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Abstract

Hepatocellular carcinoma (HCC) is the most common pri-
mary liver malignancy and represents an international
public health concern as one of the most deadly cancers
worldwide. The main etiology of HCC is chronic infec-
tion with hepatitis B and hepatitis C viruses. However,
there are other important factors that contribute to the
international burden of HCC. Among these are obesity,
diabetes, non-alcoholic steatohepatitis and dietary expo-
sures. Emerging evidence suggests that the etiology of
many cases of HCC is in fact multifactorial, encompass-
ing infectious etiologies, comorbid conditions and envi-
ronmental exposures. Clarification of relevant non-viral
causes of HCC will aid in preventative efforts to curb the
rising incidence of this disease.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Hepatocellular carcinoma (HCC) represents an interna-
tional public health concern as one of the most common
and deadly cancers worldwide. Globally, HCC accounts
for 85%-90% of primary liver cancers' and its lethality is
underscored by the fact that it is the third most frequent
cause of cancer-related mortality”. In those patients who
are not transplant candidates, HCC is particularly lethal,
with a 5-year survival of less than 5%". In the United
States, the incidence of HCC appears to be increasing, with
a more than twofold increase observed from 1976 to 2002
(Figure DA significant proportion of this increase is
accounted for by the growing prevalence of hepatitis C vi-
rus (HCV) infection”. However, other potential causes of
HCC are garnering close attention.

Increased body mass index and diabetes with subsequ-
ent development of non-alcoholic steatohepatitis (NASH)
represent significant risk factors for HCC. This is especially
concerning in light of the growing epidemic of obesity in
adults and children over the past 25 years'”, Other non-
viral causes of HCC include iron overload syndromes,
alcohol use, tobacco use, oral contraceptive use, aflatoxin
exposure and betel quid chewing, a prevalent habit in the
developing world. Emerging evidence suggests that the
etiology of many cases of HCC is in fact multifactorial,
including both viral infections and non-viral environmental
and dietary exposures. This review focuses on the non-
viral causes of HCC.

HEREDITARY HEMOCHROMATOSIS AND
IRON OVERLOAD SYNDROMES

Hereditary hemochromatosis, a condition characterized

by excess iron absorption, is caused by mutations in the

August 7,2010 | Volume 16 | Issue 29 |



Blonski W et a/. Nonviral causes of HCC

9 [ Other (mostly Asian) 8.4
8 B White (hispanic and non-hispanic) 7.9 8
g 7 O Black 66 7.2 7.2
© H .
g 6 6.3
c 6
3 § 5.2 5
gg 9 4.6
3T 4 34 3.7 3.9
3 & 2.9
3) 3 2.5 2.6 23 2.5
© .
g 2 14 17 1.9
< 1.1 1.1 1.3 :
1
0 L
1976-1978 1979-1981 1982-1984 1985-1987 1988-1990 1991-1993 1994-1996 1997-1999 2000-2002
t/yr

Figure 1 Average yearly, age-adjusted incidence rates for hepatocellular carcinoma men and women in the United States shown for 3-year intervals between
1976 and 2002. Whites included approximately 25% Hispanics, whereas other race was predominantly (88%) Asian. Source: Surveillance, Epidemiology, and End Results
(SEER) Program (www.seer.cancer.gov) SEER*Stat Database: Incidence-SEER 13 Regs Public-Use, Nov 2004 Sub (1973-2002 varying), National Cancer Institute,
DCCPS, Surveillance Research Program, Cancer Statistics Branch, released April 2005, based on the November 2004 submission. Reprinted from El-Serag HB, Rudolph

KL. Hepatocellular carcinoma: epidemiology and molecular carcinogenesis. Gastroenterology 2007; 132: 2557-2576, Copyright (2007), with permission from Elsevier™.

HFE gene and/or other mutations in the iron metabolism 14 r mHee

machinery. This condition represents one of the most 1> | W Non-HCC —
common autosomal recessive genetic disorders, affect- O Control

ing as many as 1 in 200 people of Northern European < 10 -

descent”". The HFE gene is required for efficient 7 vivo B sl ]

iron metabolism and two mutations within the HFE gene g

product, C282Y and H63D, have been well described in ¥ 6

patients with hereditary hemochromatosis'”. The C282Y Ll

mutation, which results in a base pair substitution in which

tyrosine is substituted for cysteine at amino acid 282, is 2r

found in the homozygous state in up to 83% of patients ! | ﬂ | \
with hereditary hemochromatosis"”. The H63D mutation, Cauza (29) Boige (31)  Fargion (28) Hellerbrand (26)

characterized by substitution of histidine with aspartic acid
at codon 63, is present in a minority of cases of hereditary
hemochromatosis either in a homozygous state or with
one copy of the C282Y mutation, a state referred to as a
compound heterozygote“oj. The clinical significance of this
latter mutation within the HFE gene, however, continues
to be controversial.

The altered iron metabolism seen in hereditary he-
mochromatosis leads to excess iron storage in the liver
and the subsequent development of liver dysfunction.
Although other organs systems are also susceptible to
iron overload, the liver bears the majority of malignant
disease, with those patients with hereditary hemochro-
matosis being 20 times more likely to develop liver can-
cer than all other cancers combined'?.

Several population-based and case-control studies
have shown that the diagnosis of hereditary hemochro-
matosis confers a consistent and markedly elevated risk
for the development of HCC™'". A sentinel study from
the US National Center for Health Statistics found that
patients who were diagnosed with hereditary hemochro-
matosis and who died were 23-fold more likely to have
liver cancer compared to those without a diagnosis of
hemochromatosis [Proportionate Mortality Ratio (PMR)
22.5, 95% CI: 20.6-24.6)"". In addition, the relationship
between hereditary hemochromatosis and HCC is modi-
fied by diabetes, sex and genetics. Subjects with liver
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Figure 2 Prevalence of HFE mutations among patients with hepatocellular
carcinoma, cirrhosis without hepatocellular carcinoma (non-hepatocellular
carcinoma), and normal controls. Reprinted from Kowdley KV. Iron, hemochro-
matosis, and hepatocellular carcinoma. Gastroenterology 2004; 127: S79-S86,
Copyright (2004), with permission from Elsevier *. HCC: Hepatocellular
carcinoma.

cancer and concomitant diabetes mellitus were 82 times
more likely to have a diagnosis of hemochromatosis'”.
Furthermore, a population-based study from Scandina-
via found that men with hemochromatosis had a 29-fold
increase in trisk of liver cancer, whereas women with he-
mochromatosis had a sevenfold increase in risk!"”. Lastly,
highlighting the genetic predisposition of disease and its
consequences, an analysis of 5973 first degree relatives
of patients with hemochromatosis found that these sub-
jects had a nearly twofold increase in risk of Hcc,
The presence of a single copy of the C282Y HFE gene
mutation, although not diagnostic for hereditary hemo-
chromatosis, has been studied to determine its prevalence
and clinical significance in patients with HCC (Figure 2) 121
Researchers comparing 81 patients with cirrhosis and HCC
to 128 normal controls observed a significantly higher
prevalence of the C282Y mutation in patients with Hcc!,
Another group observed that patients with HCC had a
higher frequency of the C282Y mutation when compared
to cirrhotic controls without HCC and healthy controls'”.
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Additionally, they demonstrated that those subjects with
the C282Y mutation had higher levels of serum ferritin,
transferrin saturation, and hepatic iron deposition when
compared to those without the C282Y mutation"”. These
studies suggest that increased iron load in HCC patients
with a C282Y mutation exerts a cause and effect relation-
ship in hepatocarcinogenesis118’19!. This risk of HCC in
patients with the C282Y mutation may not be equally con-
ferred to all however. A recent prospective cohort study
from France found that the C282Y mutation and iron
overload were associated with a significantly increased risk
of HCC among patients with alcoholic cirrhosis but not
among those with HCV-related cirrhosis™.

Contrary to the data presented above, two well-exe-
cuted European studies did not find a significant differ-
ence in the prevalence of the C282Y mutation between
patients with and without HCC”"*, Researchers from
France observed comparable proportions of the C282Y
heterozygous state in 133 cirrhotic patients with HCC
and 100 without”". Likewise, in another cohort of 162
consecutive patients with HCC, the majority with cirrho-
sis, the frequency of the C282Y mutation did not differ
from historical healthy controls or patients with HCV™,
Concrete conclusions from these studies might be elusive,
however, because of the small sample sizes, differences in
the prevalence of the C282Y mutation in the respective
populations, and referral bias to tertiary care centers’”

More studies are therefore needed to determine cot-
rectly, in larger populations, the prevalence and effect
of a single copy of the C282Y mutation. Additionally,
on an individual basis, further study is needed to better
characterize the comorbid, demographic and genetic fac-
tors that play a role in the risk of HCC in those with a
single copy of the C282Y mutation.

It has also been proposed that the H63D mutation is
not directly associated with hemochromatosis' . Certain-
ly, none of the aforementioned studies observed a signifi-
cant difference in the prevalence of the H63D mutation
between patients with and without HCC"* ™., Future stud-
ies are needed to assess further the relationship between
this HFE gene mutation and the development of HCC.

