mainly observed, although they were well tolerable.

A clinical trial of tegafur/gimeracil/oteracil pot-
assium (8-1), which is an oral anti-cancer drug consisting
of tegafur as a prodrug of 5-FU, 5-chloro-2, 4 dihy-
droxypyridine and potassium oxonate, was conducted in
Japanl4z’431. In a late phase II trial, a favorable result was
reported, with a response rate of 35% and MST of 9.4
mo in 40 patients.

Some reports used mitomycin C, cisplatin, taxanes,
and irinotecan (CPT-11)""*) which showed a response
rate of around 10% and MST of 4.5-6.1 mo.
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For biliary tract cancer, since the chemotherapeutic
effects are limited with a single agent, many modalities
of combined chemotherapy have been carried out"*,
Compared with single-agent chemotherapy, the response
rate of combined chemotherapy is generally high and
the survival period is also inclined to be long, Although a
regimen of combined 5-FU, anthracycline and platinum
has often been employed, no standard regimen has been
established. An attempt at a regimen focusing on the use
of gemcitabine is currently being made and a favorable
result has been achieved, with the response rate of
28%-38% and MST of 4.6-11.0 mo in patients treated
with gemcitabine + cisplatin[“’() I

Therapeutic drugs targeting molecular biological
characteristics (molecular targeting therapy) are now also
under development. In view of a report suggesting the
strong expression of epithelial growth factor receptor
(EGFR) in biliary tract cancer, a phase II trial using
erlotinib, an EGFR-inhibiting drug, is being carried out
(response rate 8% and MST 7.5 mo)™ (Table 2).

In summary, recent advancement facilitates the che-
motherapy to achieved a response rate of around-30%
and a median survival of more than one year for ICC
patients. Key drugs currently available for the therapy are
gemcitabine, fluoropyrimidines, and platinums. Further
investigations are required for the development of new
agents, such as molecular-targeting drugs, and combined
therapy with surgery.

POSSIBLE SUBTYPES OF ICC AND THEIR
CHARACTERISTICS

Two studies categorized the ICC into subtypes and co-
mpared their prognoses. Shimada ez al™! categorized ICC
into two types according to the classification of the Liver
Cancer Study Group of ]apan[m: Mass-forming and mass-
forming periductal-infiltrating types, which occurs with a
definitive mass but also causes infiltration along the portal
pedicle and bile ducts. The mass-forming periductal-
infiltrating type was associated more with jaundice, bile
duct invasion, portal invasion, lymph node involvement,
and positive surgical margins. In their study of 74 patients,
those with mass-forming ICC had less local recurrence
(76.1% s 92.9%) and a significantly higher median survival
(32 »s 22 mo) than those with mass-forming periductal-
infiltrating ICC. Aishima ez al™ classified 87 patients into
hilar ICC and peripheral ICC and noted that hilar ICC
was more likely to be associated with perineural invasion,
lymph node metastases, and extrahepatic recurrence.
1-, 3-, and 5-year survival rates of the peripheral ICC
patients were 88%, 72% and 60% compared with 66%,
41% and 36%, respectively, in the hilar ICC patients. The
incidence of ICC has increased steadily over the past few
decades and viral hepatitis, chronic liver disease, and fatty
liver disease have been identified as possible contributing
factors. Similar to the increased incidence of HCC in the
last decade from the epidemic of hepatitis C, ICC may
occur from viral hepatitis and metabolic syndrome-related
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Agents n RR (%) PFS (M) MST (M) Authors Year
Gemcitabine
1000mg/ m?, 30-min infusion 25 36 6.9 Gallardo 2001
24 125 2.5 7.2 Lin 2003
40 17.5 2.6 7.6 Okusaka 2006
Fluoropyrimidine
Capecitabine 26 19 8.1 Patt 2004
S-1 19 21 3.7 8.3 Ueno 2004
S-1 40 BA5 87 9.4 Furuse 2008
Others
Docetaxel 24 20 6.0 8.0 Papakostas 2001
CPT-11 36 8 2.7 6.1 Alberts 2002
Erlotinib 42 8 2.6 7.5 Philip 2006
Gemcitabine + fluoropyrimidine
Gem/5FU 27 33 3.7 53 Knox 2004
Gem/5FU/LV 30 20 3.7 4.7 Hsu 2004
Gem/5FU/LV 42 12 4.6 9.7 Alberts 2005
Gem/ capecitabine 45 31 7.0 14.0 Knox 2005
Gem/ capecitabine 45 32 6.0 14.0 Cho 2005
Gemcitabine + platinum
Gem/cisplatin 30 37 41 4.6 Doval 2004
Gem/ cisplatin 40 28 47 8.4 Thongprasert 2005
Gem/cisplatin 29 35 3.0 11.0 Kim 2006
Gem/cisplatin 27 33 5.6 10.0 Park 2006
Gem/ oxaliplatin 33 33 5.7 154 Andre 2004
Gem/ oxaliplatin/bevacizumab 26 29 7.6 Clark 2007
Fluoropyrimidine + platinum
Capecitabine/ oxaliplatin 65 20 6.5 12.8 Nehls 2006
S-1/cisplatin 51 30 48 8.7 Kim 2007

RR: Response rate; PFS: Median progression-free survival; ST: Median overall survival; FU: Fluorouracil.

liver disease™. There are some reports that suggest the
relationship between chronic hepatitis and peripheral
mass-forming ICC™. These facts may indicate that ICC
includes two different types pathologically and biologically:
Peripheral mass-forming type (usually hepatitis-based)
and central periductal-infiltrating type without hepatitis.
However, further investigations ate needed.

LONG-TERM SURVIVAL WITH REPEATED
SURGERY AND CHEMOTHERAPY

Although the results of surgical resection for ICC patients
with lymph node metastases are thought to be especially
poort, the outcome of hepatectomy for these patients
i1s comparable to that for patients without lymph node
metastases in our seties.

Forty-four patients with ICC, including 13 patients
with lymph node metastases, underwent hepatectomy
before 2006 in our institute. The survival rates of those
patients after first hepatectomy are 51%, 29% and 22%
for 3, 5 and 10 years, respectively. The survival rates of
the patients with and without lymph node metastases are
42% and 51% for 3 years, and 28% and 29% for 5 years,
respectively. There was no significant difference in the
sutvival curves between groups. However, 11 out of 13
patients with lymph node metastases have recurrences
after first hepatectomy (7 in residual liver; 2 in lung, lymph
node, each; and 1 each in bone, brain, peritoneum). Five
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patients with lymph node metastases and 11 patients
without lymph node metastases actually survived more
than 3 years, and 4 of those 5 patients with lymph node
metastases underwent repeated surgery for recurrences
in the residual liver or the lung. Three of them also
underwent adjuvant and/or neo-adjuvant chemotherapy.
One patient who underwent four hepatectomies and 1 pul-
monary resection combined with chemotherapy survived
6 years and 9 mo'"”,

We also examined the results of 12 consecutive pati-
ents with unresectable advanced biliary tract carcinoma,
including 8 patients with ICC in the other series of our
patients. They were treated with first-line chemotherapy
of S1/cisplatin combined with surgical resection and
second-line chemotherapy of gemcitabine. MST of the
patients was 15.9 mo. With S1/cisplatin therapy, 6 patients
had a partial response based on the Response Evaluation
Criteria in Solid Tumors guideline and 4 had a stable
disease. Two patients with surgical resection after the
therapy survived more than 4 years'”

FUTURE PROSPECTS

Surgical resection is the only therapy for the cure of
ICC patients. However, current resectability and pro-
gnosis after hepatectomy are not satisfactory. Further
investigations should be conducted about the treatment
for the recurrence after surgery and for patients with poor

February 27,2010 | Volume 2 | Issue 2 |



Morise Z et al. Intrahepatic cholangiocarcinoma treatment

prognostic factors, such as multiple tumors and lymph-
node metastases.

Although the recurrence rate after hepatectomy is

still high for the patients with ICC, the residual liver
and the lung are the main sites of recurrence. Repeated
surgery for the lesions could contribute to the survival
of the patients with recurrences. Combined repeated
surgeries and new effective regimens of chemotherapy
could facilitate ICC patients for a long-term survival,
even though without complete cure.
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Abstract

Occult hepatitis B virus (HBV) infection was shown to
be present in 75% of Black Africans with hepatocellular
carcinoma (HCC) in whom the tumor was hitherto
not thought to be caused by chronic HBV infection.
The association between chronic HBV infection and
the development of the tumor is thus even closer
than was originally thought. HBV viral load was found
to be significantly higher in patients with HCC than
in Black African controls. As in other populations,
HBV e antigen-positive patients with hepatocellular
carcinoma had significantly higher viral loads than
patients negative for this antigen. The significance of
this finding is discussed. The risk for HCC development
with genotype A of HBV, the predominant genotype in
African isolates, has not been investigated. Genotype
A was shown to be 4.5 times more likely than other
genotypes to cause HCC in Black Africans, and tumours
occurred at a significantly younger age. Increasing
numbers of patients with human immunodeficiency
virus (HIV) and HBV co-infection are being reported to
develop HCC. A preliminary case/control comparison
supports the belief that HIV co-infection enhances
the hepatocarcinogenic potential of HBV. A study from
The Gambia provides the first evidence that dietary
exposure to aflatoxin B: may cause cirrhosis and that
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this may play a contributory role in the pathogenesis
of aflatoxin-induced HCC. An animal model has
provided experimental support for the clinical evidence
that dietary iron overload in the African is directly
hepatocarcinogenic, in addition to causing the tumor
indirectly through the development of cirrhosis.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Sub-Saharan Africa is one of three geographical regions
where hepatocellular carcinoma (HCC) occurs very
commonly. The high incidence of the tumor is confined
to the Black population of the sub-continent. Published
incidences of HCC in sub-Saharan Africa underestimate
its true incidence because in many instances the tumor is
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cither not definitively diagnosed or is not recorded in a
cancer registry.

A number of differences exist between HCC that
occurs in sub-Saharan Africa and that seen in other parts
of the world. The tumor generally presents at a younger
age in African Blacks than it does in the populations of
industrialized countries, and the male preponderance
is more striking. Rural and rural-born Blacks have a
higher incidence of the tumor than do urban-born
Blacks. Although the prognosis of HCC is poor in all
geographical regions, it is especially grave in African
Blacks, in whom the annual fatality ratio of the tumor is
0.97. The fibrolamellar variant of HCC is rare in Aftrican
Blacks.

Chronic hepatitis B virus (HBV) infection is the
predominant cause of HCC in sub-Saharan Blacks,
accounting for the great majority of the cases. The
infection is almost always acquired in early childhood,
usually by horizontal transmission of the virus. Recently
infected and hence highly infectious young siblings or
playmates are most often the source of the infection.
Perinatal transmission of the virus plays a lesser but still
important role. Rural and rural-born children and adults
have a higher incidence of chronic HBV infection than
do their urban counterparts. Chronic hepatitis C virus
(HCV) infection is a less common cause of HCC in sub-
Saharan Africa. Patients with HCV-induced tumors are
generally about two decades older than those caused by
HBYV and the gender and rural-urban differences are less
obvious. HCV and HBV act synergistically in causing
HCC in African Blacks. Another important risk factor
for the tumor in sub-Saharan Africa is prolonged heavy
dietary exposure to the fungal toxin, aflatoxin Bi (AFB1),
and there is a strong synergistic interaction between this
toxin and HBV in causing the tumor. Heavy exposure to
AFB1 is virtually confined to rural areas. More recently,
another important cause of HCC in African Blacks has
been recognized. Originally referred to as Bantu visceral
siderosis, the term dietary iron ovetload in the African
is now preferred. Consumption of large volumes of
a home-brewed traditional beer that has a high iron
content is the cause of the condition, although a genetic
predisposition may play a role. Over time, the resulting
hepatic iron overload may be complicated by HCC
development.

Some aspects of the recent progress in understanding
the etiology and pathogenesis of HCC in African Blacks
are summarised in this review.

OCCULT HBV INFECTION AND HCC

During recent years occult HBV infection has emerged
as an important and challenging entity. It is defined as
the presence of HBV DNA in low concentration in
liver tissue of individuals whose serum persistently tests
negative for HBV surface antigen with conventional
serological assays, but in whom HBV DNA is usually
but not invariably detectable in their serum using highly
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sensitive molecular assaysm. When detectable in the serum,
the amount of HBV DNA is usually very low (< 200
IU/mL). On the basis of the profile of HBV antibodies
in serum, occult HBV infection may be divisible into
seropositive (anti-HBc and/or anti-HBs positive) and
seronegative (anti-HBc and anti-HBs negative)m.

Because HBV infection is endemic in sub-Saharan
Aftrica and chronic overt infection with this virus is the
major cause of HCC in African Blacks, it is necessary
to know the prevalence of occult HBV infection in
this population and to ascertain if it plays a role in the
aetiology of the tumor. Although early studies had hinted
that low concentrations of HBV DNA in the serum
of African Blacks with HCC may be undetected by
conventional serological tests” ™ occult HBV infection
was first documented in this population in 2001". The
few studies published subsequently have indicated that
occult HBV infection occurs in an additional 0.6% to 1.7%
of sub-Saharan Blacks"® over and above the average
prevalence of overt HBV infection of 8% to 109%™

Because human immunodeficiency virus (HIV) is
also endemic in sub-Saharan Africa and co-infection
between this virus and HBV occurs in as many as 17%
of the Black population[“’m, the prevalence of occult
HBYV infection in HBV/HIV co-infected individuals
has recently been investigated. In the first study, a
retrospective analysis of sera stored in a routine diagnostic
laboratory, 5 of 15 HIV-positive individuals had occult
HBYV infection compared with none of 31 HIV-negative
individuals"”. In the second study, 4.8% of a large cohort
of HIV-positive individuals had overt HBV infection and
a further 7.4% had occult infection”.