Hereditary hemochromatosis is only one of the iron
overload syndromes that leads to excessive iron deposition
in the liver and other tissues. In fact, those patients with
excess total body iron secondary to other etiologies have
been shown to have a higher risk of HCC in the absence
of genetic hemochromatosis™. Studies have suggested
that conditions such as (3 thalassemia or iron overload in
people of African descent might be associated with an
increased risk of HCC”*™. One such study found that
African iron loaded subjects had a 10-fold increase in the
risk of developing HCC after adjusting for viral hepatitis,
alcohol use and environmental exposutes, such as aflatox-
in®, Regardless of etiology, iron overload is not a benign
condition and when recognized, surveillance for HCC
should be undertaken.

NON-ALCOHOLIC FATTY LIVER DISEASE

Several case reports and subsequent observational stud-
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Figure 3 Progression of non-alcoholic fatty liver disease to cryptogenic
cirrhosis. The explanation for the disappearance of steatosis remains
uncertain but it is likely to be multifactorial and to involve changes in blood flow
and exposure to fat-promoting hormones, as well as possible changes in the
intracellular metabolism as a result of long-standing exposure to lipid peroxidation.
Theoretically, this could represent a form of lipoatrophy that occurs within the fat-
storing hepatocytes. Other forms of chronic liver disease may also present with
a well-established bland cirrhosis. Efforts are needed to define better residual
markers of past silent disease to improve our understanding of cryptogenic
cirrhosis. Reprinted from Caldwell SH, Crespo DM. The spectrum expanded:
cryptogenic cirrhosis and the natural history of non-alcoholic fatty liver disease.
J Hepatol 2004; 40: 578-584, Copyright (2004), with permission from Elsevier™".
NALFD: Non-alcoholic fatty liver disease; NASH: Non-alcoholic steatohepatitis.

ies have proposed that non-alcoholic fatty liver disease
(NALFD), and more specifically, NASH, confers an el-
evated risk of developing HCC (Figure 3)[31]. NAFLD is
a spectrum of clinical disease that ranges from benign or
bland steatosis to NASH. The latter stage of this disease,
through a process of chronic inflaimmation and subse-
quent hepatic fibrosis, can lead to cirthosis™. The pres-
ence of cirrhosis itself is an independent risk factor for
the development of HCC™. To characterize the natural
history of NALFD, 420 patients identified in Olmstead
County, MN, USA with the disorder were followed for an
average of 7 years to determine overall mortality as well
as liver related morbidity and mortality. In this population-
based study, NAFLD was associated with a 34% increase
in mortality and a significant increase in the risk of HCC,
with two cases or 0.5% being diagnosed over the period
of follow-up"™. In subjects with NASH-related cirrhosis,
however, the rate of HCC approached 10%". These find-
ings are well aligned with a seties of studies from Japan. In
one report, among 82 NASH patients treated from 1990
through 2001, six patients with HCC were identified over
11 years of follow-up™. All six patients developed HCC
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Study Country No. of cases Study participants Assessment of Adjustments
(men/women) exposure

Moller et al Denmark 22/36 Men: 14531 Discharge diagnosis Age

(1994) Women: 29434 of obesity

Wolk et al (2001) Sweden  15/13 Men: 8165 Discharge diagnosis Age, calendar year

Women: 19964 of obesity
Nair et al (2002) USA 659" Men and women: 19271'  Measured Age, sex, race, diabetes
Calle et al (2003) USA 620/345 Men: 404576 Self-reported Age, race, education, marital status, smoking, physical
Women: 495477 activity, aspirin use, estrogen-replacement therapy

(women), alcohol, dietary factors

Samanic ef al USA 322 whites/38 White men: 3668486 Discharge diagnosis Age, calendar year

(2004) blacks Black men: 832214 of obesity

Kuriyamaetal Japan 69/31 Men: 12485 Self-reported Age, type of health insurance, smoking, intakes of

(2005) Women: 15054 alcohol, meat, fish, fruits, vegetables, bean-paste soup’

Batty et al (2005) UK 51 Men: 18403 Measured Age, employment grade, marital status, physical
activity, smoking, other’

Ohet al (2005)  Korea 3347 Men: 781283 Measured Age, area of residence, family history of cancer,
smoking, exercise, alcohol

Rapp et al (2005) Austria 57 Men: 67447 Measured Age, occupational group, smoking

N’Kontchou et al France 220" Men and women: 771" Measured Age, sex, cirrhosis cause, diabetes

(2006)

Samanic ef al Sweden 297 Men: 362552 Measured Age, smoking

(2006)

'Patients with cirrhosis; “ORs for women were further adjusted for age at menarche, age at end of first pregnancy, and menopausal status; *Other factors

adjusted for include disease at entry, weight loss in the last year, height-adjusted FEV1, triceps skinfold thickness, blood pressure-lowering medication,

blood pressure, plasma cholesterol, glucose intolerance, and diabetes. Reprinted by permission from Macmillan Publishers Ltd: [Br ] Cancer]. Larsson SC,
Wolk A. Overweight, obesity and risk of liver cancer: a meta-analysis of cohort studies. Br | Cancer 2007; 97: 1005-1008, copyright (2007)"*".

in the setting of NASH-related cirrhosis™. In an update
to this original observation, over a 17-year period, the au-
thors found that among 382 patients with NASH, HCC
was diagnosed in 34, 9% of the cohort, with 11 patients
diagnosed during a 40-mo mean follow-up”. Comparing
those NASH patients with and without HCC, multivari-
ate logistic regression analysis identified older age (OR:
1.1, 95% CI: 1.03-1.2) and advanced hepatic fibrosis (OR:
4.2, 95% CI: 1.8-9.7) as independent predictors for the
development of HCC™. In a prospective study of 118
patients with NASH and advanced liver fibrosis from the
same cohort, the observed 5-year cumulative incidence of
HCC was 7.6%, with HCC accounting for 46% of all fa-
talities™. In summary, these data highlight an association
between NASH cirrhosis and an increase in the incidence
of HCC over that of the general population. Therefore,
regular HCC surveillance is imperative in patients with
NASH cirrhosis.

The impact of NASH on the incidence of HCC may
well be underestimated. In advanced fibrosis, an absence
of steatosis may be appreciated, a finding which can ob-
scure identification of the underlying etiology of liver
injury in these patients. In this case, patients might be clas-
sified as having cryptogenic cirrhosis. In a United States
study that examined 105 consecutive patients with HCC,
after HCV, cryptogenic cirrhosis was the most common
etiology of liver injury®”. Among patients presenting with
cryptogenic cirrhosis, 58% had a body mass index (BMI)
= 30, 47% had diabetes, and 50% had a prior histological
diagnosis of NASH or clinical characteristics consistent
with NAFLD. Furthermore, only 23% of subjects with
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cryptogenic cirrhosis were undergoing surveillance for
HCC in compatison to 61% of subjects who had a history
of HCV-related liver disease"”. Clearly, these observations
emphasize the importance of HCC surveillance in this
group of patients and the failure thus far to appropriately
screen for HCC in this disease process.

OBESITY

The prevalence of obesity has increased to epidemic pro-
portions over the last three decades. Excess body mass is
classified as overweight if the BMI is > 25 kg/ m’ and <
30 kg/ m’, or obese if the BMI is = 30 kg/ m”. In addition
to the increase in an array of disease processes observed
with being overweight or obese, both classifications of
excess body mass are associated with a higher risk of de-
veloping all cancers, including liver cancer”. In one pop-
ulation-based study from Sweden, 28 cases of HCC were
diagnosed in 28129 patients from 1965 to 1993, thus con-
ferring an almost threefold higher risk of HCC in obese
patientsmj. A recent European case-control study ob-
served a significantly increased risk of HCC among obese
(OR: 3.5, 95% CI: 1.3-9.2) or diabetic (OR: 3.5, 95% CI:
1.6-7.7) patients without viral hepatitis. This risk of HCC
was even greater if both obesity and diabetes were pres-
ent comorbid conditions (OR: 11.8, 95% CI: 2.7-51.9)",
A Danish study further confirmed these results, finding a
twofold increase in liver cancer incidence in obese subjects
compared to non-obese subjects'"".

A meta-analysis of 11 cohort studies that evaluated the
association between being overweight or obese and liver
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Overweight ; Relative risk (95% CI)
Calle et a/ (2003) (M) ‘ 1.13 (0.94-1.34)
Calle et a/ (2003) (W) | 1.02 (0.80-1.31)
Kuriyama et a/ (2005) (M) i § 0.91 (0.52-1.59)
Kuriyama et a/ (2005) (W) .; 1.13 (0.57-2.27)
Batty et a/ (2005) (M) :. § 0.99 (0.53-1.88)
Oh et a/ (2005) (M) § 1.05 (0.97-1.14)
Rapp et a/ (2005) (M) : i 1.32 (0.73-2.37)
N’Kontchou et a/ (2006) (M/W) § i 2.00 (1.40-2.70)
Samanic et a/ (2006) (M) : 1.29 (1.00-1.68)

Summary estimate = 1.17 (1.02-1.34)

Obesity 3
Mgller et a/ (1994) (M) ] 1.90 (1.20-2.90)

Mgller et a/ (1994) (W)
Wolk et a/ (2001) (M)

1.90 (1.40-2.70)
| 3.60 (2.00-6.00)

Wolk et a/ (2001) (W)

1.70 (1.10-2.50)

Nair et a/ (2002) (M/W) 1.65 (1.22-2.22)
Calle et a/ (2003) (M) —— 2.41 (1.92-3.01)
Calle et a/ (2003) (W) — 1.47 (1.08-2.00)
Samanic et a/ (2004) (M, whites) - 1.44 (1.28-1.61)
Samanic et af (2004) (M, blacks) < ——— 0.68 (0.49-0.94)
Batty et a/ (2005) (M) § i 3.76 (1.36-10.4)
Oh et a/ (2005) (M) —R— 1.56 (1.15-2.12)
Rapp et al (2005) (M) : 1.67 (0.75-3.72)
N'Kontchou et a/ (2006) (M/W) — 2.80 (2.00-4.00)
Samanic et a/ (2006) (M) i —— 3.62 (2.62-5.00)
Summary estimate —_— 1.89 (1.51-2.36)
L Il Il Il Il Il I}
05 0.7 1.0 15 20 3.0 45 6.0
Relative risk

Figure 4 Relative risks of liver cancer associated with overweight and obesity. Relative risk estimates are for overweight and obese persons compared with
normal weight persons. Tests for heterogeneity: overweight, Q = 16.83, P = 0.03, /* = 52.5%; obesity, Q = 88.03, P < 0.001, = 86.4%. M: Men; W: Women™?.,
Reprinted by permission from Macmillan Publishers Ltd: [Br J Cancer]. Larsson SC, Wolk A. Overweight, obesity and risk of liver cancer: a meta-analysis of cohort

studies. Br J Cancer 2007; 97: 1005-1008, copyright (2007)*%.

cancer was published in 2007, and clarified the risk of
development of HCC (Table 1), Of the included stud-
ies, seven examined a total of 5037 overweight patients
and 10 examined 6042 obese patientsmj. Patients who
were overweight had a 17% increase in risk of developing
HCC, whereas obese patients had an 89% increase in risk
(Figure 4™ Based on the prevalence of HCC, it was esti-
mated that 28% of HCC cases in men and 27% in women
were due to being overweight or obese™.

In addition to an increased tisk of developing HCC,
overweight or obese patients appear to be at increased risk
for HCC-related mortality. In a population-based study
of cancer mortality and BMI, men with a BMI of 30-34.9
wete found to have a twofold increase in the risk of death
from HCC, with a 4.5-fold increase noted in men with
BMI > 35",

Lastly, via the pathway of the metabolic syndrome
with resultant NASH cirrhosis, obese patients have been
found to be at an increased risk for HCC occurrence.
Many lines of evidence point to the role of cirrhosis as
a mediator in these patients. Firstly, patients presenting
with cryptogenic cirrhosis were found to have a signifi-
cantly higher prevalence of obesity than patients with
cirrhosis from non-alcoholic hepatitis C or autoimmune
liver disease, but a similar prevalence of obesity when
compared to patients with documented NASH"™. These
data are supported by a case-control study in which 49
patients with cryptogenic cirthosis were compared to 98
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matched controls with an established cause of cirrhosis.
In that study, obesity was significantly more prevalent in
the cryptogenic cirrhosis patientsm. Additionally, a ret-
rospective analysis of 19271 American patients who had
undergone liver transplantation found that there were
653 cases of HCC, and those with a diagnosis of cryp-
togenic cirrhosis had an 11-fold increase in the risk of
having HCC™. Therefore, being overweight and obesity,
secondary to cryptogenic cirrhosis, or more likely un-
diagnosed NASH cirrhosis, can increase the risk of de-
veloping HCC. Cleatly, these data suggest that screening
is important for diagnosis of asymptomatic HCC and
highlight the need for surveillance in this population.

DIABETES

Diabetes has been found to increase the risk of develop-
ing chronic liver disease and HCC™. Studies that have
compared patients with cryptogenic cirrhosis to patients
with a known etiology of their cirrthosis have shown a sig-
nificantly higher prevalence of diabetes among the latter
group[“’m. Again, as noted with the overweight and obese,
a similar prevalence of diabetes has been observed among
patients with cryptogenic and NASH cirrhosis™.

In addition to increasing the prevalence of chronic
liver disease, diabetes has also been shown to be an in-
dependent risk factor for the development of HCC. In
a recent systematic review of 13 case control studies, 11
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Citation 0.1 0.2 05 1 2 10 Effect Lower Upper
Lawson et a/ 1986 —_— 4.88 2.03 11.72
Yu et a/ 1991 —a 3.40 1.58 7.29
Hadziyannis et a/ 1995 — - 1.30 0.60 2.79
Shibata et a/ 1997" — 3.54 1.63 7.67
La Vecchia et a/ 1997 —.— 2.86 2.03 4.03
Braga et a/ 1997 —— 2.92 2.01 4.26
El-Serag et a/ 2001 | 3 1.17 0.99 1.37
Lagiou et a/ 2002 —— 1.81 1.17 2.79
Hassan et a/ 2002 3.27 1.70 6.29
Matsuo et a/ 2003 —a— 2.51 1.46 4.32
Yuan et a/ 2004 — 2.78 1.80 4.29
Davila et a/ 2005 . 3.18 2.85 3.54

Pooled risk estimate — 2.54 1.82 3.54
Fukuda et a/ 1993 — 0.67 0.44 1.03
Shibata et a/ 1997 — . 0.44 0.25 0.77
Matsuo et a/ 2003° —.— 0.44 0.29 0.66

Pooled risk estimate —~ 0.51 0.38 0.69

Figure 5 Unadjusted ORs and 95% Cls for the association between diabetes and hepatocellular carcinoma in 13 case-control studies. 'Population-based control
groups; *Hospital-based control groups. Black diamonds indicate weighted average of all studies; Black boxes indicate point estimates for ORs"” Reprinted with El-Serag
HB, Hampel H, Javadi F. The association between diabetes and hepatocellular carcinoma: a systematic review of epidemiologic evidence. Clin Gastroenterol Hepatol

2006; 4: 369-380, Copyright (2006), with permission from Elsevier™”.

Citation 0.1 0.2 05 1 2 10 Effect Lower Upper
Kessler 1970 o 1.14 0.76 1.70
Ragozzino et a/ 1982 1.00 0.06 15.99
Adami et a/ 1996 L 4.10 3.38 4.97
Wideroff et a/ 1997 - 3.23 2.51 4.14
Hjalgrim et a/ 1997 1.00 0.06 15.99
Fujino et a/ 2001 4.27 2.40 7.60
Tazawa et a/ 2002 5.71 1.89 17.29
Zendehdel et a/ 2003 1.50 0.25 8.98
Uetake et a/ 2003 I 0.72 0.18 2.85
Ohata et a/ 2003 [ 1.46 0.88 243
El-Serag et a/ 2004 E 3 2.75 2.39 3.17
Coughlin et a/ 2004 — 2.48 2.07 2.97

Pooled risk estimate 2.50 1.93 3.24

Figure 6 Unadjusted risk ratios and 95% Cls for the association between diabetes and hepatocellular carcinoma in 12 cohort studies. Black diamond indicates

weighted average of all studies; Black boxes indicate the point estimates for risk ratios

. Reprinted from El-Serag HB, Hampel H, Javadi F. The association between diabetes

and hepatocellular carcinoma: a systematic review of epidemiologic evidence. Clin Gastroenterol Hepatol 2006; 4: 369-380, Copyright (2006), with permission from Elsevier”.

supported an association between diabetes and the de-
velopment of HCC"". Among the 13 case-control stud-
ies, subjects with diabetes were found to have a twofold
increase in the risk of HCC; an association that was fur-
ther strengthened by excluding studies with significant
heterogeneity (Figure 5)%7. This association was also ap-
preciated amongst 12 cohort studies evaluated (Figure 6).
The presence of diabetes remained an independent risk
factor for HCC after adjustment for alcohol use or viral
hepatitis in the studies that evaluated these factors'’.
Howevet, as dictated by the limitations of the studies
available in the literature, further well-defined studies are
required to account for dietary factors and obesity.

DIET

Several studies have examined whether alterations in diet
have an effect on the risk of HCC. A trial from Italy has
examined a broad range of dietary habits among 185
patients with HCC and 412 patients without cancer™*.
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Those with HCC were more likely to consume a large
amount of calories, wete five times more likely to be
former drinkers, and were 30 times more likely to be
infected with either HCV or hepatitis B virus (HBV).
Among dietary compounds, consumption of iron and
thiamine were associated with a significant threefold
and twofold increase in risk of HCC, respectively. Con-
versely, B-carotene and linoleic acid consumption was
associated with a reduced risk of HCC™"
tion between intake of iron was also evaluated according
to the presence or absence of viral hepatitis*”. When
compared to appropriate controls, consumption of iron

. An associa-

among patients without viral hepatitis was associated
with a significantly increased risk of HCC™, This in-
crease in risk was not conferred to those with HCV or
HBV. In a similar study, those subjects with consump-
tion in the highest quartile for yogurt and milk, white
meat and eggs had a significantly lower likelihood of
developing HCC™. This effect was observed in patients
with and without viral hepatitism
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Cohort studies : Relative risk (95% CI)
Inoue et a/ 2005 —i— 0.60 (0.48-0.75)
Shimazu et a/ 2005 (cohort 1) = : 0.46 (0.20-1.07)
Shimazu et a/ 2005 (cohort 2) ; 0.53 (0.20-1.43)
Kurozawa et a/ 2005 = } 0.40 (0.21-0.74)

All cohort studies —_— 0.56 (0.46-0.69)

Case-control studies
Gallus et af 2002 — 0.74 (0.60-0.92)
Gelatti et a/ 2005 — 0.60 (0.44-0.80)
Ohfuji et a/ 2006 0.29 (0.07-1.18)
Tanaka et a/ 2007 ] 0.40 (0.28-0.58)
Montella et a/ 2007 = 0.61 (0.38-0.98)

All case-control studies <> 0.57 (0.44-0.75)

Al studies —_ 0.57 (0.49-0.67)

L | | | |
0.2 0.3 0.5 0.7 1 1.2
Relative risk

Figure 7 Relative risks of liver cancer associated with coffee consumption (per 2 cups/d increment). Squares represent study-specific relative risk estimates
(size of the square reflects the study-specific statistical weight, that is, the inverse of the variance); horizontal lines represent 95% Cls; diamonds represent summary
relative risk estimates with corresponding 95% Cls. Tests for heterogeneity: all studies, Q = 11.56, P = 0.17, /* = 30.8%; cohort studies, Q = 1.74, P = 0.63, /°
= 0%; case-control studies, Q = 9.28, P = 0.05, /* = 36.9%. Reprinted from Larsson SC, Wolk A. Coffee consumption and risk of liver cancer: a meta-analysis.
Gastroenterology 2007; 132: 1740-1745, Copyright (2007), with permission from Elsevier™.