Sixty to 70% of African Blacks with HCC are overtly
infected with HBV at the time the tumor is diagnosed[g’m].
The relative risk of HBV carriers developing HCC
ranges from 9 to 23371
being at greater risk of tumor formation than their older

, with young Blacks carriers

Counterpartsm]. The occurrence of occult HBV infection
in HCC in southern African Blacks has recently been
investigatedm. A sensitive polymerase chain reaction
(PCR) assay was used to amplify the DNA of the surface
and precore/core genes from the serum of patients
with HCC that was known to be negative for HBsAg
but positive for HBV antibodies. Positive bands were
confirmed by nucleotide sequencing. Surface gene HBV
DNA was detected in a single PCR assay in 48.4% of the
patients. Because of the known variability of the results
of PCR assay at low concentrations of HBV DNA™?!,
a second assay was done, which increased the positivity
rate to 57.7%. Two further assays increased the rate to
75.7%. A less sensitive PCR assay, of the precore/core
region, yielded corresponding positive results in 23.7%,
32.2%, and 52% of the patients. The study concluded
that seropositive occult HBV infection was present in
the majority of African Black patients with HCC without
overt HBV infection, and that the causal association
between chronic HBV infection and HCC might therefore
be even closer than was previously believed.
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This study did not address the question of whether
or not occult HBV infection per se causes malignant
transformation of hepatocytes. In early studies of Afri-
can Blacks with HCC the presence of HBV DNA as
well as HBV RNA, indicating viral transcription, was
demonstrated in the tumor tissue of some patients whose
serum was negative for HBsAng’4J. With hindsight, this
finding suggests that occult HBV infection might play
a role in the pathogenesis of HCC in African Blacks.
However, further investigation of the molecular genesis
of the tumor and prospective molecular epidemiological
studies in patients with occult HBV infection will be
required to prove or disprove such a role!".

HBV LOADS IN HCC

A number of host-specific variables and viral character-
istics of chronic HBV infection are known to influence
the risk of HBV-induced HCC. These include HBV e
antigen (HBeAg) status, the presence of chronic necro-
inflammatory hepatic disease (particularly cirrhosis),
gender and age, as well as viral load and genotypes and
possibly subgenotypes of the virus. The availability during
recent years of laboratory techniques that accurately
quantitate the number of HBV particles in the serum
of infected individuals has provided the opportunity to
evaluate more fully the role of viral load in the patho-
genesis of HCC. Long-term follow-up studies of HBV
carriers in Taiwan, China, and Japan have shown that
past high viral loads correlate with an increased risk of
progression to malignant transformation™". This risk
is influenced by a number of variables, including HBeAg
status”" genotypem, male gendermj, and possibly agem].

HBV-induced HCC in African Blacks differs from that
in other populations in certain ways and these might either
influence the viral load or be the result of differences in
the viral load. To date, a single study of past HBV viral
loads and involving only 14 Senegalese subjects has been
reported in African Black patients with HCC™. The
difficulty in performing meaningful long-term follow-
up studies in southern African Blacks with chronic HBV
infection precludes the possibility of directly determining
the role played by past viral load in predicting the risk of
malignant transformation in these individuals. In a recent
attempt to partly circumvent this obstacle, viral loads
measured by real-time PCR assay in a cohort of southern
African Black male patients with HBV-induced HCC
were compared with those in a cohort of asymptomatic
Black male carriers of HBV™. The mean value of the
viral loads in the HCC patients was appreciably higher
than that in the asymptomatic controls. Of the HCC
patients, 62% had viral loads greater than 1 X 105 copies
per mL and 87% loads greater than 1 X 104 copies per
ml, compared with 15% and 49.6%, respectively, of the
carriers. Therefore, almost all of the HCC patients and
one-half of the carriers had high viral loads.

As in other populations studied previously, HBeAg-
positive HCC patients had significantly higher viral loads
than HBeAg-negative patients. Of the HBeAg-positive
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patients, 84% had copy numbers per mL of greater than 1
X 105 and 96% greater than 1 X 104, compared with 57%
and 85%, respectively, in the HBeAg-negative patients.
Thus, although the values were lower in the HBeAg-
negative patients, the majority of these patients had high
viral loads. This finding may be relevant to the observation
that African Black carriers of HBV seroconvert from
HBeAg-positivity to negativity at a far earlier age than
occurs in other populations (only 5% are positive in
adulthood compared with 40% or more in Chinese
carriers™™) and yet are at high risk of developing HCC.
Support for an association between HBeAg-negativity and
the development of HCC in African Blacks, and perhaps
other populations, is provided by the observations that a
proportion of anti-HBe-positive European carriers retain
high serum levels of HBV DNAP™ and that in a small
series of Taiwanese patients HBeAg-negativity was shown
to correlate with high viral loads and an increased risk of
HCC, albeit a lesser risk than that associated with HBeAg-
positivitym. The few Senegalese patients in whom viral
loads were measured in the eatlier study were equally likely
to be HBeAg-positive and anti—HBe—positive[ZSl although,
in a multivariate analysis, HBeAg-positivity alone carried
an increased risk of HCC development. This finding is
similar to the experience in Taiwanese patients in whom
high viral loads in HBeAg-positive but not in anti-
HBe-positive patients carried an increased risk of HCC
development™,

No differences in viral loads were found in relation
to age, gender, or genotype in the African Black HCC
patients. African Black and Chinese patients with HCC
are often younger than their counterparts in industrial-
ized countries. Little is known about the role of viral
load in HBV-induced HCC occurring at a young age'”,
although one recent study from Taiwan reported that
HCC patients younger than 40 years of age had lower
HBV DNA levels than older patientsm. Despite the fact
that male gender is one of the factors associated with an
increased risk of HCC, studies on viral loads have either
been comprised of men only or have not commented on
any differences between the genders with respect to viral
loads. Correlation between genotypes and viral loads
has been performed in a single study only. Genotype C,
particularly Ce, was shown in Taiwanese and Chinese
patients to carry a greater risk of HCC development and
to be associated with higher viral loads than genotype
B8

Long-term follow-up studies are needed in Black
African populations to further assess the role of past
HBYV viral loads as a risk factor for the subsequent
development of HCC. A long-term study of chronic
carriers of HBV is well advanced in The Gambia and
should provide the required information in due course.

INCREASED HEPATOCARCINOGENIC

POTENTIAL OF HBV GENOTYPE A
HBYV is composed of 8 genotypes (A to H), each differing
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from the others by a total nucleotide diversity of at least
8%, Subgenotypes, each differing from the others by
a total nucleotide diversity of at least 4%***, have been
described for 6 of the genotypes. The genotypes have
different geographical distributions™*? and are proving
to be an invaluable tool in tracing the molecular evolution
and spread of HBV. Functional differences between the
genotypes at the translational level may influence the
course and severity of the disease caused and its response
to treatment ™", In regions where HBV is endemic
and HBV-induced HCC common, recent evidence for
differing risks of tumor development between the gen-
otypes has emergedww. The eatly studies in this regard
concerned patients infected with genotypes B, C, or D.

Genotype A predominates in southern Africa, con-
stituting approximately 70% of isolates, with genotype
D accounting for most of the remainder (approximately
20%)142’507521. Genotype A comprises 3 subgenotypes, Al,
A2, and A3 with A1l predominating in southern
Africa. No studies of the hepatocarcinogenic potential
of genotype A have been published until recently, and
in the only study of genotype D Thakur and co-workers
concluded that this genotype may predict the occurrence
of HCC in young HBV cartiers™

In a recent study of the hepatocarcinogenic potential
of genotype AP the genotype and subgenotype patterns
in unselected southern African Blacks with HBV-induced
HCC were compared with those in apparently well chronic
carriers of the virus matched for sex and approximately
for age. The genotyping method of Lindh ez al” was used
to discriminate between the genotypes and an ‘in-house’
restriction fragment length polymorphism pattern assay
between the subgenotypes[szl. Genotype A was shown to
be present in 86.5% and genotype D in 8.1% of the HCC
patients compated with genotype A in 68.5%, genotype
D in 23.4% and genotype E in 2.7% of the carriers.
Based on these findings, the relative risk for developing
HCC in the patients with genotype A (compared with
those with genotypes other than A) was calculated to be
4.5 (95% confidence limits 1.86; 10.9). Not only were
African Blacks infected with genotype A at greater risk of
developing HCC than those infected with other genotypes
(mainly genotype D), but they also did so at a significantly
younger age (mean age 39.0 = 1.4 compared with 45.4 *
4.2 yr). Subgenotype Al was present in all of the HCC
patients infected with genotype A and also in all but one
of the controls with this genotype.

Although evidence for the hepatocarcinogenic po-
tential of genotype A in African Blacks is now available,
further studies on the hepatocarcinogenic potential of the
A subgenotypes are needed.

INCREASING OCCURRENCE OF HCC IN
HIV/ACQUIRED IMMUNODEFICIENCY
SYNDROME (ADIS) PATIENTS CO-
INFECTED WITH A HEPATITIS VIRUS

Chronic infection with HIV alone does not cause HCC
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in humans®*J. HIV is transmitted in similar ways to

HBYV and HCV, and co-infection between HIV and
HBV or HCV is common in clinical practiceIS(”S”. Since
the introduction of highly active antiretroviral therapy
(HAART) for HIV/AIDS, increasing numbers of
patients co-infected with HIV and HCV or HBV have
been reported to develop HCCP*** One plausible
explanation for this observation is that the considerably
longer survival of patients now treated with HAART
compared with those who eatlier had received largely
ineffective anti-retroviral drugs allows sufficient time
for hepatitis virus-induced HCC to develop[M]. Another
possible explanation is that the immune deficiency
caused by HIV infection results in higher HBV viral
loads, which are known to increase the risk of malignant
transformation of hepatocytes (see section on HB1” viral
loads and HCC). Alternatively, co-infection with HIV
may directly enhance the hepatocarcinogenic potential
of the hepatitis viruses. In this regard, the observation
in transgenic mice that HIV 7af protein expressed
constitutively in the liver enhances the effect of a number
of carcinogens'™ and results, after a long latency, in a
high incidence of HCc™ may be relevant. Moreover, the
tat-binding protein interacts with HBV X gene, which is
thought to play an important role in the pathogenesis of
HBV-induced HCC, in such a way as to regulate HBV
transcriptionw, and the HBV X protein induces HIV-1
replication and transcription in synergy with 7a¢ protein
and T-cell activation signals[()s].

A retrospective analysis of the occurrence of HCC
in HIV/AIDS patients with hepatitis virus co-infection
before the HAART era would be of limited use because
of the brief survival of these patients at that time, and
a prospective study of the development of the tumor
in HIV/AIDS patients with dual infection receiving
or not receiving HAART is ethically unacceptable. A
case/control compatison of the occurrence of HIV in
patients with hepatitis virus-induced HCC with that in
matched asymptomatic cartiers of hepatitis virus might,
however, provide some information in this regard.

In a recent such study the prevalence of HIV co-
infection in a cohort of southern African Black patients
with HBV-induced HCC from the time before HAART
became available to these patients was compared with that
in a cohort of age- and sex-matched apparently healthy
Black carriers of HBV from the same time period'®.
HIV-1/HIV-2 antibodies were found to be present
significantly more often in the HCC patients than in the
controls. The prevalence of HIV in the carriers was in
keeping with prevalences recorded in the South African
Black population at that time™". This observation is
compatible with the belief that HIV co-infection enhances
the hepatocarcinogenic potential of HBV. However,
relatively few HCC patients and controls were included
in this study, and further and more comprehensive inv-
estigation into a possible hepatocarcinogenic interaction
between these two viruses is needed.

Because the molecular genesis of HBV-induced and
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HCV-induced HCC differs”" an interaction between
HBYV and HIV in the development of HCC does not
mean necessarily mean that a similar interaction would

occur with HCV-induced HCC.

AFB1 EXPOSURE AND HCC

Cirrhosis, whatever its cause, is a premalignant condition.
In most parts of the world 80% to 90% of HCCs occur
in patients with underlying cirrhosis. The proportion
of African Black patients in whom the HCC arises
in a cirrhotic liver is generally less than that in other
populations but is still high. Of the major risk factors for
HCC in sub-Saharan Africa, HBV, HCV, and dietary iron
overload are all capable of causing cirrhosis. Short-term
heavy dietary exposure to AFB1, the other major causal
association of the tumor in sub-Saharan Africa, causes
severe acute hepatic necrosis (acute aflatoxicosis), which
is often complicated by acute hepatic failure and a fatal
outcome. However, long-term exposure to the fungal
toxin has not hitherto been thought to cause chronic
necroinflammatory hepatic disease in the form of
chronic hepatitis or cirrhosis. Cirrhosis has therefore not
been incriminated in contributing to the pathogenesis of
AFBi-induced HCC.

A recent study from The Gambia provides the first
evidence that this may not be true. Kuniholm™ and co-
workers used an ultrasound-based method to diagnose
the presence of cirrhosis in 97 Black Africans. A score of
at least 7 out of a possible 11 points on the ultrasound-
based scale was the criterion for the diagnosis of cirrhosis.
This method has a 77.8% sensitivity and 92.5% specificity
in comparison with liver biopsy in identifying cirrhosis
in HBV-infected patientsm’m. Three hundred and ninety
seven individuals with no evidence of liver disease and
a normal serum AFB1 concentration served as controls.
Long-term exposure to AFB1 was assessed in the patients
with cirrhosis and the controls on the basis of two
observations: A history of lifetime groundnut (peanut)
intake or the finding in the serum of a genetic marker
of heavy exposure to AFB1, the 249™ p53 mutation. An
increased relative risk of cirrhosis development of 2.8
(95% confidence interval 1.1-7.7) was calculated using
a history of life-time dietary intake of groundnuts as
the criterion for significant exposure, and of 3.8 (95%
confidence interval 1.5-9.6) using the finding of the 249™
P53 mutation in serum as the criterion, allowing for the
possible confounding effect of HBV and HCV infection
in each instance. A synergistic interaction between AFBi
intake and HBV infection in the development of cirrhosis
was also shown. If confirmed, this finding will provide
the first evidence that cirrhosis may play a contributory
role in the pathogenesis of AFBi-induced HCC.