Other studies from Japan and Europe have found those
who consume a large amount of green vegetables have
a significantly lower likelihood of developing HCCP"™.
One study has shown that eating green vegetables daily, as
compared with consumption fewer times per week, had a
protective effect against the development of HCC (OR:
0.75, 95% CI: 0.60-0.95)"". On the contrary, a Greek study
has found no association between vegetable intake and re-
duction in the risk of developing HCC™,

In summary, there is evidence to suggest that con-
sumption of yogurt and milk as well as vitamin supple-
ments offers a protective effect against HCC. The enthu-
siasm for these findings however should be tempered by
the fact that the majority of these studies were retrospec-
tive in nature.

COFFEE

In addition to its reported association with reductions in
bladder cancer and colorectal cancer, coffee consump-
tion has also been extensively studied and appears to
have a potentially favorable effect on the prevention
of liver diseases, including HCC®. There are several
hypotheses that could explain why consuming coffee at-
tenuates the risk of developing HCC. One hypothesis ar-
gues that coffee intake lowers serum levels of y-glutamyl
transferase (GGT), which is associated with a lower in-
cidence of HCC™™. Coffee consumption has also been
linked to a lower incidence of cirrhosis, which is a major
risk factor for the development of HCC",

An analysis of two large prospective studies of >
70000 participants in Japan has shown that those who
drank one or more cups coffee daily had a significantly
lower risk of developing HCC'™. A case-control study
of 2746 people has found that those who drank three
or more cups of coffee were 40% less likely to develop
HCC™., Similar results have also been found in an array
of studies conducted in Europe and Japan[w’“].
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3609

Additionally, two meta-analyses that have examined
the association between coffee drinking and the risk of
developing HCC have recently been published. The first
was inclusive of four cohort studies and five case-control
studies . In the pooled analysis, a 43% lower risk of de-
veloping HCC was found for those who drank more than
two cups of coffee per day (RR: 0.57, 95% CI: 0.49-0.67)
(Figure 7). The second meta-analysis examined four
cohort studies from Japan and six from Japan and South-
ern Burope!. There were differing definitions of low
and high coffee consumption, however, the results of the
studies were consistent. In summary, those who drank any
coffee compared to non-drinkers had a significantly lower
risk of HCC (RR: 0.59, 95% CI: 0.49-0.72). The greater
the coffee consumption, the greater the attenuation in
HCC 1isk. Low coffee consumption was associated with a
30% reduction in risk and high consumption with a 55%
reduction in HCC risk (Figure 8)".

Although these results are impressive and consistent,
one must consider that the findings of an inverse rela-
tionship between coffee consumption and the risk of
HCC might be influenced by bias. Coffee metabolism is
impaired in cirrhotic livers as compared to the normal
liver. This altered metabolism generates an increase in
the untoward side effects of the beverage. Therefore, the
presence of liver disease might lead affected patients to
consume less coffee. This could result in a falsely negative
association. Therefore, the potential bias of this associa-
tion in the liver disease patient cannot be discounted.

ALCOHOL

The mechanism by which alcohol consumption increases
the risk of HCC is primarily through the development of
cirthosis. It has been suggested that heavy alcohol con-
sumption of > 80 g/d ethanol for at least 5 years increas-
es the risk of HCC by neatly fivefold. The risk appears
to be proportional to the amount of alcohol consumed.
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Study Case RR (95% CI) Case RR (95% CI)
low/non-drinker . high/non-drinker
Case-control studies :
Kuper et a/ 2000 231/36 0.86 (0.59-1.27) — 64/36 0.60 (0.36-0.99) —
Gallus et a/ 2002 292/93 0.84 (0.66-1.07) l— 114/93 0.50 (0.38-0.66) ~.»
Gelatti et a/ 2005 119/44 0.80 (0.44-1.44) —i— 87/44 0.36 (0.21-0.64) ——
Montella et a/ 2007 117/27 0.80 (0.52-1.25) —— 41/27 0.40 (0.24-0.69) —a—
Ohfuji et a/ 2006 19/25 0.61 (0.18-2.05) 4*%7 29/25 0.38 (0.13-1.12) 4%7
Tanaka et a/ 2007 53/127 0.33 (0.22-0.49) —a— 29/127 0.25(0.16-0.39) —
Pooled estimate 831/352 0.68 (0.48-0.96) <> 364/352 0.42 (0.32-0.55) <>
Cohort studies
Inoue et a/ 2005 101/161 0.67 (0.56-0.81) l 72/161 0.42 (0.26-0.69) —
Shimazu et a/ 2005 (cohort 1) 25/29 0.56 (0.33-0.96) . 16/29 0.53 (0.28-1.00) —
Shimazu et a/ 2005 (cohort 2) 21/12 1.05 (0.52-2.14) 7.7 14/12 0.68 (0.31-1.50) %—
Kurozawa et a/ 2005 57/103 0.83 (0.55-1.26) — - 98/103 0.50 (0.31-0.80) ——
Pooled estimate 701/477 0.70 (0.60-0.82) <> 372/477 0.50 (0.38-0.66) <>
Pooled estimate of all studies 1532/829 0.70 (0.57-0.85) <> 736/829 0.45 (0.38-0.53) <>

0.25 0.5 1 2
Relative risk

0.25 0.5 1 2
Relative risk

Figure 8 Summary RRs of hepatocellular carcinoma for low or moderate and high coffee drinkers vs non-drinkers from case-control and cohort studies.
Low or moderate consumption was defined as < 3 cups per day for Gallus et al, Gelatti et al, Inoue et al and Montella et al and as < 1 cup per day for Ohfuiji et al,
Tanaka et al, Kurozawa et al, and Shimazu et al; High consumption was defined as = 3 cups per day for Gallus et al, Gelatti et al, Inoue et al, and Montella et al
and as = 1 cup per day for Ohfuji et al, Tanaka et al, Kurozawa et al, and Shimazu et al. Bravi F, Bosetti C, Tavani A, Bagnardi V, Gallus S, Negri E, Franceschi
S, La Vecchia C. Coffee drinking and hepatocellular carcinoma risk: a meta-analysis. Hepatology 2007; 46: 430-435%". Copyright 2007, John Wiley & Sons, Inc.

Reproduced with permission of John Wiley & Sons, Inc.

As characterized by a meta-analysis, relative risks of 1.19
(95% CI: 1.12-1.27), 1.40 (95% CI: 1.25-1.56), and 1.81
(95% CI: 1.50-2.19) were associated with the consumption
of 25,50 and 100 g/d alcohol, respectively[(’q].

In addition to a daily dose response, persistent alco-
hol consumption appears to have a long-term effect on
the risk of HCC occurrence. A prospective case-control
study from Japan has observed that heavy alcohol drink-
ers, defined as > 600 L of alcohol during a lifetime, had
a fivefold increase in the risk of HCC in comparison to
non-drinkers or those who consumed < 600 L of alco-
hol (OR: 5.19, 95% CI: 2.53-10.64)"". However, the risk
of HCC among those who consume low or moderate
levels of alcohol remains unknown'",

An association between genetic polymorphisms of
the enzymes participating in the metabolic pathway of
ethanol and the increased risk of HCC in heavy alcohol
drinkers has been also proposed as a mechanism by which
HCC develops. The frequency of aldehyde dehydrogenase
2 (ALDH?2) genotype polymorphisms is significantly as-
sociated with increased risk of HCC in heavy alcohol
drinkers (OR: 2.53, 95% CI: 1.63-58.60)™. A study from
Italy has observed that, among subjects who consumed >
100 g/d of ethanol and were bearers of the gluthatione
S-transferase M1 (GSTM1) null genotype had twice the
risk of HCC compared with bearers of the GSTM1 non-
null genotype (OR: 8.5, 95% CI: 3.9-18.6 »s OR: 4.5, 95%
CI: 2.0-10.0)™".