Because contamination of staple crops by Aspergilius
species occurs both during growth of the crops and as
a result of their improper storage, attempts at primary
prevention of AFBi-induced HCC must be directed to
minimizing both sources of fungal contamination.
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The likelihood of contamination during storage is
increased by excessive moisture and any form of damage
to the crops.

The success of postharvest intervention measures
has recently been demonstrated in a study carried out on
subsistence farms in the lower Kindia region of Guinea,
West Africa”. Farms from 20 villages were included,
10 of which implemented a package of postharvest
measures to restrict AFB1 contamination of the gro-
undnut crop, and 10 followed the usual postharvest
practices. Intervention measures included hand sorting
of the groundnuts to identify and discard those that
were visibly mouldy or had damaged shells; sun drying
of the groundnuts on natural fibre mats rather than
directly on the earth to lessen contact with damp soil
and to facilitate gathering in the event of unexpected
rain; complete sun-drying of groundnuts confirmed
by shaking the kernels to listen for free movement of
dried nuts; storage in natural fibre bags rather than
plastic bags (which increase humidity); storing the
groundnuts on wooden pallets rather than the floor and
in well-ventilated, rain-proof storage facilities to reduce
humidity; sprinkling of insecticides on the floor of the
storage facilities to minimise insects, which produce
humidity via metabolic activity, and spread the fungal
spotes.

The concentration of AFBi-albumin adducts in the
serum of 600 people was measured immediately after
harvest and at 3 and 5 mo postharvest. In the control
villages the adduct concentration increased from a mean
of 5.5 pg/mg postharvest to 18.7 pg/mg 5 mo later.
By contrast, in the intervention villages after 5 mo of
storage the adduct concentration (7.2 pg/mg) was much
the same as that immediately postharvest (8.0 pg/mg).
At 5 mo 2% of the people in the control villages had
non-detectable adduct concentrations compared with
20% of those in the intervention villages.

Thus, simple, low-technology, and inexpensive
practices can result in a striking decrease in exposure
to AFB1. Provision of the means to improve storage
facilities and training of subsistence farmers in their use
will be required for these interventions to be successful
on a wide scale in resource-poor countries.

DIETARY IRON OVERLOAD IN THE
AFRICAN AS A CAUSE OF HCC

Dietary iron overload occurs in several sub-Saharan
African countties, where it may affect as many as 15% of
Black adult males”. The liver is the main organ of iron
storage and high hepatic iron concentrations, comparable
with those in the genetically determined iron storage
disease, Hemochromatosis gene (HFE) hereditary
hemochromatosis, result from the consumption over
time of large volumes of home-brewed beer rich in iron.
The high iron content results from the preparation of
the beer in iron pots or drums, the iron leeching from
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the container into the contents as a result of the very
low pH generated during the process of fermentation.
This iron is in an ionized, highly bioavailable form.
The condition is more common in rural areas, where
approximately 80% of the African Black population lives
and where about two-thirds of adult males consume the
traditional beverage. A genetic predisposition allowing
an increased absorption of dietary iron in the presence
of increased body iron stores is very likely to play a role
in the pathogenesis of the condition, although a putative
gene has yet to be identified.

Dietary iron overload is complicated by hepatic
fibrosis and cirrhosis (in 58% and 10% of patients,
respectively). In the eatly literature the excessive hepatic
iron storage was not considered to be a cause of HCC,
and no animal model of iron overload-induced HCC was
produced. However, between 1996 and 1998 three large
studies pathological or clinical concluded that African
dietary iron overload was associated with an increased
risk of malignant transformation of hepatocytes” .,

This observation has recently been supported by
the induction of HCC in Wistar albino rats fed an iron-
supplemented diet™. In the animal model, the iron
accumulated in hepatocytes and macrophages, a pattern
similar to that seen in African dietary iron ovetload, and
by 16 mo the animals wete heavily iron overloaded. At
20 mo iron-free altered hepatic foci were present in many
of the animals, and by 28 mo these foci had become
more plentiful and had changed in character, becoming
indistinguishable from the iron-free preneoplastic nodules
described by Deugnier and colleagues in patients with
HFE hereditary hemochromatosis who went on to
develop HCC™. The nodules had clear-cut boundaries,
showed an expansive pattern with thickened trabeculae
in a deranged pattern causing compression of the
surrounding parenchyma, small and large cell dysplasia,
and iron-positive intracytoplasmic globules. Further evi-
dence of a proliferative prenecoplastic lesion was provided
by positive staining for placental glutathione sulphydryl
¥ Moreover, the nodules showed additional
features that would be considered dysplastic in the
human liver, namely, an increased nuclear/cytoplasmic
ratio and Mallory-like inclusions™. HCC was seen at 32
mo. Neither fibrosis nor cirrhosis was present in the rat
livers, indicating that excessive hepatic iron can be directly
hepatocarcinogenic.

The mechanisms by which excess iron induces ma-
lignant transformation of hepatocytes have yet to be fully
characterized. The most important mechanism appears to
be the generation of reactive oxygen species and oxidative
stress, which leads to lipid peroxidation of unsaturated
fatty acids in membranes of cells and organellesmj.
Cytotoxic by-products of lipid peroxidation, such as
malondialdehyde and 4-hydroxy-2’-nonenol, are produced
and these impair cellular function and protein synthesis,
and damage DNA. Deoxyguanosine residues in DNA
are also hydroxylated by reactive oxygen intermediates to
form 8-hydroxy-2’-deoxyguanosine, a major promutagenic

transferase
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adduct that causes G:C to T:A transversions and DNA
unwinding and strand breaks.

Subsequent studies in the same animal model have
shown a synergistic interaction between iron overload
and exposure to AFB;™!
of alcohol™ in hepatic mutagenesis.

and iron overload and ingestion
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Abstract

AIM: To evaluate the direct binding of two main
chlamydial biovars (C. trachomatis and C. pneumoniae)
to plasma lipoproteins and its effect on chlamydial
infection rate in human hepatoma cell line (HepG2
cells).

METHODS: Murine plasma lipoproteins were fra-
ctionated and isolated using fast-performance liquid
chromatography (FPLC), spotted on nitrocellulose
membrane and incubated with chlamydial suspensions.
Direct binding of chlamydial particles to lipoprotein
fractions has been studied using lipopolysaccharide-
specific antibodies in immuno-dot blot binding assay and
immunoprecipitation analysis. Immunostaining protocol
as well as flow cytometry analysis have been employed
to study the infectivity rate of chlamydial species in
HepG2 cells.

RESULTS: Elementary bodies of both C. frachomatis
and C. pneumoniae bind ApoB-containing fractions
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of plasma lipoproteins. That binding becomes stron-
ger when heat-denatured FPLC fractions are used,
suggesting a primary role of apolipoproteins in inter-
action between chlamydial particle and lipoprotein.
Both chlamydial biovars efficiently propagate in human
hepatoma cell line - HepG2 cells even in serum free
conditions forming late-stage inclusion bodies and
releasing extracellular elementary bodies. Preincubation
of C. trachomatis and C. pneumoniae with native ApoB-
containing lipoproteins enhances the rate of chlamydial
infection in HepG2 cells.

CONCLUSION: A productive infection caused by C.
trachomatis and C. pneumoniae may take place in
human-derived hepatocytes revealing hepatic cells as
possible target in chlamydial infection. Obtained results
may suggest the participation of lipoprotein receptors
in the mechanism of attachment and/or entry of
chlamydial particles into target cells.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Although plasma constituents are known to have an
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enormous impact on the initiation, development and
outcomes of many infections, the role of plasma lipopro-
teins in the pathogenesis of infectious diseases remains
pootly understood. However, at least in case of bacterial
sepsis, the severity and clinical manifestation of the
disease largely depends on the plasma lipoprotein profile
of patients. Survival rate in bacterial sepsis is higher in
hypercholesterolemic individuals presumably due to ability
of plasma lipoproteins to scavenge lipopolysaccharide
from the infected cells'". High density lipoproteins are
considered to be a mayor acceptor of lipopolysaccharide
(LPS) 7n vivo and 7n vitro systems preventing tissue damage
in sepsism. LPS avidly binds two major high density lip-
oproteins (HDL)-specific apolipoproteins - Al and ApoC
[P Subsequent binding of HDL-LPS complexes to the
scavenger receptor SR-BI in the liver promotes hepatic
clearance of LPS from the blood stream"”.

Much less information is available about the possible
role of plasma lipoproteins in dissemination mechanisms
of infectious agents. Most of our knowledge in that
field relies on the well chatracterized association between
plasma lipoproteins and hepatitis C virus. The majority
of hepatitis C viral particles ate bound to ApoB-containing
very low density lipoproteins (VLDL) and low density
lipoproteins (LDL) and can be immunoprecipitated with
ApoB-specific antibody'. Complexes LDI-Hepatitis C
virus, elsewhere termed viral lipoparticles, interact with
the LDL-receptor as well as with surface receptor CD8],
providing a dual receptor mechanism for viral attachment
and entry in the target cells”.

However, interactions between chlamydial species
and plasma lipoproteins remain completely unknown.
A published paper on this issue'® demonstrates that
LDL promotes foam cell formation in the macrophage
cell line preincubated with chlamydial trachomatis (C.
pnenmoniae). The objective of this study was to initiate an
investigation of direct interaction between chlamydial
particles and plasma lipoproteins and its role in infecting
host cells. Here we show, for the first time, that the
elementary body of C. trachomatis and C. pneumoniae
directly binds apoB-containing lipoproteins, promoting
the infection rate in human hepatoma cell line (HepG2

cells).

MATERIALS AND METHODS

Reagents
All reagents were from Sigma-Aldrich unless otherwise
stated. Fast-performance liquid chromatography (FPLC)
was performed using Superose 6HR 10/30 column
(Pharmacia, Sweden) as described™'”. Cholesterol content
in the FPLC fractions was measured using Cholesterol/
Cholesteryl Quantification Kit (Calbiochem, UK).
Gradient gel electrophoresis of FPLC fractions was
performed as published by Ordovas JM""". Protein level
was measured using BCA kit from Pierce (Cramlington,
UK). HepG2 cells were obtained from “European
Collection of Cell Cultures” (Salisbury, UK).
Genus-specific monoclonal antibodies against chl-
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amydial LPS and chlamydial major outer membrane
protein (MOMP) were described previously“zj. Polyclonal
antibody against apolipoprotein B (ab20737) was
purchased from Abcam (Cambridge, UK). Anti-mouse
IgG horseradish-peroxidase linked secondary antibody
was obtained from Amersham (Buckinghamshire, UK).

Cell culture and organisms

The following chlamydial organisms were used: C.
trachomatis strain 1.2/Bud34 and C. punenmoniae strain
Kajjani-6. Both of them were kindly provided by Dr. P.
Saikku (University of Oulu, Finland).

Chlamydial strains were propagated in Hep2 cells
and purified by Renografin gradient centrifugation as
described. Purified elementary bodies were suspended
in sucrose-phosphate-glutamic acid buffer'”. Chlamydial
titers were determined by infecting Hep2 cells with
10-fold dilutions of thawed stock suspension.

HepG2 cells were maintained in Dulbecco's Modified
Eagle Media (DMEM) with 10 % fetal calf serum until
subconfluence was reached. Monolayers of HepG2 cells
in 24-well plates containing cover slips were washed and
infected with C. #rachomatis ot C. pneumoniae at multiplicity
1:1. Infected plates were centrifuged 1 h at 1500 g and
kept in serum-free DMEM supplemented with 2 pg/mL
of cycloheximide for 48 h (C. #rachomatis) or 72 h (C.
pnenmoniae). Cover slips were fixed with acetone and
stained by direct immunofluorescence using fluorescein
isothiocyanate (FITC)-conjugated monoclonal antibody
against chlamydial LPS. To evaluate the contribution of
ApoB-containing lipoproteins into infectivity rate of C.
trachomatis and C. pnenmoniae, titrated stock suspensions
containing elementary bodies of each chlamydial type
were incubated (1 h, 37°C) with 0.1 mg/mL of native
ApoB-containing lipoproteins dissolved in Public
Broadcasting Service (PBS). After removal of unbound
lipoproteins (2 washes in PBS, 15000 g, 5 min each),
the volume of the stock suspensions was readjusted to
the initial value to commence immediately with the cell
infection protocol.

Animals

C57BL./6 male mice 6-8 wk old from Pushino Animal
Breeding Facility (Moscow, Russia) were kept in the
animal facility in compliance with “Declaration of
Helsinki and Guiding Principles in the Care and Use of
Animals” under approved institutional protocol. Mice
were kept on the synthetic atherogenic high-fat diet
(ICN Biochemicals Inc, Aurora, Ohio) for 4 wk with
free access to the food and water before collection of
blood zia retro orbital sinus puncture under anesthesia.
Plasma obtained from inbred mice was considered as the
preferred source of lipoproteins to avoid any variables
related to the genetic background and/or dietary status
of human individuals.

Isolation of native ApoB-containing lipoproteins
A low-density fraction of plasma lipoproteins was isolated
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by centrifugation of mouse plasma at the density of
1.055 g/mL for 4 h, 4°C and 543000 g TL100, Beckman
Instruments, USA"Y. The upper layer was dialyzed
overnight against PBS supplemented with 0.01% sodium
EDTA (pH 7.4), filtered through 0.22 um pore-sized

membranes and stored at 4°C for no longer than 3 wk.

FPLC and gel electrophoresis analysis

Pooled plasma (2.5 mL) obtained from 5 mice was
subjected to ultracentrifugation at density of 1.215 g/mL.
Purified lipoproteins were loaded on FPLC column
equilibrated with PBS containing 0.01% EDTA and
0.01% sodium azide. Plasma lipoproteins were eluted
from the column at room temperature and flow rate 0.2
mL/min with the same buffer. Elution fractions (0.3
mlL each, 46 fractions total) were monitored at 280 nm
and analyzed for cholesterol content. Plasma lipoprotein
fractions were stored at 4°C and used within 3 wk
after preparation. For gel electrophoresis, each three
consecutive FPLC fractions were pooled and delipidated
with chloroform/methanol mixture (1:1). After
centrifugation (5000 g, 10 min) the pellet was dissolved,
vortexed and boiled in 50 mmol/L Tris-HCL (pH 7.8)
containing 8 mol/L urea, 10% SDS, 10 % Glycerol and
0.05% bromophenol blue. Aliquots of reconstituted
FPLC fractions were loaded on 4%-15% gradient SDS-
polyacrilamide gel, which was stained after an overnight
run with Coomassie Blue.

Immuno-dot blot binding assay

20 uL aliquotes of FPLC fractions (native or heat-
denatured) containing 100 ng of total protein were loaded
under vacuum on to nitrocellulose membrane (Amersham,
UK). Crosslinked membranes were blocked in 3% gelatin
in 20mmol/L Tris-buffer (pH 7.5) with 0.05% Tween
20 (TBST) for 1 h at room temperature and incubated
overnight at 4°C with suspensions of UV-inactivated C.
trachomatis and C. pneumoniae in TBST (100 pg of total
protein/mL). After three TBST washings (5 min each), the
membranes were incubated with monoclonal antibodies
against chlamydial LPS (2 h, 5 pg/mlL) and blotted for 15
min with horse-radish peroxidase conjugated secondary
antibody (Amersham, UK). After 3 final washes in
TBST, membranes were developed in the Enhanced
Chemiluminescent Substrate (Pierce, UK) and exposed to
X-ray films for 5-7 s.

Immunoprecipitation analysis

Immunoprecipitation studies were done using Seize” X
Bacterial Immunoprecipitation kit (Pierce, Cramlington,
UK). Briefly, elementary bodies of C. trachomatis or C.
pnenmoniae (0.1 mg/mL in PBS) were thoroughly mixed
with native LDL (0.1 mg/mL in PBS) and incubated at
37°C for 1 h under continuous gentle shacking. Bacterial
cells wete pelleted by centrifugation (15000 g, 10 min)
washed 3 times with ice-cold PBS to remove unbound
lipoproteins and kept frozen at -80°C. After thawing,
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soluble proteins from the bacterial pellet were extracted
with B-Per® reagent and applied to the affinity mini
column with immobilized polyclonal ApoB-specific
antibody. Uncoated beads and beads with irrelevant
polyclonal antibody were used in control experiments.
After 2 h of incubation at room temperature, the
columns were centrifuged and the resulting flow-through
was designated as supernatant. Following washing
procedure, immunoprecipitated protein was eluted with
150 ul. of the elution buffer and referred as a pellet
fraction. Supernatant and pellet fractions were analyzed
in 8% SDS-PAGE and further immunoblot analysis was
conducted with monoclonal MOMP-specific antibody.

Flow Cytometry analysis

Flow Cytometry analysis was performed according to the
method desctibed by Dessus-Babus s, Briefly, HepG2
monolayers were trypsinized and removed from the
dishes, centrifuged at 400 g for 5 min. The cell pellet was
resuspended and washed twice in PBS. After fixation in
70% ethanol, washed cells were incubated with chlamydial
LPS-specific antibody labeled with FITC. The number
of cells with fluorescent inclusions was determined with
BD FACSCalibur Flow Cytometer (BD Biosciences,
USA) with the support of CellQuest Pro Software. All
experiments shown below were repeated at least twice.
Representative sets of results are submitted here.

RESULTS

It is known"” that normal mouse plasma contains almost
undetectable amounts of ApoB-containing lipoproteins -
VLDL, LDL and IDL (results not shown). As expected,
dietary treatment of mice with high-fat diet promoted
appearance in ApoB isoforms in FPLC fractions (Figure
1). As can be seen from the gradient gel image, ApoB-100
and ApoB-48 were almost equally represented in VLDL,
LDL and IDL fractions, while ApoAl was a major
apolipoprotein present in HDL fractions. Cholesterol
profile pinpoints the specific fractions and validates
efficiency of FPLC protocol used in our study. The
highest cholesterol content was detected in HDL fraction
whereas the lowest cholesterol value was measured in
VLDL fraction. Those tendencies are consistent with
characteristics of the mouse plasma lipoprotein profile
induced by high-fat diet published elsewhere!"”.
Lipoprotein purification protocol implemented in this
work allowed us to use pure murine lipoprotein fractions
for dot-blot binding assay. Dot-blot immunodetection
analysis showed that elementary bodies of C. #rachomatis and
C. pnenmoniae directly interact with purified undenatured
and denatured lipoproteins (Figure 2). As can be seen
from our results, C. #rachomatis predominantly binds native
lipoproteins belonging to VLDL and LDL fractions. That
interaction becomes much stronger and broader when
lipoprotein fractions were denatured. This fact reveals
that apolipoprotein component of plasma lipoproteins
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Figure 1 FPLC fractionation of mouse plasma. Mice kept on high-fat diet
were bled and pooled plasma was adjusted with KBr to d = 1.215 g/mL and
ultracentrifuged. Resulting lipoprotein fraction with density d < 1.215 g/mL was
subjected to FPLC gel filtration and cholesterol content was measured in each
fraction. Three of each consecutive fraction were pooled, delipidated, heat-
denatured and subjected to SDS PAGE gel electrophoresis in gradient gel
as described in “Material and Methods”. A: Coomassie blue-stained gel with
ApoB-100, ApoB-48 and ApoAl indicated by arrow; B: Cholesterol levels in
FPLC fractions aligned to apolipoprotein profile of mouse plasma.

is crucial for lipoprotein attachment to the chlamydial
particles. Similar pattern of binding has been found for C.
pneumoniae. 'That interaction appears to be very similar at
exactly the same conditions of binding assay used (duration
of incubation and exposure time, concentration of basic
reagents). Therefore, the major feature of chlamydial-
lipoprotein interaction is clear. Both chlamydial species
bind ApoB-containing lipoproteins, with no detectable
affinity to HDL fraction. To confirm our observation we
employed immunoprecipitation analysis. Protein extracts
obtained from C. trachomatis and C. pnenmoniae after
preincubation with native LDL were immunoprecipitated
with ApoB-specific antibody. As can be seen from Figure
3, ApoB-specific antibody pulls down MOMP from
protein extracts of both chlamydial species, when bacterial
particles were pre-exposed to LDL.

The validity of immunoprecipitation analysis was
confirmed in the control expetiments by immunoblotting
of supernatant fractions (Figure 3) as well as by using
irrelevant antibody and uncoated beads (results not sh-
own).

The results presented above showed that there is
distinct binding of chlamydial species to the ApoB-
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VLDL LDL HDL
(-) DN
(+) DN
C. trachomatis
(-) DN
(+)DN
C. pneumoniae
(-) DN
(+) DN

Control

Figure 2 Immuno-dot blot binding assay. Heat-denatured (+ DN) or non-
heat-denatured (- DN) FPLCS fractions of mouse plasma lipoproteins were
applied to nitrocellulose membrane and incubated with elementary bodies of C.
trachomatis (Panel A) or C. pneumoniae (Panel B) and blotted with chlamydial
LPS-specific antibodies as described in “Material and Methods”. Control
membrane (Panel C) treated similarly except addition of chlamydial suspension.

IP supernatant
C. trach  C pneum

IP pellet
C. trach C. pneum

40kD

Figure 3 Immunoprecipitation analysis. Soluble membrane extracts of C.
trachomatis and C. pneumoniae preincubated with native Apo-B containing
lipoproteins were immunoprecipitated with Apo-B specific polyclonal antibody
and subjected to SDS PAGE. Immunoprecipitated (IP) supernatant and pellet
were obtained as described in Materials and Methods. Membranes were
immunoblotted with MOMP-specific monoclonal antibodies.

containing plasma lipoproteins. Therefore, we decided
to test if complexes containing chlamydial particles and
plasma lipoproteins may infect LDL-receptor expressing
cell line. HepG2 cells were used for that purpose. As
can be seen from Figure 4, both C. trachomatis and C.
pneumoniae may efficiently propagate in immortalized
human hepatocytes infected in serum-free conditions.
After infecting the cells with chlamydial species, late stage
inclusions and extracellular elementary bodies were seen
in approximately 60% of the cells. Inoculums containing
chlamydial particles preincubated with ApoB-containing
lipoproteins promoted intensity of staining and number
of infected HepG2 cells.

To quantify the effect of native Apo-B containing
lipoproteins on infectivity rate of C. trachomatis and
C .pnenmoniae, flow cytometric analysis has been used
(Figure 5). As follows from our results, ApoB-containing
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Control

C. trachomatis

Figure 4 HepG2 cells. Direct immunofluorescence with FITC-conjugated antibody against chlamydial LPS. HepG2 cells were infected with inoculants
containing: A: No chlamydial particles, B: C. trachomatis alone; C: C. trachomatis preincubated with native Apo-B containing lipoproteins; D: C. pneumoniae alone; E: C.
pneumoniae preincubated with native Apo-B containing lipoproteins. Immunofluorescence protocol is detailed in Materials and Methods. Original magnification X 40.

C. trachomatis C. pneumoniae

0 D L L 1
MOI MOI MOI
0:5:1 1:1 2:1

\4:’ 1 L 1 L |
MOI MOI MOI
0:5:1  1:1 2:1

Figure 5 Flow Cytometry Analysis of HepG2 cells. Infectivity of C.
pneumoniae and C. trachomatis preincubated with native ApoB-containing
lipoproteins. HepG2 cells were infected with C. pneumoniae (left side of
diagram) or C. trachomatis (right side of diagram) with or without preincubation
of bacteria with native ApoB-containing lipoproteins as described in Material
Methods. Three different levels of infection multiplicity were studied for each
pathogen (MOI 0.5:1; 1:1; 2:1). Percentage of the infected cells shown on
value Y axis was determined by flow cytometry (see Materials and Methods)
for control (uninfected) HepG2 suspensions (hardly seen black columns),
HepG2 suspensions infected with chlamydia bacteria alone (white columns)
and HepG2 suspensions infected with chlamydial bacteria preincubated with
native ApoB-containing lipoproteins (gray columns).

lipoproteins consistently enhanced the infectivity rate of
C. trachomatis at different levels of infection multiplicity
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(MOI 0.5:1; 1:1; 2:1). The same tendency has been seen
in the case of C. pneumoniae. HDL fraction did not affect
infection rate in HepG2 cells incubated with chlamydial
biovars (results are not shown).

DISCUSSION

In the present paper we show for the first time that both
C. trachomatis and C. pneumoniae interact directly with
plasma lipoproteins and may infect a novel cell target type
for chlamydial infection - hepatic cells. That interaction
enhances the ability of chlamydial particles to enter and/
or propagate inside of the hepatocytes, increasing the
infection rate in the hepatic cell line HepG2. The ability
of Chlamydia trachomatis to propagate in HepG2 cells
has been reported recently by G Wang ef al™.

The precise molecular mechanisms responsible for
chlamydial invasion of the host cells have yet to be
identified. Several receptors, including mannose 6-pho-
sphate/insulin-like growth factors (IGF-2)"" and eukary-
otic lipid membrane domains"™ | are proposed to play a
significant role in the entrance of chlamydial particles
in the host cells. On the other hand, a variety of other
polyvalent interactions between chlamydial particles and
host cell membrane deserves detailed considerations'”.
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An initially surprising finding about direct interaction
between chlamydial particles and plasma lipoproteins may
represent a case of metabolic mimicry, when a bacterial
particle acquires mammalian ligand for specific membrane
receptor, allowing subsequent endocytosis and initiation
of infectious cycle inside of the host cell. Association
of chlamydial particles with plasma lipoproteins does
not seem to be an absolute requirement for initiation
of the chlamydial infection in the hepatocytes since
chlamydial infection in HepG2 cells can be initiated and
sustained in serum-free medium. However, if binding
chlamydial particles to plasma lipoproteins takes place in
vivo situation, it may have significant pathophysiological
consequences especially in hyperlipidemic and atheros-
clerotic patients. ApoB-containing lipoproteins are known
to be efficiently internalized not only by hepatocytes,
but also by macrophages and endothelial cells residing in
atherosclerotic lesions™. Therefore, persistent increase
in plasma ApoB - containing lipoproteins may promote
targeted delivery of chlamydial particles and aggravate
inflammatory response in the atherosclerotic plaque. This
hypothesis and a molecular mechanism of interaction
between chlamydial biovars and lipoproteins are currently
under investigation.
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Background

Two major chlamydial biovars - C. trachomatis and C. pneumoniae cause
a wide range of urogenital and respiratory infections. Possible role of C.
pneumoniae in atherosclerosis is currently discussed. Participation of
chlamydial species in hepatic diseases is suspected but not proven yet.

Research frontiers

It has been shown recently that C. frachomatis may propagate in hepatocytes.
On the other hand, a productive infection by C. pneumoniae is reported in
Kupffer cells isolated from liver. The relevance of these observations for
hepatobiliary pathology remains to be elucidated.

Innovations and breakthroughs

This study is first to show that two major chlamydial species (C. trachomatis
and C. pneumoniae) can bind plasma lipoproteins and efficiently propagate
in immortalized human hepatocytes. Plasma ApoB-containing lipoproteins
promote the infection rate in human hepatoma cell line (HepG2 cells),
suggesting possible role of lipoproteins in the mechanism of attachment and/or
entry of bacteria into the host cell.