SMOKING

Several studies have evaluated the association between
smoking and development of primary liver cancer. A pro-
spective cohort study including 4050 men aged = 40 years
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who were followed-up for an average length of 9 years ob-
served that those who smoked had a threefold increased risk
of primary liver cancer when compared to never smokers
(RR: 3.3, 95% CI: 1.2-9.5)™. Additionally, a study from
Korea has found a 50% increase in the risk of primary
liver cancer for current male smokers compared to never
smokers™, In contrast however, a recent population-based
case-control study from the United States did not observe
a significantly increased risk of primary liver cancer among
current male smokers”?. Male ex-smokers, however, had
a significant increase in risk of primary liver cancer, which
suggests that there is perhaps a dose or duration response
underlying this association'””, Such responses were fur-
ther explored in the Korean Cancer Prevention study that
included 1283112 subjectsm. Although the amount of
smoking did not alter the risk of HCC, the duration of
smoking significantly increased the risk of HCC for sub-
jects who had smoked for > 20 years when compared to
those who had smoked for < 10 years'”,

The association between tobacco and liver cancer
and its reliance on host factors such as genetics, sex, and
an underlying history of viral hepatitis has also been
explored. With respect to the role of genetics, a small
study from Japan has evaluated 78 patients with HCC and
genetic polymorphisms of tobacco and alcohol-related
metabolizing enzymes and 138 hospital controls without
cancer. They have demonstrated that cigarette smokers
did not have a significantly increased risk of HCC when
compared with non-smokers”. To analyze the effect of
sex, a prospective cohort study that included 83 885 pa-
tients followed up for 8 years observed a positive associa-
tion between smoking and HCC in women who smoked
> 10 cigarettes per day (RR: 4.2, 95% CI: 1.3-13.8)",
However, no significant increase in the risk of HCC was
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Henderson Random weight OR (95% CI)
Forman | -— 0.35 6.23 (0.28-137.69)
Neuberger - —a 1.16 3.23 (0.85-12.30)
La Vecchia | B B 1.64 1.00 (0.41-2.45)
Palmar 1.04 2.87 (0.66-12.43)
WHO | —H=r 0.36 14.50 (0.72-293.75)
Vall Mayans 2.13 0.70 (0.42-1.18)
Kew —_— 0.82 4.69 (0.80-27.63)
Yu I 1.25 1.88 (0.55-6.47)
Hsing = 1.43 2.41 (0.82-7.06)
Tavani + B 2.12 1.49 (0.88-2.52)
MILTS | E} 1.56 2.18(0.83-5.71)
2.40 0.56 (0.44-0.72)
Combined | ‘ — ‘ ‘ 1.57 (0.96-2.54) (P = 0.07)
0.01 0.1 1 10 100

Unadjusted odds ratio

Figure 9 Forest plot showing adjusted OR and 95% Cl for the association between oral contraceptive and hepatocellular carcinoma for the eight studies
that included adjusted ORs. The diamond symbol indicates the weighted random pooled OR of all studies included in the analysis. Reprinted from Maheshwari S,
Sarraj A, Kramer J, El-Serag HB. Oral contraception and the risk of hepatocellular carcinoma. J Hepatol 2007; 47: 506-513, Copyright (2007), with permission from

Elsevier™.
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demonstrated among male smokers”

. Additionally, to
determine the effect of viral hepatitis on the association
between HCC and tobacco, a prospective study of 12008
men observed that smoking significantly increased the
risk of HCC only in anti-HCV-positive patients but not
in those who were anti-HCV-negative when compared to
anti-HCV-negative nonsmoking individuals"".

In addition to an increase in the risk of developing
HCC, it is also suggested in the literature that smoking
increases the risk of death in HCC. In the Korean Cancer
Prevention cohort study, men who were current smokers
had an increased risk of death from HCC™. Women who
were current smokers did not have the same elevation
in risk of HCC-related death as that observed in men!™.
These findings were further replicated in the Japan Col-
laborative Cohort (JACC) Study that analyzed 65528 sub-
jects aged 40-79 years'”. In this cohort, an increased risk
of death due to HCC was shown among current and ex-
smokers””. Further analyses from the JACC cohort dem-
onstrated that cigarette smoking significantly increased the
risk of death from HCC in individuals positive for anti-
HCV antibody"”.

ORAL CONTRACEPTIVES

Prior to the widespread use of oral contraceptives (OCs),
benign liver tumors in young women were rarely ob-
served. In the current case report literature, however,
therapy with oral contraceptives appears to be associated
with the development of benign liver tumors such as
hepatic hemangioma, hepatocellular adenoma or focal
nodular hyperplasia[so’sﬂ. Although not well researched,
it has been proposed that OCs might also be associated
with malignant liver tumors including HCC™™!, Rarely,
malignant transformation can occur within the context
of hepatic adenomas. It is unclear, however, whether the
use of OCs influences the likelithood of developing ad-
enoma and that these benign tumors transform.

Within the literature, there have been 14 cases of
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hepatic adenoma with focal malignant transformation to
HCC in women taking OCs™™. The mean age of these
patients at the time of diagnosis of malignant transforma-
tion was 306 years (range: 23-57 years) and the mean dura-
tion of OC use was 11 years (range: 1 mo-20 years)® ™,
Although difficult to obtain from the literature, the fre-
quency of HCC among hepatic adenomas appears to vary
from 5% to 18%™*",

To evaluate further the risk of HCC in the setting of
OC use, several observational studies have been conducted.
A recent meta-analysis of 12 case-control studies, including
739 cases and 5223 controls, which evaluated the risk of
HCC among women using OCs indicated that there was
no increase in risk of HCC with short-term use; defined as
< 5 years of exposure[%‘. An analysis of all studies in the
aforementioned meta-analysis yielded a pooled unadjusted
OR of 1.57 (95% CI: 0.96-2.54)™. An adjusted analysis,
which accounted for variables such as age, race and par-
ity, did not yield significant findings (Figure 9)™. On the
contrary, six studies have observed a significantly increased
risk of HCC among women taking OCs for > 5 years; an
increase in risk of 2-20-fold””. However, given the variable
periods of duration used in each of the studies, a pooled
estimate of risk could not be generated[%]. Based on these
results, further studies are required to evaluate the associa-
tion between OCs and the risk of HCC and how such risk
is modified by duration of OC use. Additionally, it should
be noted that an association between new-generation OCs
with lower doses of hormones and the risk of HCC has
not yet been explored.

BETEL QUID

The chewing of betel quid is woven into the cultural
fabric of up to 20% of the world population. Betel quid
consists of the nut of the Areca catechu palm (areca nut),
betel leaf or fruit from Piper betle and red slaked paste[%].
These ingredients have been shown to have genotoxic,

[97-102

mutagenic and tumorigenic properties 1A case-con-
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trol study from Taiwan has shown that betel quid chew-
ing was an independent risk factor for liver cirrhosis (OR:
3.56, 95% CI: 1.41-8.96)""".

Recently, two prospective case-control studies from
Asia also have observed a significant association between
betel quid chewing and the incidence of HCC. One
such study included 263 pairs of age- and sex-matched
patients with HCC and healthy controls and observed
that betel quid chewing was an independent risk factor
for HCC, with a threefold risk noted (OR: 3.49, 95% CI:
1.74-6.96). The aggregate risk increased with increas-
ing duration and/or quantity of consumption[%]. These
data were further supported by a study from Taiwan,
including 420 age- and sex-matched patients with HCC
and liver cirrhosis, liver cirrhosis only and healthy con-
trols. In this study, a neatly sixfold and nearly twofold
increased risk of HCC was observed in patients with
HCC compared with healthy controls and patients with
liver cirrhosis, respectivelym‘”. Additionally, they found
an additive interaction between betel quid chewing and
chronic HBV and/or HCV infection.

AFLATOXIN

Aflatoxin B1 (AFB1) is the major metabolite of the molds
Aspergillus fumigatus and Aspergillus parasiticus. These molds
grow on a variety of food products that are stored in
warm and damp conditions or are cultivated in countries
with hot and humid climates™™"". AFB1 induces a single
nucleotide substitution in codon 249 in the p53 tumor
suppressor gene, which results in the change of the amino
acid arginine to serine! """, This mutation is present in up
to 50% of patients with HCC who are indigenous to geo-
graphic regions with high exposure to AFB1"* " On the
other hand, this mutation is absent in patients with HCC
from regions with low exposure to AFB1 M2 Moreover,
it has been recently demonstrated that AFB1-albumin ad-
ducts in patients with HCC correlate significantly with the
presence of plasma DNA hypermethylation and muta-
tions in the p76 and p53 tumor suppressor genes' "
Several studies have evaluated an association between
the risk of HCC and exposure to AFB1. A prospective
case-control study from China which included 18244
middle-aged men showed that individuals with the pres-
ence of urinary aflatoxin biomarkers had a significantly
increased risk of HCC after adjusting for HBV surface
antigen seropositivity and cigarette smoking ", These
data were further supported by a community-based co-
hort study from Taiwan which found that elevated AFB1
exposure measured by detectable AFB1-albumin adducts
was an independent risk factor for HCC after adjustment
for important confounders (OR: 5.5, 95% CI: 1.2-24.5)""7,
It should be stressed that areas with high exposure to
AFB1 are also characterized by a high prevalence of HBV
infection. AFB1 is independent of the risk conferred
by HBV, however concomitant exposure to both HBV
and AFB1 markedly increases the risk of HCC. When
compared to those without HBV infection and absence
of urinary AFB1 markers, the risk of HCC was 60 times
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higher in patients with HBV infection and a concomitant
elevation of urinary AFB1 markers (RR: 59.4, 95% CI:
16.6—212.0)[“5]. Patients with HBV infection and normal
urinary AFB1 markers had sevenfold increase in risk of
HCC when compared to appropriate controls'"”.