Applications

Understanding of the precise molecular mechanism predetermining interaction
of chlamydial biovars with the host cells is essential for the development of new
strategies in treatment of chlamydial infections.

Peer review

The authors showed that C. trachomatis and C. pneumoniae can bind
ApoB-containing plasma lipoproteins. Both chlamydial biovars are shown
to propagate in human hepatoma cell line - HepG2 cells. Preincubation of
chlamydial particles with ApoB-containing lipoproteins promotes the infectivity
rate of chlamydial biovars in HepG2 cells, suggesting possible participation
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of lipoprotein receptor in interaction of chlamydial species with the host cells.
The results are interesting and may bring new insight into pathogenesis of
chlamydial infections.

REFERENCES

1  von Haehling S, Schefold JC, Springer ], Anker SD. The
cholesterol paradox revisited: heart failure, systemic
inflammation, and beyond. Heart Fail Clin 2008; 4: 141-151

2 Murch O, Collin M, Hinds CJ, Thiemermann C.
Lipoproteins in inflammation and sepsis. I. Basic science.
Intensive Care Med 2007; 33: 13-24

3 Berbee JF, van der Hoogt CC, Kleemann R, Schippers
EF, Kitchens RL, van Dissel JT, Bakker-Woudenberg IA,
Havekes LM, Rensen PC. Apolipoprotein CI stimulates the
response to lipopolysaccharide and reduces mortality in
gram-negative sepsis. FASEB ] 2006; 20: 2162-2164

4  Ma], Liao XL, Lou B, Wu MP. Role of apolipoprotein A-I in
protecting against endotoxin toxicity. Acta Biochim Biophys
Sin (Shanghai) 2004; 36: 419-424

5 Cai L, Ji A, de Beer FC, Tannock LR, van der Westhuyzen
DR. SR-BI protects against endotoxemia in mice through its
roles in glucocorticoid production and hepatic clearance. |
Clin Invest 2008; 118: 364-375

6 André P, Perlemuter G, Budkowska A, Bréchot C, Lotteau
V. Hepatitis C virus particles and lipoprotein metabolism.
Semin Liver Dis 2005; 25: 93-104

7 Wunschmann S, Muller HM, Stipp CS, Hemler ME,
Stapleton JT. In vitro interaction between hepatitis C virus
(HCV) envelope glycoprotein E2 and serum lipoproteins
(LPs) results in enhanced cellular binding of both HCV E2
and LPs. ] Infect Dis 2006; 194: 1058-1067

8 Cao F, Castrillo A, Tontonoz P, Re F, Byrne GI. Chlamydia
pneumoniae--induced macrophage foam cell formation
is mediated by Toll-like receptor 2. Infect Immun 2007; 75:
753-759

9 Garber DW, Kulkarni KR, Anantharamaiah GM. A sensitive

and convenient method for lipoprotein profile analysis

of individual mouse plasma samples. ] Lipid Res 2000; 41:

1020-1026

Gallou-Kabani C, Vigé A, Gross MS, Boileau C, Rabes JP,

Fruchart-Najib J, Jais JP, Junien C. Resistance to high-fat

diet in the female progeny of obese mice fed a control diet

during the periconceptual, gestation, and lactation periods.

Am | Physiol Endocrinol Metab 2007; 292: E1095-E1100

Rashid S, Curtis DE, Garuti R, Anderson NN, Bashmakov

Y, Ho YK, Hammer RE, Moon YA, Horton JD. Decreased

plasma cholesterol and hypersensitivity to statins in mice

lacking Pcsk9. Proc Natl Acad Sci USA 2005; 102: 5374-5379

Kutlin AV, Drobyshevskaia EI, Shatkin AA. [The

immunochemical and biological properties of monoclonal

antibodies to Chlamydia trachomatis] Zh Mikrobiol Epidemiol

Immunobiol 1996; 3-6

Caldwell HD, Kromhout ], Schachter J. Purification and

partial characterization of the major outer membrane protein

of Chlamydia trachomatis. Infect Immun 1981; 31: 1161-1176

Diaz O, Delers F, Maynard M, Demignot S, Zoulim F,

Chambaz J, Trépo C, Lotteau V, André P. Preferential

association of Hepatitis C virus with apolipoprotein B48-

containing lipoproteins. | Gen Virol 2006; 87: 2983-2991

Dessus-Babus S, Belloc F, Bébéar CM, Poutiers F, Lacombe

F, Bébéar C, de Barbeyrac B. Antibiotic susceptibility testing

for Chlamydia trachomatis using flow cytometry. Cytometry

1998; 31: 37-44

Wang G, Burczynski F, Anderson J, Zhong G. Effect of host

fatty acid-binding protein and fatty acid uptake on growth of

Chlamydia trachomatis L2. Microbiology 2007; 153: 1935-1939

Puolakkainen M, Kuo CC, Campbell LA. Chlamydia

pneumoniae uses the mannose 6-phosphate/insulin-like

10

11

12

13

14

15

16

17

February 27,2010 | Volume 2 | Issue 2 |



18

Bashmakov Y et a/. ApoB and Chlamydia

growth factor 2 receptor for infection of endothelial cells.
Infect Immun 2005; 73: 4620-4625

Jutras I, Abrami L, Dautry-Varsat A. Entry of the lym-
phogranuloma venereum strain of Chlamydia trachomatis
into host cells involves cholesterol-rich membrane domains.
Infect Immun 2003; 71: 260-266

144

TR
Reishideng”

WJH | www.wjgnet.com

80

19

20

Dautry-Varsat A, Balahd ME, Wyplosz B. Chlamydia--host
cell interactions: recent advances on bacterial entry and
intracellular development. Traffic 2004; 5: 561-570

Moore KJ, Freeman MW. Scavenger receptors in ath-
erosclerosis: beyond lipid uptake. Arterioscler Thromb Vasc
Biol 2006; 26: 1702-1711

S- Editor Wang YR L- Editor Roemmele A E- Editor Liu N

February 27,2010 | Volume 2 | Issue 2 |



w\J

World Journal of
Hepatology

Online Submissions: http:/ /www.wjgnet.com/1948-51820ffice

wjh@wjgnet.com
doi:10.4254/wjh.v2.i2.81

World | Hepatol 2010 February 27; 2(2): 81-86
ISSN 1948-5182 (online)
© 2010 Baishideng. All rights reserved.

BRIEF ARTICLES

Prognosis of metastatic splenic hilum lymph node in patients
with gastric cancer after total gastrectomy and splenectomy

Keishiro Aoyagi, Kikuo Kouhuji, Motoshi Miyagi, Takuya Imaizumi, Junya Kizaki, Kazuo Shirouzu

Keishiro Aoyagi, Kikuo Kouhuji, Motoshi Miyagi, Takuya
Imaizumi, Junya Kizaki, Kazuo Shirouzu, Department of
Surgery, Kurume University School of Medicine, Fukuoka
830-0011, Japan

Author contributions: Aoyagi K, Management of the research
and analysis of the data; Kouhuji K Chief of gastric cancer
group and instructor of the research, Miyagi M, Clinical work,
Imaizumi T, Clinical work, Kizaki J, Clinical work, Shirouzu K,
Chairman of department of surgery and adviser of the research.
Correspondence to: Dr. Keishiro Aoyagi, MD, Department
of Surgery, Kurume University School of Medicine, 67 Asahi-
mach, Kurume City, Fukuoka 830-0011,

Japan. keishiro@med.kurume-u.ac.jp

Telephone: +81-942-353311 Fax: +81-942-340709

Received: March 13,2009 Revised: September 10, 2009
Accepted: September 17, 2009

Published online: February 27,2010

Abstract

AIM: To clarify the significance of combined resection
of the spleen to dissect the No. 10 lymph node (LN).

METHODS: We studied 191 patients who had under-
gone total gastrectomy with splenectomy, excluding
non-curative cases, resection of multiple gastric cancer,
and those with remnant stomach cancer. Various clinico-
pathological factors were evaluated for any independent
contributions to No. 10 LN metastasis, using y° test.
Significant factors were extracted for further analysis,
carried out using a logistic regression method. Further-
more, lymph node metastasis was evaluated for any
independent contribution to No. 10 LN metastasis, using
the same methods. The cumulative survival rate was
calculated using the Kaplan-Meier method. The signifi-
cance of any difference between the survival curves was
determined using the Cox-Mantel test, and any differ-
ence was considered significant at the 5% level.

RESULTS: From the variables considered to be po-
tentially associated with No. 10 LN metastasis, age,
depth, invasion of lymph vessel, N factor, the number
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of lymph node metastasis, Stage, the number of sites,
and location were found to differ significantly between
those with metastasis (the Positive Group) and those
without (the Negative Group). A logistic regression
analysis showed that the localization and Stage were
significant parameters for No. 10 LN metastasis. There
was no case located on the lesser curvature in the Posi-
tive Group. The numbers of No. 2, No. 3, No. 4sa, No.
4sb, No. 4d, No. 7, and No. 11 LN metastasis were each
found to differ significantly between the Positive Group
and the Negative Group. A logistic regression analysis
showed that No. 4sa, No. 4sb, and No. 11 LN metasta-
sis were each a significant parameter for No. 10 LN me-
tastasis. There was no significant difference in survival
curves between the Positive Group and the Negative
Group.

CONCLUSION: Splenectomy should be performed to
dissect No. 10 LN for cases which have No. 4sa, No.
4sb or No. 11 LN metastasis. However, in cases where
the tumor is located on the lesser curvature, splenec-
tomy can be omitted.

© 2009 Baishideng. All rights reserved.
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INTRODUCTION
The lymph nodes at the splenic hilum (No. 10 LN) belo-
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ng to the Group 2 lymph nodes of gastric cancer that
involve the upper third of the stomach, according to
the Japanese Classification of Gastric Carcinoma'’, and
D2 lymph node dissection is the standard operation for
gastric cancer in Japan. Therefore, splenectomy is widely
performed to achieve complete D2 lymphadenectomy
in Japan for macroscopically advanced gastric cancer
located at the proximal part of the stomach. Extended
lymphadenectomy, splenectomy, or a combination of both
might theoretically improve prognosis by achieving better
lymph node clearance™, but none of these was associated
with improved outcome in randomized trials specifically

47 S
7 Moreover some cornphcatlons

addressing this issue
in splenectomy, for example pancreatic fistula and left
subdiaphragmatic abscess, sometimes occur™ and
splenectomy has been associated with increased morbidity
after gastrectomy for gastric cancer™”", Although most
authors have recommended splenic preservation in the

. . 4,11,12
surgical treatment of gastric cancer™""?

, splenectomy is
still considered for proximal gastric and gastroesophageal
junction cancer, because the incidence of lymph node
metastasis at the splenic hilum is thought to be higher
BAEB The aim of the present study
was to clarify the significance of combined resection of
the spleen with total gastrectomy to dissect No. 10 LN.

Splenectomy has been more commonly performed in the

in these tumors

resection of a proximal tumor, and therefore previous
analyses may be biased. Here, we compared gastric cancer
cases which underwent curative surgery with positive and
negative No. 10 LN metastasis to total gastrectomy cases
with splenectomy, clinicopathologically. The indication for
splenectomy in patients with proximal and middle gastric
cancer remain controversial. Here, we have investigated
the characteristic findings in patients with lymph node
metastasis to the splenic hilus, and report the indication
for splenectomy.

MATERIALS AND METHODS

Patients

Between 1990 and 2004, 2064 patients with gastric cancer
underwent surgical resection at Kurume University
Hospital. Here, we retrospectively studied the 191 cases
of total gastrectomy with splenectomy and D2 or D3
dissection, excluding the cases of non-curative resection,
those cases involving resection of multiple gastric cancer,
and those of remnant stomach cancer. One hundred and
twenty-four patients were men, and 67 were women. The
mean age was 60.6 years, with an age range from 40 to 84
years. There were 7 patients at Stage [ A, 18 patients at
Stage [ B, 40 patients at Stage II, 46 patients at Stage Il
A, 38 patients at Stage Il[B, and 42 patients at Stage V.
There were 20 cases with positive No. 10 LN metastasis
(the Positive Group), and 171 cases with none (the
Negative Group), as defined by the Japanese Classification
of Gastric Carcinoma'.

Statistical analysis
Various factors, including age, sex, site, location, tumor
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size, macroscopic type, histological type, depth of in-
vasion, stromal volume, pattern of tumor infiltration,
invasion of lymph vessel, venous invasion, N factor,
Stage, and the number of lymph nodes with positive
metastasis were evaluated for any independent con-
tributions to No. 10 LN metastasis, using the Xz test.
The number of lymph node metastases was classified
dependent on TNM staging, as follows, NO: no regional
lymph nodes metastasis, N1: metastasis in 1 to 6 regional
lymph nodes, N2: metastasis in 7 to 15 regional lymph
nodes, and N3: metastasis in more than 15 regional lymph
nodes. Significant factors were extracted for further
analysis, carried out using a logistic regression method.
Furthermore, lymph node metastasis was evaluated for
any independent contribution to No. 10 LN metastasis,
using similar methods as above. The statistical analyses
were performed using a statistical analysis computer
program (SPSSI for Windows, SPSS Japan Inc., Tokyo,
Japan). The P value level of significance was set at 0.05.

The cumulative survival rate was calculated using
the Kaplan-Meier method. The significance of any
difference between the survival curves was determined
using the Cox-Mantel test, and any difference was
considered significant at the 5% level.

RESULTS

Clinicopathological findings

From the variables considered to be potentially associ-
ated with No. 10 LN metastasis, age, the number of
sites, location, depth, invasion of lymph vessel, N factor,
the number of lymph node metastases, and Stage were
found to differ significantly between the Positive Group
and the Negative Group (P = 0.017, P = 0.008, P < 0.001,
P=10.017, P=0.008, P < 0.001, P = 0.003, and P < 0.001,
respectively) (Table 1).