CONCLUSION

Multiple non-viral factors have been implicated in the de-
velopment of HCC. Hemochromatosis and iron overload
syndromes have consistently been shown to dramatically
increase the rate of HCC. Additionally, factors such as
obesity and diabetes, which operate »ia NASH cirrhosis
or perhaps independently, have also been demonstrated to
increase the risk of HCC. This phenomenon has closely
mirrored the epidemic of obesity over the last 15-25 years.

With respect to other exposures, although alcohol
and tobacco cleatly increase the risk of HCC develop-
ment and mortality, other exposures such as coffee and
high levels of vegetable consumption may be protec-
tive against this condition. Further studies are urgently
needed to determine the pathogenesis that underlies the
occurrence of HCC in the setting of these exposures, as
well as the way in which such risk is modified by envi-
ronmental and host characteristics such as genetics.

Clarification of relevant non-viral causes of HCC will
help to focus clinicians on those risk factors that are
modifiable. With more information, future surveillance
efforts will be more appropriately targeted toward popu-
lations at greatest risk. This multilevel preventative ap-
proach will hopefully lead to a reduction in incidence of
non-viral HCC, and a decrease in the patient morbidity
and mortality as well as the societal economic burden as-
sociated with HCC.
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Abstract

Primary biliary cirrhosis (PBC) is a chronic, progressive,
cholestatic, organ-specific autoimmune disease of un-
known etiology. It predominantly affects middle-aged
women, and is characterized by autoimmune-mediated
destruction of small- and medium-size intrahepatic bile
ducts, portal inflammation and progressive scarring,
which without proper treatment can ultimately lead to
fibrosis and hepatic failure. Serum autoantibodies are
crucial tools for differential diagnosis of PBC. While it is
currently accepted that antimitochondrial antibodies are
the most important serological markers of PBC, during
the last five decades more than sixty autoantibodies
have been explored in these patients, some of which
had previously been thought to be specific for other
autoimmune diseases.
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INTRODUCTION

Primary biliary cirrhosis (PBC) is a progtessive autoimmune
liver disease characterized by infiltration of lymphocytes
in portal tracts, progressive destruction of intrahepatic
small bile ducts and the presence of serum antimitochon-
drial antibodies (AMA)", As is the case for the major-
ity of autoimmune diseases, PBC affects predominantly
women. Recent investigations have suggested that PBC,
sometimes asymptomatic, is not a rare disease. During the
last several years advanced biochemical assays, further de-
lineation of specific liver histological findings, more effec-
tive serum autoantibody detection methods and improved
diagnostic abilities have led to higher prevalence estimates
worldwide". Currently it is believed that PBC is likely to
be triggered by a combination of environmental factors
including infection in a genetically susceptible individual.
This hypothesis is supported by the high concordance
rate of PBC among first-degree relatives and in homozy-
gous twins (approximately 60%)*". Specific immunologic
damage to biliary epithelium and a mechanism of tissue
destruction in PBC has been elucidated®”. In addition,
epitopes of T cells and B cells targeting mitochondrial
autoantigens have been identified"""?. Furthermore, a
number of autoantibodies previously thought to be spe-
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cific markers for another autoimmune disease have been
detected in patients with PBC.

Disease progression and clinical manifestations in PBC
varies. The fact that a vatiety of autoantibodies have been
detected in PBC suggests the disease has a complicated
pathogenesis. In this review, the properties of these auto-
antibodies and their autoantigen characteristics, as well as
their pathogenetic and clinical significance were discussed.

AMA

The presence of AMA is pathognomonic for PBC", and
it is generally accepted that AMA can be detected in serum
years before the advent of any clinical manifestation or
biochemical abnormality" ', AMA were first described in
1958 in sera from patients with chronic liver disorders
and then detected by Walker ez a™ in 1965 using an im-
munofluorescence test. In the past 40 years an enormous
number of experimental studies have focused on AMA,
and numerous rewarding discoveries have been made.
Thete are nine subtypes of AMA, four of which have been
involved in PBC, including anti-M2, anti-M4, anti-M8 and
anti-M9. It has been demonstrated that the autoantigens
recognized by anti-M2 are located in the inner membranes
of mitochondria, whereas those recognized by anti-M4,
anti-M8 and anti-M9 are located in the outer mitochondrial
membranes. Anti-M9 can be detected in both anti-M2-
positive and -negative PBC patients, while anti-M4 is only
positive in the presence of anti-M2. All four of these AMA
subtypes ate relatively specific for the diagnosis of PBC.

Anti-M2

M2 has been found to contain five antigenic determinants,
with molecular weights of 70 kDa (a), 56 kDa (b), 51 kDa
(c) 45 kDa (d) and 36 kDa (e), all of which were identified
subsequently as members of the 2-oxoacid dehydrogenase
complex of enzymes within the mitochondrial respira-
tory chain, including the E2 subunit of the pyruvate de-
hydrogenase complex (PDC-E2), the E2 subunit of the
branched-chain 2-oxoacid dehydrogenase complex, the
E2 subunit of the 2-oxoglutarate dehydrogenase com-
plex, Elt alfa subunits of PDC and E3 binding protein
(protein X)!"?". The exact molecular weight of the M2
band differs among laboratories according to mitochon-
dria species being used and specifics of techniques for
antigen preparation and detection. In patients with PBC,
approximately 90%-95% of serum samples react against
PDC-E2, making this the most important autoantigen in
the disease. Anti-M2 is the most important subtype used
in routine diagnostic tests for PBC. Its level in affected
sera 1s high and it also exists in other body fluids such as
saliva and bile”™ ™. As AMA is considered to be the hall-
matk of PBC, a positive test is potentially diagnostic, or at
least indicative that the individual is at increased risk for
future development of pBC™.

Anti-M4
The anti-M4 antibody was originally detected in patients
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with chronic cholestatic liver disease (mixed form) as-
sociated with two different types of complement-fixing
AMAPY. M4 is a single antigen with molecular weight of
52 kDa. It can be detected by a complement fixation test
but not immunoblotting. Unlike M2, the M4 antigen is
trypsin-insensitive and its band at sucrose densities is 1.08
to 1.14. Anti-M4 is found predominantly in patients with
histological features of chronic active hepatitis and PBC.
Recent studies have identified the major proteins in the
M4 fraction which is related to the PDC-E1 subunits and

sulphite oxidase™".

Anti-M8

The M8 antigen is also trypsin-sensitive with a band at
sucrose densities of 1.16 to 1.24. Anti-M8 has been found
only in coexistence with anti-M2, the presence of anti-M8
indicates progressive disease activity. On the other hand,
not all anti-M2-positive patients have anti-M8. Like M4, the
MS8 antigen also locates in the outer mitochondrial mem-
branes”’

Anti-M9

Anti-M9 antibody was accidentally found when testing
anti-M2-positive sera against trypsinized submitochon-
drial particles from rat liver shown to be devoid of
anti-M2”. Anti-M9 antibody is detected predominantly
in patients with asymptomatic and early PBC, and it also
can be positive in anti-M2-negative PBC patients. Un-
like anti-M4 and anti-M8, which seem to reflect disease
activity, anti-M9 antibody occurs early in PBC. Patients
with only anti-M9 have all the typical biochemical fea-
tures found in classic anti-M2-positive patients, but seem
to have slower disease progression and benign outcome,
whereas patients having complement-fixing antibod-
ies against anti-M2, anti-M4, and anti-M8 seem to have
more active disease and worse outcome™ ", though this
finding wasn’t supported by a blinded study on Dutch
PBC patients conducted by Vleggaar ez al™.

ROLE OF AMA IN PBC PATHOGENESIS

Although AMA serve as highly sensitive markers for the
diagnosis of PBC, autoantibodies against various mito-
chondrial enzymes can frequently be detected in patients
with other diseases, such as primary Sjégren’s syndrome
(pSS), scleroderma, autoimmune hepatitis™** and some
infectious diseases like tuberculosis and viral hepatitisps’mj.
It is very interesting that the prevalence of AMA in first-
degree relatives of PBC probands is as high as 13.1%,
whereas in gender, age, race, and residence-matched con-
trols the prevalence is only 1%, suggesting that environ-
mental risks and genetic determinants ate likely implicated
in the etiology of pBC™

As no clinical correlation can be found, and animal
models with serum AMA do not consistently have PBC-
like liver lesions, the exact role played by AMA in the
immunopathology and pathogenesis of PBC remains elu-
sive. However, current data indicate that the destruction
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of biliary cells is mediated by liver-infiltrating autoreactive
T cells specific for the dominant PDC-E2 autoantigen[”]
The dominant epitopes of autoreactive T and B cells have
been identified. The CD4" T cell epitope appears to local-
ize to peptides 163-176, the CDS8" T cell epitope appears
to localize to peptides 159-167, while the B cell epitope
appears to localize to peptides 167-186""*. Furthermore,
the most prominent immune features of autoreactive
CD4" and CD8" T cells can be detected in peripheral
blood from patients with PBC. The disease-related AMA-
specific CD8" T cells are entiched up to about 10-fold and
the CD4" T cells are enriched up to more than 100-fold
in liver compared to peripheral blood samples[42’44]. Pres-
ently the data suggest that B and T cells in PBC patients
respond simultaneously to the same autoantigen, and that
both are involved in the pathogenesis of PBC.