A logistic regression analysis was conducted for the
cight parameters (age, the number of site, location, depth,
invasion of lymph vessel, N factor, the number of lymph
node metastases, and Stage) that had been found to be
significant using the XZ test. A logistic regression analysis
showed that the location and Stage were each significant
parameters of No. 10 LN metastasis (P = 0.003 and P =
0.006, respectively) (Table 2). There was no case locating
on the lesser curvature in the Positive Group (Table 1).

Lymph node metastasis

The numbers of No. 2, No. 3, No. 4sa, No. 4sb, No. 4d,
No. 7, and No. 11 LN metastasis were found to differ
significantly between the Positive Group and the Nega-
tive Group (P < 0.001, P = 0.001, P < 0.001, P < 0.001,
P <0.001, P =0.019, and P < 0.001, respectively) (Table
3). A logistic regression analysis showed that No. 4sa,
No. 4sb, and No. 11 LN metastasis were each significant
parameters for No. 10 LN metastasis (P < 0.001, P =
0.006, and P = 0.002, respectively) (Table 4) (Figure 1).

Survival curves
There was no significant difference in survival rate be-
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Metastasis positive Metastasis negative Total P value
20 (10.5) 171 (89.5) 191 (100)
Gender Male 14 (70.0) 111 (64.9) 125 (65.4) 0.651
Female 6 (30.0) 60 (35.1) 66 (34.5)
Age (years) <60 7 (35.0) 107 (62.6) 114 (59.7) 0.017
> 60 13 (65.0) 64 (37.4) 77 (40.3)
Site L 1(5.0) 11 (6.4) 12 (6.3) 0.616
M 9 (45.0) 58 (33.9) 67 (35.1)
16) 10 (50.0) 102 (59.6) 112 (58.6)
Number of site 1 5(25.0) 41 (24.0) 46 (24.1) 0.008
2 7 (35.0) 78 (45.6) 85 (44.5)
<3 8 (40.0) 52 (30.4) 60 (31.4)
Location Less 0(0.0) 73 (42.7) 73 (38.2) <0.001
Ant 1(5.0) 15 (8.8) 16 (8.4)
Post 3 (15.0) 32 (18.7) 35 (18.3)
Great 8 (40.0) 13 (7.6) 21 (11.0)
Cir 8 (40.0) 38 (22.2) 46 (24.1)
Number of location 1 7 (35.0) 90 (52.6) 97 (50.8) 0.200
2 2 (10.0) 28 (16.4) 30 (15.7)
3 3 (15.0) 15 (8.8) 18 (9.4)
4 8 (40.0) 38 (22.2) 46 (24.1)
Tumor size (mm) < 100 11 (55.0) 65 (38.0) 76 (39.8) 0.142
>100 9 (45.0) 106 (62.0) 115 (60.2)
Macroscopic type 0 2 (10.0) 13 (7.6) 15 (7.9) 0.503
1 1(5.0) 5(2.9) 6(3.1)
2 2 (10.0) 44 (25.7) 46 (24.1)
3 10 (50.0) 69 (40.4) 79 (41.4)
4 5(25.0) 30 (17.5) 35 (18.3)
5 0(0.0) 10 (5.8) 10 (5.2)
Histological type Differentiated 3 (15.0) 53 (31.0) 56 (29.3) 0.137
Undifferentiated 17 (85.0) 118 (69.0) 135 (70.7)
Depth M, SM 1(5.0) 10 (5.8) 11 (5.6) 0.020
MP 0(0.0) 12 (7.0) 12 (6.3)
SS 2 (10.0) 17 (9.9) 19 (9.9)
SE 9 (45.0) 111 (64.9) 120 (62.8)
SI 8 (40.0) 21 (12.3) 29 (15.2)
Ly 0,1 1(5.0) 48 (28.1) 49 (25.7) 0.025
2,3 19 (95.0) 123 (71.9) 142 (74.3)
\% - 2 (10.0) 50 (29.2) 52 (27.2) 0.067
+ 18 (90.0) 121 (70.8) 139 (72.8)
Stromal volume Med 3 (15.0) 60 (35.1) 63 (33.0) 0.147
Int 8 (40.0) 62 (36.3) 70 (36.6)
Sci 9 (45.0) 49 (28.7) 58 (30.4)
INF o 1(5.0) 42 (24.6) 43 (22.5) 0.127
B 6 (30.0) 47 (27.5) 53 (27.7)
Y 13 (65.0) 82 (48.0) 95 (49.7)
N 0 0(0.0) 60 (35.1) 60 (31.4) <0.001
1 2 (10.0) 50 (29.2) 52 (27.2)
2 12 (60.0) 40 (23.4) 52 (27.2)
3 6 (30.0) 18 (10.5) 24 (12.6)
M 0 (0.0) 3(1.8) 3 (1.6)
Number of N 0 0(0.0) 60 (35.1) 60 (31.4) 0.003
1-6 7 (35.0) 55 (32.2) 62 (32.5)
7-15 6 (30.0) 34 (19.9) 40 (20.9)
16- 7 (35.0) 22 (12.9) 29 (15.2)
Stage IAIB 0(0.0) 25 (14.6) 25 (13.1) <0.001
II 1(5.0) 39 (22.8) 40 (20.9)
MA 1(5.0) 45 (26.3) 46 (24.1)
B 4 (20.0) 35 (20.5) 39 (20.4)
v 14 (70.0) 27 (15.8) 41 (21.5)

Various clinicopathological factors, including gender, age, site, the number of sites (Number of sites), location, the number of locations (Number of
locations), tumor size, macroscopic type, and histological type were evaluated for any independent contributions to No. 10 LN metastasis, depth of invasion
(Depth), invasion of lymph vessel (Ly), venous invasion (V), stromal volume, pattern of tumor infiltration (INF), N factor (N), the number of lymph nodes
with positive metastasis (Number of N), and stage using the XZ test. Age, Number of sites, Location, Depth, Ly, N, Number of N, and Stage were found to
differ significantly between the Positive Group and the Negative Group (P = 0.017, P = 0.008, P < 0.001, P = 0.017, P = 0.008, P < 0.001, P = 0.003, and P < 0.001,
respectively).
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Table 2 Logistic regression analysis of clinicopathological

data for No. 10 LN metastasis

Table 4 Logistic regression analysis of LN metastasis for No.
10 LN metastasis

Parameters Disease progression Parameters Disease progression
OR 95% CI P value OR 95% CI P value

Age (yr) 2.697 0.852-8.538 0.092 No. 2 0.791 0.181-3.452 0.755
Depth 0.636 0.264-1.532 0.313 No. 3 1414 0.219-9.117 0.716
Ly 2.269 0.220-23.407 0.491 No. 4sa 18.377 4.071-82.962 <0.001
N 0.801 0.277-2.319 0.683 No. 4sb 8.447 1.844-38.688 0.006
Number of N 1.062 0.446-2.531 0.892 No. 4d 1.098 0.267-4.518 0.897
Stage 4.840 1.576-14.864 0.006 No. 7 1.085 0.277-4.253 0.907
Number of sites 0.541 0.246-1.191 0.127 No. 11 10.096 2.320-43.941 0.002
Location 2.027 1.269-3.238 0.003

A logistic regression analysis was conducted for eight parameters (Age,
Number of sites, Location, Depth, Ly, N, Number of N, and Stage) that had
been found to be significant using the y test. A logistic regression analysis
showed that the location and Stage were each significant parameter of No.
10 LN metastasis (P = 0.003 and P = 0.006, respectively).

Table 3 Demographics and LN metastasis in 191 patients with

gastric cancer with respect to No. 10 LN metastasis 7 (%)

Metastasis Metastasis Total P value
positive negative
No. 1 8 (40.0) 41 (24.0) 49 (25.7) 0.121
No. 2 11 (55.0) 28 (16.4) 39 (20.4) <0.001
No. 3 18 (90.0) 87 (50.9) 105 (55.0) 0.001
No.4sa 12 (60.0) 10 (5.8) 22 (11.5) <0.001
No.4sb 10 (50.0) 16 (9.4) 26 (13.6) <0.001
No.4d 12 (60.0) 34 (19.9) 46 (24.1) <0.001
No. 5 1(5.0) 10 (5.8) 11 (5.8) 0.878
No. 6 4 (20.0) 19 (11.1) 23 (12.0) 0.248
No. 7 10 (50.0) 43 (25.1) 53 (27.7) 0.019
No. 8a 5 (25.0) 19 (11.1) 24 (12.6) 0.076
No. 8p 1 (5.0) 8 (4.7) 9 (4.7) 0.949
No. 9 2(10.0) 13 (7.6) 15 (7.9) 0.706
No.11 11 (55.0) 19 (11.1) 30 (15.7) <0.001
No.12a 0 (0.0) 3(1.8) 3 (1.6) 0.550
No.12b  1(5.0) 2(12) 3 (1.6) 0.192
No.12p  0(0.0) 3(1.8) 3 (1.6) 0.550
No. 13 1 (5.0 1 (0.6) 2(1.0) 0.066
No.14v  1(5.0) 3(1.8) 4(2.1) 0.337
No. 16 4(20.0) 16 (9.4) 20 (10.5) 0.141
Etc. 0 (0.0 4(2.3) 4(21) 0.489

Lymph node metastasis was evaluated for any independent contribution
to No. 10 LN metastasis, using the XZ test. The numbers of No. 2, No. 3,
No. 4sa, No. 4sb, No. 4d , No. 7, and No. 11 LN metastasis were found to
differ significantly between the Positive Group and the Negative Group (P
<0.001, P =0.001, P <0.001, P < 0.001, P < 0.001, P =0.019, and P < 0.001,
respectively).

tween the Positive Group and the Negative Group in
Stage IIB (Figure 2A), and in Stage IV cases (Figure 2B).

DISCUSSION

Resection of the spleen en bloc with the stomach for
gastric cancer is still widely performed for a curative
resection (RO). Fatouros e a/’ reported that an over-
estimation of the risk of residual disease in the splenic
hilum nodes in the case of spleen preservation was seen
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Significant lymph nodes were extracted for further analysis, carried out
using a logistic regression method. A logistic regression analysis showed
that No. 4sa, No. 4sb, and No. 11 LN metastasis were each significant
parameters for No. 10 LN metastasis (P < 0.001, P = 0.006, and P = 0.002,
respectively).

Figure 1 Location of regional lymph nodes. No. 2: Left Pericardial LN, No.
3: LN along the lesser curvature, No. 4sa: LN along the short gastric vessels,
No. 4sb: LN along the left gastroepiploic vessels, No. 4d: LN along the right
gastroepiploic vessels, No. 7: LN along the left gastric artery, No. 11: LN along
the splenic artery.

in 94% of splenectomized patients, and preservation of
the spleen may be associated with a reduced risk of eatly
and overall recurrence, translating into a better survival
in patients receiving curative surgery for gastric cancet.
Pancreas-related abscess formation remains a strong fac-
tor in the mortality and morbidity rates”'>"”, The dissec-
tion of nodes along the distal splenic artery and nodes
in the splenic hilum is an intraoperative risk factor for
pancreas-related abscess formation. Distal pancreatec-
tomy with splenectomy has a high risk of abscess for-
mation. Pancreas-preserving splenectomy is a standard
operation in Japan. However, splenectomy without dis-
section along the distal splenic artery also has a high risk
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Figure 2 Overall survival curves in patients with gastric cancer. No. 10
(+): Patients with No. 10 LN metastasis; No. 10 (-): Patients without No. 10 LN
metastasis. The Cox-Mantel test was not significant. A: Stage Il B; B: Stage IV.