Study of stored sera of well-charactetized PBC patients
followed for 7-28 years indicate that AMA levels are not
associated with disease severity and progression. Most
studies except the one conducted by Poupon et al™ did
not support that AMA levels could be affected by treat-
ments during the observation period™ . In fact, low
levels of AMA persisted for up to 11 years following
liver transplantationm. AMA are non-organ- and non-
species-specific, and contain IgA, IgG and IgM subclasses.
Data from PBC patients demonstrate that the presence
of AMA IgA in sera or saliva might be associated with
disease progression” and some studies suggested that
greater concentrations of AMA IgA in biliary and mu-
cosal secretions, constant transcytosis, would render the
exposed cells more susceptible to apoptosis resulting in
subsequent bile duct damage[48], while others proposed
the hypothesis that AMA IgA can be transported to the
vascular side of the bile duct cell where it can induce
apoptosis by reacting with PDC-E2-like molecules located
on the luminal surface cell membrane™. Many studies
have demonstrated that the different AMA IgG subclasses
have different clinical significance. PBC patients positive
for IgG3 AMA had histologically more advanced disease
and were more frequently cirrhotic than those who were
negative. Furthermore, there was a positive correlation
between AMA IgG3 titers and Mayo risk scores: this sub-
class is associated with poor prognosis, possibly reflecting
the peculiar ability of this isotype to engage mediators of
immunological damage®™”.

Currently it is believed that a positive AMA titer is vir-
tually pathognomonic of current PBC or risk for future
development of the disorder, although the mechanisms
leading to the generation of AMA have not been eluci-
dated. Several possible mechanisms have been suggested
regarding the generation of AMA, such as oxidative dam-
age, molecular mimicry and changed biliary epithelial cell
BEC) apoptosism’Szl. The fact that high levels of AMA
can be detected in patients with acute liver failure supports
the hypothesis that oxidative stress-induced liver damage
may lead to induction of AMA™. But it is also surpris-
ingly true that the AMA in these patients disappeat rap-
idly, suggesting the pathogenesis of PBC is multifactorial.
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It has been demonstrated that molecular mimicry between
bacterial or viral antigens and mitochondrial antigens can
trigger the generation of AMA in PBC"*, Modifica-
tion of the inner lipoyl domain of E2 with halide or ethyl
halide results in increased reactivity of AMA from PBC
patients, suggesting that xenobiotics might make cellular
components antigenic[%].

There is growing evidence showing that the onset of
PBC may be the result of inefficient removal of apoptotic
cells. It is of interest to note that a recent report proposed
that PDC-E2 in patients with PBC is released without
caspase cleavage from apoptotic BEC, supported by the
fact that glutathionylation of the lysine lipoic acid moiety
on the PDC-E2 is sometimes, though not commonly,
decreased by serum AMA iz Bcl-2"". Other studies show
that apoptotic cells are phagocytosed by BECs, a function
mediated by anti-CD16, and so consequently act as an
exogenous source of autoantigens in cholangiocytes[g’ssl.
Defects in the elimination of apoptotic cells can lead to
secondary necrosis accompanied by subsequent release of
intracellular components, which might explain the genera-
tion of autoantibodies against intracellular antigens like
AMAP,

Further studies in the field of AMA in PBC have led
to speculation about the existence of an AMA-negative
PBC subgroup. It is not clear whether there is indeed such
a subgroup, having distinct features, or if this is an artifact
due to technical limitations of current AMA detection
methods leading to false-negative results in some PBC
patients™, Present data indicate that there is no discern-
able difference between AMA-positive and -negative PBC
in terms of clinical manifestations, liver biochemistry
and histopathology findings, disease course, as well as
response to treatment” . As more sensitive and specific
serologic tests are applied, many patients initially believed
to be AMA-negative are subsequently found to be AMA-
positivelé4’65J. These findings cast doubt on the existence

of a true AMA-negative PBC subgroup.

ANTINUCLEAR ANTIBODIES IN PBC

Antinuclear dot antibodies (SP100, PML, NDP52 and
SP140)

PBC patients often have autoantibodies with nuclear dot
(ND) stain patterns in the indirect immunofluorescence
(IIF) assay. The major antigens associated with ND are as
follows: sp100 proteins, which are transcription-activating
proteins autoantigenic primarily in patients with PBC
and occasionally in rheumatic disorders®*"”; promyelo-
cytic leukemia (PML) protein, a transformation and cell-
growth suppressing protein aberrantly expressed in PML
cells that was discovered in studies of the development
of acute PML; NDP52, a protein of the myosin VI bind-
ing partners which was previously shown to contribute
to innate immunity’®*”; and sp140 proteins, which are
identified as autoantigenic proteins in PBC recently.
Sp100 and PML were discovered in the context of leu-
kemic transformation and as autoantigens in PBC™.
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They are reported to be co-autoimmunogenic, often in
patients with PBC". The sp100 antigen was described by
Szostecki ef al*” as a peptide of 480 amino acids with an
aberrant electrophoretic mobility to 100 kDa, and a cal-
culated molecular weight of 53 kDa. It was subsequently
characterized by complementary DNA cloning, and the
deduced amino acid sequence was found to contain se-
quence similarities with HIV-1 nef proteins”. The prev-
alence of anti-sp100 antibodies in PBC is about 25%,
and it appears to be highly specific for a diagnosis of
PBC, but only when other diseases can be excluded and
™™ The presence
of anti-sp100 antibodies serves as a serologic marker
of PBC, which could be useful in clinics to confirm the
diagnosis, especially in AMA-negative PBC patientsws’m.
Recent data indicate that as reports of AMA-negative
PBC decrease due to development of more sensitive
and specific serologic tests for serum AMA, anti-sp100
antibodies appear to be more common in AMA-positive
PBC patients than in those who are AMA—negativem’m.
Also, anti-sp100 antibodies are increasingly found to

the typical clinical context is present

be present in many clinical conditions, such as systemic
lupus erythematosus (SLE) and pSS. It is of interest to
note that among female patients with urinary tract infec-
tions but no liver disease, 80% of the AMA-positive, but
none of the AMA-negative patients were also positive
for anti-sp100 antibodies. It is also well established that
among PBC patients, about 74% of patients with urinary
tract infections were positive for anti-sp100, whereas the
positivity was only 4.8% in PBC patients without urinary
tract infections'”. Given the high specificity of anti-
sp100 as an immunoserological hallmark of PBC, these
findings support the hypothesis that some infections such
as Escherichia coli are involved in the induction of PBC-
specific autoimmunity.

PML protein was discovered in cells of patients with
acute PML as a protein fused with the retinoic acid re-
ceptor-a (RAR)™*!. PML protein functions as a nuclear
hormone receptor transcriptional coactivator™. Subse-
quently it was shown to form ND patterns when tested
by immunofluorescence microscopy with serum anti-
PML antibodies from PBC patients. Anti-PML antibod-
ies often coexist with anti-sp100 antibodies in individuals
with PBC™, and are present in about 19% of PBC pa-
tients™. Current study indicates that anti-PML antibod-
ies are highly specific for PBC even when autoantibodies
against mitochondrial antigens are not found™.

Anti-sp140 antibodies were recently identified for the
first time in patients with PBC by Granito ez al®. They
are present in about 15% of PBC patients and are highly
specific for PBC. Anti-sp140 antibodies coexist with
anti-sp100 and anti-PML antibodies. No association was
found between anti-sp140 and any particular clinical fea-
ture of PBC.

Antinuclear pore antibodies (gp210 and p62)
In addition to AMA, a number of nuclear antigens have
been recognized as targets of antinuclear antibodies
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(ANA) in patients with PBC, including several compo-
nents of the nuclear pore complex (NPC), such as the
gp210 and p62 proteins. These antibodies have a nuclear
petiphery fluorescence pattern in the IIF assay, as first
reported by Ruffatti ez a/™ in 1985. Several reports re-
vealed that the frequency of PBC-specific nuclear enve-
lope antibodies ranged from 16% to 30%"*" and that
the frequency increased greatly when fluorescent-labeled
specific antiserum of the IgG subclass was appliedlss’sgj.
In 1990 a study by Lassoued ¢ /™ showed that autoan-
tibodies from patients with PBC having a punctate fluo-
rescence pattern in IIF react with a protein of molecular
mass approximately 200 kDa, which was identified as the
NPC membrane protein nglOp”. Gp210 is an integral
glycoprotein of the nuclear pore consisting of three main
domains: a large glycosylated luminal domain, a single hy-
drophobic transmembrane segment and a short cytoplas-
mic tail. Gp210 is recognized by antibodies in approxi-
mately 25% of patients with PBC"™. The gp210 epitope
recognized by most of the autoantibodies is a 15 amino
acid stretch in the cytoplasmic, carboxyl-terminal domain
of the protein. In the ANA category, these anti-gp210
antibodies are particulatly significant since they are highly
specific for PBC”". In addition, several reports link the
presence of anti-gp210 antibodies in PBC patients with
disease severity and poor prognosis. Since the presence
of anti-gp210 antibodies correlates with an unfavorable
disease course and more rapid progression, it is useful for
monitoring the effect of ursodeoxycholic acid and for
the early identification of patients at high risk for end-
stage hepatic failure, and so may potentially become an
important prognostic marker in PBC patients”””. Find-
ings to date clearly indicate that anti-gp210 antibodies
having the best predictive value regarding progression to
end-stage hepatic failure. The proposed mechanism for
this predictive role is based on the following hypothesis
that the breakdown of immunological tolerance to mito-
chondrial antigens such as PDC-E2 is not enough for the
progression to hepatic failure, whereas the breakdown
of immunological tolerance to nuclear antigens such as
gp210, in which molecular mimicry is involved as well as
increased and aberrant expression of gp210 in small bile
ducts, may play a crucial role””.