to abscess formation. Some authors™'? have reported
that splenectomy (with or without pancreatectomy) and
nodal dissection are risk factors for operative morbid-
ity but not mortality. Hartgrink ez al" reported that
the risk for morbidity and mortality was significant for
pancreactomy and splenectomy, and that splenectomy
and pancreatectomy should be performed only in case
of direct invasion from the tumor into these organs. In
considering the lymphatic pathway from the primary tu-
mor to No 10 LN, metastasis in the lymph nodes along
the lesser curvature (No. 3), the short gastric vessels, or
gastroepiploic vessels (No. 4) may be good indicators
of No. 10 LN metastasis”™. In our study, there was no
case with the cancer located on the lesser curvature in
the Positive Group, and metastasis in the No. 4sa, No.
4sb, or No. 11 LN was a good indicator for No. 10 LN
metastasis. The frequency of No. 10 LN metastasis was
high in cases with cancer located on the greater curva-
ture or posterior wall of the stomach. These results sug-
gested that the lymphatic pathway along the posterior
gastric artery, splenic artery, short gastric vessels, or gas-
troepiploic vessels were important for No. 10 LN me-
tastasis. In our study, there was no significant difference
in survival curves between the Positive Group and the
Negative Group. These data show that dissection of the
No. 10 LN has a survival benefit when curative surgery
was performed. Tkeguchi ez a/” reported when curative
surgery was performed, the survival of No. 10 positive
patients was not different from that of No. 10 negative
patients; therefore, for patients with an advanced gastric
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cancer located in the proximal part of the stomach, then
D2 lymphadenectomy with splenectomy is recommend-
ed when patients show macroscopic evidence of serosal
invasion with regional lymph node metastasis. Hartgrink
et al'® reported that the relevance of the dissection of
the No. 10 and 11 LN has to be questioned since the
survival benefit is small and the hospital mortality is sig-
nificantly increased. Splenectomy and pancreatectomy
are important risk factors for morbidity and mortality
after D2 dissection, with adverse effects on survival as
well™, A Japanese prospective randomized study on
spleen preservation might be beneficial in patients with
advanced gastric cancer who receive postoperative im-
munochemotherapy after total gastrectomy'. A ran-
domized trial in Chile found no survival benefit from a
splenectomy in patients with total gastrectomy, whereas
morbidity was significantly increased". Yamamoto ez a/'”
reported that total gastrectomy with splenectomy should
be done for patients with T3 advanced gastric cancer and
T2 advanced gastric cancer with multiple lymph node
metastasis (more than 7 nodes), and recognized lymph
node metastasis to the splenic hilus. Tkeguchi ez @/’ re-
ported that all cases with No. 10 LN positivity were mac-
roscopically diagnosed as positive for serosal invasion or
regional lymph node metastasis at the time of surgery.
Sakaguchi ez al™ reported that splenectomy should be
conducted in T2 cases with gross serosal change and T3,
4 cases. In our study, all cases with No. 10 LN metastasis
showed regional lymph node metastasis. However, we
detected No. 10 LN metastasis even in early gastric can-
cet, or cases with few lymph node metastases (less than
7 nodes), The effect of splenectomy on prognosis in
patients with gastric cancer remains controversial. Sple-
nectomy might facilitate a more complete lymph aden-
ectomy by thorough clearance of the lymph nodes from
the splenic hilum. Other surgeons have recommended
splenectomy in patients with proximal or gastroesopha-
geal junction cancer to address the increased likelihood
of lymph node metastasis in the splenic hilum™*'*. The
method of No. 10 LN dissection without splenectomy
is very difficult. Injury of the spleen and high bleeding
volume occurred in many cases where No. 10 LN was
dissected without splenectomy. Even if splenectomy
was not performed, movement of the pancreas tail and
spleen was needed to dissect No. 10 LN, so pancreatic
fistula and pancreas related abscess formation were rec-
ognized in some cases. Moreover, the dissection of No.
10 LN may be incomplete in cases without splenectomy.
Numerous retrospective as well as prospective random-
ized trials, however, have not demonstrated a prognostic
benefit for splenectomy or extended lymph adenectomy.
Some retrospective studies even demonstrated a worse
survival after splenectomy™?. Many cases with No. 10
LN were far advanced cancer which had peritoneal me-
tastasis, liver metastasis, numerous lymph node metasta-
sis, and distant metastasis. In these cases the benefit of
dissection of No, 10 LN is small. However, dissection
of No. 10 LN has survival benefit when curative surgery
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was performed. Therefore, we recommend splenectomy
to dissect No. 10 LN in gastric cancer which involves the
upper third of the stomach that is curatively resected,
especially, when the tumor is located on the greater cur-
vature or posterior wall of the stomach, or has No. 4sa,
No. 4sb, or No. 11 LN metastasis. However, when the
tumor is located on the lesser curvature, then splenec-
tomy can be omitted.

COMMENTS

Background

The lymph nodes at the splenic hilum (No. 10 LN) belong to the Group 2 LN
of gastric cancer that involves the upper third of the stomach, according to
the Japanese Classification of Gastric Carcinoma, and D2 LN dissection is
the standard operation for gastric cancer in Japan. Therefore, splenectomy
is widely performed to achieve complete D2 lymphadenectomy in Japan for
macroscopically advanced gastric cancer located at the proximal part of the
stomach. Extended lymphadenectomy, splenectomy, or a combination of both
might theoretically improve prognosis by achieving better lymph node clearance,
but none of these was associated with improved outcome in randomized trials
specifically addressing this issue. Moreover some complications in splenectomy,
for example pancreatic fistula and left subdiaphragmatic abscess, sometimes
occur, and splenectomy has been associated with increased morbidity after
gastrectomy for gastric cancer. Although most authors have recommended
splenic preservation in the surgical treatment of gastric cancer, splenectomy
is still considered for proximal gastric and gastroesophageal junction cancer,
because the incidence of lymph node metastasis at the splenic hilum is thought
to be higher in these tumors.

Research frontiers
The present study was to clarify the significance of combined resection of the
spleen with total gastrectomy to dissect No. 10 LN.

Innovations and breakthroughs
This research clarified that splenectomy can be omitted in cases with the tumor
located on the lesser curvature.

Application

If we perform total gastrectomy curatively for proximal gastric cancer which is
located on the lesser curvature, we can omit splenectomy to dissect No. 10 LN.
Peer review

This is a retrospective study on the outcome of patients with gastric cancer after
total gastrectomy and splenectomy. The authors have highlighted the survival
benefit of dissection of No. 10 LN and the predictive factors for the metastatic
No. 10 LN in patients with gastric cancer. The authors need to study a cohort
of patients with histologically proven metastatic No. 10 LN with and without
splenectomy.
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generally asymptomatic and diagnosis is an incidental

finding, Occasionally they can be symptomatic and the

most common clinical manifestations are abdominal

Absiract pain, hematemesis, anemia, hypovolemia and jaundice“‘z].

The classical surgical management of these patients

1s changing because of the introduction of new endova-
scular and percutaneous approaches.

We report a case of post-traumatic hepatic artery

Post-traumatic hepatic artery pseudoaneurysm is unc-
ommon, appearing in approximately 1% of hepatic
trauma cases. Most are extrahepatic (80%) and have
a late onset. Although they are usually asymptomatic, ) i : i
they should always be treated becasue of the high risk ~ Pscudoancurysm which was embolized with coils as
of complications, especially breakage. Currently the a first therapeutic choice. However, due to its partial
treatment of choice is endovascular embolization with ~ closure, the occlusion was completed using ultrasound-
coils or the exclusion of the pseudoaneurysm using  guided percutaneous human thrombin injection.

other intravascular devices. Recently there have been

accounts of a treatment that combines embolization

with coils and image-guided percutaneous human CASE REPORT

thrombin injection. We present a case of post-traumatic In an 18 year-old male patient who suffered a motorcycle
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accident,chest and abdominal computed tomography
(CT) showed multiple pulmonary contusions, vertebral
fractures, hemoperitoneum and splenic fracture. During
an operation for splenectomy, a tiny hepatic laceration
which was observed near the falciform ligament was
electrocoagulated. The patient was admitted into the
intensive care unit (ICU) and was discharged 2 mo later
without relevant complications.

A CT during the ICU stay showed hepatic left lobe
contusions, not seen in initial CT, which evolved favorably.
The hepatic artery was normal in this control study and
there was not any evident pseudoaneurysm.

Six months after the liver trauma the patient went to
the emergency department complaining of colic-type
abdominal pain, nausea, vomiting, pruritus and choluria.
On physical examination jaundice was observed and
blood tests indicated that there was an increase in total
and direct bilirubin levels.

Emergency ultrasound showed moderate intrahepatic
biliary dilation and a well defined hypoechogenic mass of
10 ecm X 5 cm located in the hepatic hilum with features
of pseudoaneurysm. Abdominal CT with intravenous
contrast (120 mL; 4 mL/s; 80 s delay; pitch 1.5) confirmed
the findings described in the ultrasound examination
(Figure 1A).

Anglography of the celiac axis revealed the presence
of a pseudoaneurysm which was joined to the hepatic
artery through a short, narrow neck. A significant diff-
erence in caliper between the afferent and efferent arterial
segment was evident (Figure 1B). Superior mesenteric
artery angiography showed collateral branches that
connected with the right hepatic artery. In indirect poz-
tography the permeability of the portal vein was con-
firmed.

(49
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Figure 1 CT and angiography images. A:
contrast enhanced CT revealing a collection
filled of contrast at the hepatic hilium compatible
with pseudoaneurysm and dilated intrahepatic
bile duct; B: Selective arteriography of the
celiac trunk showing the pseudoaneurysm
arising from the common hepatic artery; C:
Angiography of the common hepatic artery after
embolization. No fill of the pseudoaneurysm is
visible from this artery; D: Selective superior
mesenteric artery arteriography three days
after embolization. The pseudoaneurysm (white
arrows) is partly thrombosed with persistence
of filling from thin branches. The superselective
catheterization of these vessel wasn't possible
due its tortuosity and narrow caliber.

Using selective catheterization of the common hep-
atic artery with a 4F cobra catheter (Cordis, L. Roden,
Holland) the afferent and efferent artery segment was
embolized with 3 coils of 5 cm X 5 mm (Cook-coil for
MREYE embolization, IMWCE 35-5-5; William Cook
Europe). Closute of the pseudoaneurysm was confirmed
in the immediate post-embolization test from the celiac
axis (Figure 1C) and from the superior mesenteric artery.

Three days later, the patient presented with hem-
atemesis, hematochezia, hypotension, decreased he-
matocrit and increased bilirubin. An endoscopy of the
upper gastro-intestinal tract was normal. Given that
there was suspicion of pseudoaneurysm breakage to
the biliary tract, a new contrast enhanced abdominal CT
was carried out. This revealed partial thrombosis of the
pseudoaneurysm and persistent dilated intrahepatic bile
ducts without free peritoneal fluid or collections. We
carried out a second angiography, finding this time that the
residual light of the pseudoaneurysm was fed by narrow
vessels from the upper mesenteric artery (Figure 1D). We
tried to carry out another embolization, but this time the
thin branches could not be catheterized supraselectively.

The next step we considered to achieve the total occlu-
sion of the pseudoaneurysm was the direct injection of
human thrombin with ultrasound guidance. We used a 22
G spinal needle (Boston Scientific Medi-tech) and 2 mL
(500 UI/mL) of human thrombin was injected (Tissucol
Duo; Baxter Health Care Corporation) controlling the
entire procedure with Doppler ultrasound until the
absence of flow in the lesion was confirmed (Figure 2).

In follow-up at two years, the patient was asym-
ptomatic and had totally normal bilirubin levels. Abd-
ominal CT showed thrombosis of the pseudoaneurysm,
decreased size and normal-sized bile ducts (Figure 3).
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Figure 2 Ultrasound guided thrombin in-
jection. A: Color doppler ultrasound. A small
cavity persists with flow in the pseudoaneurysm;
B: Needle inside the pseudoaneurysm im-
mediately after the injection of thrombin showing
the absence of flow (thrombosis).

Figure 3 CT scan 12 mo after treatment. Complete thrombosis of the pseudoaneurysm and no dilation of the biliary tract are observed.

DISCUSSION

Conservative treatment has become the standard of
care in hemodynamically stable patients with blunt liver
trauma. Approximately 71%-89% of these patients are
treated conservatively with a success rate of between
85%-94%". Contrast enhanced abdominal CT is the
imaging modality of choice for diagnosis and follow-up
of these patients. It facilitates the evaluation of hepatic
parenchyma and other abdominal and retroperitoneal
organs; the presence and estimation of the quantity of
hemoperitoneum. It also monitors the healing process
and the evaluation of possible cornplicationsm.

Delayed complications can occur from weeks to
months after the trauma and they include delayed hem-
orrhage, post-traumatic pseudoaneurysm, abscesses,
hemobilia and biliary complications such as biloma and
biliary peritonitis”.

Post-traumatic hepatic artery pseudoaneurysm is
an uncommon delayed complication. Although they
are usually asymptomatic and found at follow-up by
CT or ultrasound, they should be treated as eatly as
possible because they have a high risk of rupture and are
associated with high morbidity™*”,

Conventional treatments include either endovascular
embolization or surgery. Whereas surgery is associated
with significant morbidity and mortality, endovascular
embolization is safe and effective and has emerged as the
primary line of treatment and the most commonly used
option[z’g’9
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and the afferent and efferent artery segments should be
embolized to avoid retrograde filling, achieving a success
rate of 70%-100%. On occasions, the pseudoaneurysm
cannot be totally thrombosed by this way because the
occlusion of the vessel has not been complete or because
it is fed by collaterals. On these occasions, embolization
should be attempted again through the endovascular
route. Distal coil migration, hepatic abscess and hepatic
ischemia are some of the reported complications of
endovascular hepatic artery embolization"”.

Another percutaneous treatment options available
are described below.

Image guided human thrombin injection: Image gui-
ded human thrombin injection has been widely used
in peripheral false aneurysms that occur mainly as a
consequence of angiographies. The recurrence rate is
2.08% after thrombin treatment for femoral pseudoaneury-
sms' "' almost always when the neck is wide. Unwanted
effects of thrombin injection in arterial false aneurysms
are infrequent and can be classified into thrombotic and
immunologic. Distal arterial thrombosis after thrombin
injection occurs in approximately 0.95% of cases for
femoral pseudoaneurysms, generally when the neck is
wide, the flow is very fast or the thrombin is injected
near the neck and without enough imaging control"”,
The consequences are rarely serious. Thrombin has
also been used in another locations such as the common
iliac artery'”, radial" and visceral arteries without
complications™. The immunologic complications where
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described when using bovine thrombin and include the
development of antibodies with the potential risk of
bleeding and coagulopathy. A number of recent studies
have demonstrated that human thrombin does not seem
to incur any risk of immunologic sensitization!.

Endovascular treatment: There is also the possibility
of endovascular treatment by placing a stent and using
liquid agents like glue. With uncovered stents, the false
aneurysm is not excluded from blood flow and it is
possible that it might not thrombose, especially when
the neck is wide. Through the mesh of these stents it is
possible to access into the pseudoaneurysm and embolize
it with microcoils, achieving better results than when only
the prosthesis alone is used"™"". With covered stents the
pseudoaneurysm is excluded although these could have
potential disadvantages because of technical difficulties in
negotiating tortuous vessels and the low flexibility of the
endoprosthesis' .

In our patient, after carrying out an angiography and
seeing the features of the pseudoaneurysm as well as
hepatic arterial and portal vascularization, it was decided
to embolize the afferent and efferent arterial segments
with coils. The possibility of positioning a covered stent
was considered but, due to the difference in caliber
between the afferent and efferent arterial segments,
the existence of collaterals for the right hepatic lobe
from the upper mesenteric artery and the normal flow
in the portal vein we believed it was safer to carry
out the embolization of the hepatic artery. After the
embolization we checked correct closure of the false
aneurysm from the celiac axis and from the superior
mesenteric artery. Two days later, a small residual cavity
still remained. On this occasion it was not possible repeat
the endovascular embolization with coils because the
afferent vessel were thin and tortuous and we therefore
decided to inject human thrombin percutancously and
with color doppler ultrasound control”. The effects
were immediate after the injection of human thrombin,
leaving the residual light closed. Although we could have
used a direct injection with thrombin from the start, we
believe that the slow-down in flow provoked by the coils
improved the success of the thrombin treatment.

To summarize, for the treatment of visceral pseu-
doaneurysms it is necessary to know all therapeutic
options and to evaluate the convenience of each one. In
the absence of studies with a large number of patients to
validate one or other treatment as the preferred option, we
contribute by adding our experience to the cases reported
in the bibliography.
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GENERAL INFORMATION

World Journal of Hepatology (World | Hepatol, WH, online ISSN
1948-5182, DOLI: 10.4254), is a monthly, open-access (OA),
peer-reviewed online journal supported by an editorial board
of 575 experts in hepatology from 45 countries.

The biggest advantage of the OA model is that it provides
free, full-text articles in PDF and other formats for experts and
the public without registration, which eliminates the obstacle
that traditional journals possess and usually delays the speed
of the propagation and communication of scientific research
results.

The role of academic journals is to exhibit the scientific
levels of a country, a university, a center, a department, and
even a scientist, and build an important bridge for commu-
nication between scientists and the public. As we all know, the
significance of the publication of scientific articles lies not
only in disseminating and communicating innovative scientific
achievements and academic views, as well as promoting the
application of scientific achievements, but also in formally
recognizing the “priority” and “copyright” of innova-
tive achievements published, as well as evaluating research
performance and academic levels. So, to realize these desired
attributes of WJH and create a well-recognized journal, the
following four types of personal benefits should be maximized.
The maximization of personal benefits refers to the pursuit of
the maximum personal benefits in a well-considered optimal
manner without violation of the laws, ethical rules and the
benefits of others. (1) Maximization of the benefits of editorial
board members: The primary task of editorial board members
is to give a peer review of an unpublished scientific article via
online office system to evaluate its innovativeness, scientific and
practical values and determine whether it should be published
or not. During peer review, editorial board members can also
obtain cutting-edge information in that field at first hand. As
leaders in their field, they have priority to be invited to write
articles and publish commentary articles. We will put peer
reviewers’ names and affiliations along with the article they
reviewed in the journal to acknowledge their contribution;
(2) Maximization of the benefits of authors: Since WJH is an
open-access journal, readers around the wotld can immediately
download and read, free of charge, high-quality, peer-reviewed
articles from WJH official website, thereby realizing the goals
and significance of the communication between authors
and peers as well as public reading; (3) Maximization of the
benefits of readers: Readers can read or use, free of charge,
high-quality peer-reviewed articles without any limits, and
cite the arguments, viewpoints, concepts, theories, methods,
results, conclusion or facts and data of pertinent literature so
as to validate the innovativeness, scientific and practical values
of their own research achievements, thus ensuring that their
articles have novel arguments or viewpoints, solid evidence and
correct conclusion; and (4) Maximization of the benefits of
employees: It is an iron law that a first-class journal is unable to
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exist without first-class editors, and only first-class editors can
create a first-class academic journal. We insist on strengthening
our team cultivation and construction so that every employee,
in an open, fair and transparent environment, could contribute
their wisdom to edit and publish high-quality articles, thereby
realizing the maximization of the personal benefits of editorial
board members, authors and readers, and yielding the greatest
social and economic benefits.

The major task of WJH is to report rapidly the most recent
results in basic and clinical research on hepatology, including:
liver biology/pathology, cirrhosis and its complications, liver
fibrosis, liver failure, portal hypertension, hepatitis B and C
and inflammatory disorders, steatohepatitis and metabolic liver
disease, hepatocellular carcinoma, biliary tract disease, auto-
immune disease, cholestatic and biliary disease, transplantation,
genetics, epidemiology, microbiology, molecular and cell biology,
nutrition, geriatric and pediatric hepatology, diagnosis and
screening, endoscopy, imaging, and advanced technology.

The columns in the issues of W/JH will include: (1) Editorial:
To introduce and comment on the substantial advance and its
importance in the fast-developing ateas; (2) Frontier: To review
the most representative achievements and comment on the
current research status in the important fields, and propose
directions for the future research; (3) Topic Highlight: This
column consists of three formats, including (A) 10 invited
review articles on a hot topic, (B) a commentary on common
issues of this hot topic, and (C) a commentary on the 10
individual articles; (4) Observation: To update the development
of old and new questions, highlight unsolved problems, and
provide strategies on how to solve the questions; (5) Guidelines
for Basic Research: To provide Guidelines for basic research;
(6) Guidelines for Clinical Practice: To provide guidelines for
clinical diagnosis and treatment; (7) Review: To systemically
review the most representative progress and unsolved problems
in the major scientific disciplines, comment on the current
research status, and make suggestions on the future work; (8)
Original Articles: To originally report the innovative and valuable
findings in hepatology; (9) Brief Articles: To briefly report the
novel and innovative findings in hepatology; (10) Case Report:
To report a rare or typical case; (11) Letters to the Editor: To
discuss and make reply to the contributions published in WJH,
or to introduce and comment on a controversial issue of general
interest; (12) Book Reviews: To introduce and comment on
quality monographs of hepatology; and (13) Guidelines: To
introduce Consensuses and Guidelines reached by international
and national academic authorities worldwide on basic research
and clinical practice in hepatology.
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consecutively, and start each of the following sections on a
new page: Title Page, Abstract, Introduction, Materials and
Methods, Results, Discussion, Acknowledgements, References,
Tables, Figures, and Figure Legends. Neither the editors nor
the publisher are responsible for the opinions expressed by
contributors. Manuscripts formally accepted for publication
become the permanent property of Beijing Baishideng BioMed
Scientific Co., Ltd, and may not be reproduced by any means,
in whole or in part, without the written permission of both
the authors and the publisher. We reserve the right to copy-
edit and put onto our website accepted manuscripts. Authors
should follow the relevant guidelines for the care and use
of laboratory animals of their institution or national animal
welfare committee. For the sake of transparency in regard to
the performance and reporting of clinical trials, we endorse
the policy of the International Committee of Medical Journal
Editors to refuse to publish papers on clinical trial results if
the trial was not recorded in a publicly-accessible registry at its
outset. The only register now available, to our knowledge, is
http://www. clinicaltrials.gov sponsored by the United States
National Library of Medicine and we encourage all potential
contributors to register with it. However, in the case that other
registers become available you will be duly notified. A letter of
recommendation from each authot’s organization should be
provided with the contributed article to ensure the privacy and
secrecy of research is protected.

Authors should retain one copy of the text, tables, pho-
tographs and illustrations because rejected manuscripts will
not be returned to the author(s) and the editors will not be
responsible for loss or damage to photographs and illustrations
sustained during mailing,

Online submissions

Manuscripts should be submitted through the Online Submi-
ssion System at: http://www.wjgnet.com/1948-5182ffice.
Authors are highly recommended to consult the ONLINE
INSTRUCTIONS TO AUTHORS (http://www.wjgnet.
com/1948-5182/¢_info_17.htm) before attempting to
submit online. For assistance, authors encountering problems
with the Online Submission System may send an email
describing the problem to wih@wjgnet.com, or by telephone:
+86-10-59080038. If you submit your manuscript online, do not
make a postal contribution. Repeated online submission for the
same manuscript is strictly prohibited.

MANUSCRIPT PREPARATION

All contributions should be written in English. All articles must
be submitted using word-processing software. All submissions
must be typed in 1.5 line spacing and 12 pt. Book Antiqua with
ample margins. Style should conform to our house format.
Required information for each of the manuscript sections is as
follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of less than 6 words
should be provided.

Authorship: Authorship credit should be in accordance with
the standard proposed by International Committee of Medical
Journal Editors, based on (1) substantial contributions to
conception and design, acquisition of data, or analysis and
interpretation of data; (2) drafting the article or revising it
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critically for important intellectual content; and (3) final approval
of the version to be published. Authors should meet conditions 1,
2,and 3.

Institution: Author names should be given first, then the
complete name of institution, city, province and postcode.
For example, Xu-Chen Zhang, Li-Xin Mei, Department of
Pathology, Chengde Medical College, Chengde 067000, Hebei
Province, China. One author may be represented from two
institutions, for example, George Sgourakis, Department of
General, Visceral, and Transplantation Surgery, Essen 45122,
Germany; George Sgourakis, 2nd Surgical Department,
Korgialenio-Benakio Red Cross Hospital, Athens 15451, Greece

Author contributions: The format of this section should
be: Author contributions: Wang CL and Liang L contributed
equally to this work; Wang CL, Liang L, Fu JE, Zou CC, Hong
F and Wu XM designed the research; Wang CL, Zou CC,
Hong F and Wu XM performed the research; Xue JZ and Lu
JR contributed new reagents/analytic tools; Wang CL, Liang L.
and Fu JF analyzed the data; and Wang CL, Liang L. and Fu JF
wrote the paper.

Supportive foundations: The complete name and number of
supportive foundations should be provided, e.g., Supported by
National Natural Science Foundation of China, No. 30224801

Correspondence to: Only one corresponding address should
be provided. Author names should be given first, then author
title, affiliation, the complete name of institution, city, postcode,
province, country, and email. All the letters in the email should
be in lower case. A space interval should be inserted between
country name and email address. For example, Montgomery
Bissell, MD, Professor of Medicine, Chief, Liver Center, Gas-
troenterology Division, University of California, Box 0538, San
Francisco, CA 94143, United States. montgomery.bissell@ucsf.
edu

Telephone and fax: Telephone and fax should consist of +,
country number, district number and telephone or fax number,
e.g., Telephone: +86-10-59080039 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision for
acceptance is made only when at least two experts recommend
an article for publication. Reviewers for accepted manuscripts
are acknowledged in each manuscript, and reviewers of articles
which were not accepted will be acknowledged at the end of
each issue. To ensure the quality of the articles published in
WJH, reviewers of accepted manuscripts will be announced
by publishing the name, title/position and institution of the
reviewer in the footnote accompanying the printed article. For
example, reviewers: Professor Jing-Yuan Fang, Shanghai Institute
of Digestive Disease, Shanghai, Affiliated Renji Hospital,
Medical Faculty, Shanghai Jiaotong University, Shanghai, China;
Professor Xin-Wei Han, Department of Radiology, The First
Affiliated Hospital, Zhengzhou University, Zhengzhou, Henan
Province, China; and Professor Anren Kuang, Department of
Nuclear Medicine, Huaxi Hospital, Sichuan University, Chengdu,
Sichuan Province, China.

Abstract

There are unstructured abstracts (no more than 256 words)
and structured abstracts (no more than 480). The specific
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requirements for structured abstracts are as follows:

An informative, structured abstracts of no more than 480
words should accompany each manuscript. Abstracts for original
contributions should be structured into the following sections.
AIM (no more than 20 words): Only the purpose should be
included. Please write the aim as the form of “To investigate/
study/...; MATERIALS AND METHODS (no more than
140 words); RESULTS (no more than 294 words): You should
present P values where appropriate and must provide relevant
data to illustrate how they were obtained, e.g. 6.92 £ 3.86 vs
3.61 £ 1.67, P < 0.001; CONCLUSION (no more than 26
words). Available from: http://www.wjgnet.com/1948-5182/
g info_20100107114338 htm.

Key words
Please list 5-10 key words, selected mainly from Index Medicus,
which reflect the content of the study.

Text

For articles of these sections, original articles, rapid commu-
nication and case reports, the main text should be structured
into the following sections: INTRODUCTION, MATERIALS
AND METHODS, RESULTS and DISCUSSION, and
should include appropriate Figures and Tables. Data should be
presented in the main text or in Figures and Tables, but not in
both. The main text format of these sections, editorial, topic
highlight, case report, letters to the editors, can be found at:
http:/ /www.wjgnet.com/1948-5182/¢_info_list.htm.

Illustrations

Figures should be numbered as 1, 2, 3, ez., and mentioned
clearly in the main text. Provide a brief title for each
figure on a separate page. Detailed legends should not be
provided under the figures. This part should be added into
the text where the figures are applicable. Figures should
be either Photoshop or Illustrator files (in tiff, eps, jpeg
formats) at high-resolution. Examples can be found at:
http://www.wjgnet.com/1007-9327/13/4520.pdf; http://
www.wignet.com/1007-9327/13/4554.pdf; http://www.
wijgnet.com/1007-9327/13/4891.pdf; http://www.wjgnet.
com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all elements compiled
is necessary in line-art image. Scale bars should be used
rather than magnification factors, with the length of the
bar defined in the legend rather than on the bar itself. File
names should identify the figure and panel. Avoid layering
type directly over shaded or textured areas. Please use
uniform legends for the same subjects. For example: Figure 1
Pathological changes in atrophic gastritis after treatment. A:...;
B:.; Ci..; D Ei; Fi; Gr Lt It ds our principle to publish
high resolution-figures for the printed and E-versions.

Tables

Three-line tables should be numbered 1, 2, 3, e¢fc., and
mentioned cleatly in the main text. Provide a brief title for
each table. Detailed legends should not be included under
tables, but rather added into the text where applicable. The
information should complement, but not duplicate the text.
Use one horizontal line under the title, a second under column
heads, and a third below the Table, above any footnotes.
Vertical and italic lines should be omitted.

Notes in tables and illustrations
Data that are not statistically significant should not be noted.
P < 0.05, "P < 0.01 should be noted (P > 0.05 should not be
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noted). If there are other series of P values, P < 0.05 and ‘P <
0.01 are used. A third seties of P values can be expressed as ‘P
< 0.05 and ‘P < 0.01. Other notes in tables or under illustrations
should be expressed as 'E, °F, °F; or sometimes as other symbols
with a superscript (Arabic numerals) in the upper left corner. In
a multi-curve illustration, each curve should be labeled with @, o,
m, 0, A, A\, ¢f., in a certain sequence.
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