A few years after the discovery of anti-gp210 antibod-
ies in PBC, reactivity of PBC sera with a 60 kDa compo-
nent of NPC was reported. Anti-p62 antibodies, which
also generate a perinuclear pattern in IIF, were first de-
scribed in 1987™"™. They occur as frequently as the anti-
gp210 glycoprotein autoantibodies"", and with a specific-
ity for PBC of up to 97%. Anti-p62 antibodies reacting
with the 60 kDa component localize to the NPC. The fre-
quency of anti-p62 antibodies in PBC is about 30%0-55%.
Their presence in PBC is not associated with AMA, but
is associated with disease progression. Data from a mul-
ticenter study indicated that anti-p62 complex antibodies
might be related to the progressive or advanced stage of
PBC™'" that their prevalence is higher in symptomatic
patients and that they are associated with more severe

August 7,2010 | Volume 16 | Issue 29 |



Hu CJ et a/. Autoantibodies in primary biliary cirrhosis

No. Autoantibody Autoantigen properties Prevalence Clinical associations Ref.
in PBC (%)
ANA
1 Anti-chromatin ~ Chromatin 8.9-25.0  Anti-chromatin antibodies are reported to be associated with (AP
disease activity in ATH, but their roles in PBC remains to be
investigated
2 Anti-dsDNA Double-stranded 17.0-22.0  Anti-dsDNA antibodies are one of important criteria for the ALY
deoxyribonucleic acid diagnosis of SLE. Co-existence of AMA and anti-dsDNA
autoantibodies can be considered the serological profile of AIH/
PBC overlap syndrome
3 Anti-ssDNA Single-stranded 59.0-71.0  Anti-ssDNA antibodies can be detected in many diseases Fepi
deoxyribonucleic acid
4 Anti-histone Histone 43.6 Anti-histone antibodies are generally considered to be related e
to drug-induced lupus, though it can be detected in many
autoimmune diseases including PBC
5 Anti-scl-70 Topoisomerase-1 3.0-24.0  Anti-scl-70 antibody serve as a specific maker for diffuse SSc and i
presents in 30%-60% of subjects with diffuse SSc
6 Anti-Sm Proteins of 28/29, 16, 16.5, 7.0-34.0  Anti-Sm autoantibodies are highly specific for SLE e ezl
18, and 12, 11, 6 kDa which
participate in pre-messenger
RNA processing into spliced
mature mRNA
7 Anti-SSA Intracellular 5.0-30.0 Anti-Ro(SS-A) and anti-La(SS-B) antibodies are more frequently (AAEESED)
ribonucleoproteins of 60 and seen in SS and SLE. Their presence in PBC suggests that PBC often
52 kDa that are associated overlaps with SS
with small RNAs
8 Anti-SSB An intracellular 2.0-21.0
ribonucleoprotein of 47 kDa
that are associated with small
RNAs
9 Anti-RNP Ribonucleoprotein 5.0 More frequently seen in SLE T
10 Anti-Jo-1 Histidyl tRNA synthetase 26.0 Anti-Jo-1 antibodies are predominantly detected in patients with =
myositis
11 Anti-UIRNP U1snRNPs that contain 3.1-50  Anti-UlsnRNP antibodies predominantly present in SLE, and FErEe]
specific proteins of 70, 33 and can be detected in PBC patients. The clinical significance of anti-
20 kDa U1snRNP antibodies in PBC is unknown
Other liver diseases-associated autoantibodies
12 Anti-SMA A variety of target antigens 8.0-25.0  Anti-SMAs present mainly in AIH- I, and can also be detected in FERiE
including F-actin, G-actin, chronic active hepatitis. The presences of anti-SMAs in PBC are
myosin, tropomyosin, potential indicators of AIH/PBC overlap syndrome
troponin, desmin, vimentin,
keratin, etc.
13 Anti-SLA SLA and liver and pancreas 2.0-3.9  Anti-SLAs are autoantibodies seen in AIH-II.The presences of SLA 0
antigen autoantibodies in PBC indicate secondary autoimmune hepatitis
14  Anti-LKM Liver kidney microsomal 0.7 Anti-LKM antibodies occur preferentially in ATH-II. Anti-LKM B2
antigen autoantibodies can be seen in 21.4% of HCV-infected PBC patients,
which suggests a close association between LKM and HCV-infected
PBC
15  Anti-ASGPR Asialoglycoprotein receptor 22.0-23.0 Anti-ASGPR antibodies mainly present in AIH and PBC. The FEEEY)
autoimmune responses against ASGPR have been implicated in the
development of AIH and PBC
16 Anti-LCM Liver cell membrane specific 42.0 Anti-LCM antibodies are detected predominantly in patients with LR
antigen HBsAg-negative chronic active hepatitis, but are also found in
other liver diseases such as PBC
17 Anti-LSP Liver specific protein 485 Anti-LSP antibodies present in viral hepatitis and autoimmune B
liver disease, and are found to correlate with severity of periportal
inflammation and piecemeal necrosis in PBC
18 Anti-calreticulin ~ Calreticulin 20.0 Anti-calreticulin antibodies present in autoimmune liver disorder bk
and IBD. They are not specific for PBC
19  Anti-FH Fumarate hydratase 19.4 Anti-FH antibodies are found to be present predominantly in =
AIH. It can also be detected in PBC and other liver disease. The
prevalence and clinic significance of anti-FH in PBC need further
study
20  Anti-PGAM-B  Phosphoglycerate mutase 16.7 Anti-PGAM-B antibodies are found to be present in 70.0% of ATH [

isozyme B

(44
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and 16.7% of PBC. It is also present in about 10% of viral hepatitis
and 3.7% of healthy control. The clinical significance of anti-FH
needs further study

3620
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[155-157]

21 Anti-p97/VCP  P97/valosin-containing 125 Anti-p97/VCP antibodies predominantly present in PBC, and can
protein be detected in about 9.7% of AIH. The presence of anti-p97/VCP
antibodies in PBC suggests less progressive disease course and
benign prognosis
22 Anti-GSTA1-1 Glutathione S-transferase 10.0 Anti-GST autoantibodies are detected in 16.0% of AIH and 10.0% of Y
PBC. Patients of AIH with positive anti-GST have severe diseases
and poor prognosis
23 Anti-ASL Argininosuccinate lyase 23.0 Anti-argininosuccinate lyase is a newly identified autoantibody in 2
liver disease and its clinical relevance remains unknown
24 Anti-calmodulin  Calmodulin IgM 50.0 Anti-calmodulin autoantibodies neither associate with anti-SMA, ()
IgA 429 ANA and AMA, nor with hyperglobulinemia. The clinic significant
of anti-calmodulin is unclear
Gastroenteropathy-associated autoantibodies
25 ASCA Baker's yeast saccharomyces 242 ASCA serves as a serological marker of Crohn’s disease, and ]
cerevisiae has also been detected in other autoimmune disorders and in
5%-6.3% of blood donors. The prevalence of ASCA in AIH is
20%-30%, in AMA-negative PBC 44%. ASCA is common in PBC
patients and correlates with higher level of circulating IgA. The
prevalence of ASCA in PBC may be an indirect sign of enhanced
mucosal immunity, but does not necessarily indicate concomitant
inflammatory bowel disease
26 Anti-Galectin-3  Galectin-3, a member of 30.0 Anti-Galectin-3 autoantibodies are primarily associated with [64]
-galactoside-binding lectins Crohn's disease, and correlate negatively with disease activity. The
significance of anti-Galectin-3 IgG autoantibodies in patients with
PBC is unknown

27 Anti-tTG Tissue transglutaminase 10.0-26.7  Anti-tTG autoantibody is mainly found in celiac disease. The P
prevalence of anti-tTG in PBC varies due to different types of
substrate utilized in detection
28 AGA Gliadin 16.0-21.0  Anti-gliadin antibodies are considered as the most reliable Bt
serological markers for celiac disease. They are also frequently
seen in PBC, and IgA subclass of anti-gliadin antibodies are more
pronounced in patients with Scheuer's stage II-IV disease
Vasculitis-associated autoantibodies
29 ANCA Antigens including 2-26 ANCAs are primarily associated with systemic vasculitides such iy
proteinase 3, as Wegener’s granulomatosis, microscopic polyangiitis and Churg-
myeloperoxidase, Strauss syndrome
bactericidal/ permeability-
increasing protein,
lactoferrin human leukocyte
elastase, cathepsin G,
lysozyme, azurocidin, efc.
30 Anti-MPO Myeloperoxidase 9.0 Predominantly in microscopic polyangiitis, necrotizing and =
crescentic glomerulonephritis, Churg-Strauss syndrome
il Anti-PR3 Proteinase 3 3.0 Predominantly in Wegener’s granulomatosis, and also [
detectable in microscopic polyangiitis, necrotizing and crescentic
glomerulonephritis
32 Anti-LF Lactoferrin 25.0-35.7 Are detected in several autoimmune disorders, such as Crohn's (1701711
disease, SLE, systemic vasculitides. They are not specific markers
for PBC
Thrombophilia-associated autoantibodies
33 Anti-B2GP I B(2)-glycoprotein I IgG 2-15 Represent specific features of patients with antiphospholipid o]

syndrome. Their presence in PBC often indicates severe disease
and worse prognosis

34  Ad Cardiolipin 1gG 27.3

35 Anti-PS Phosphatidylserine IgM 75

36  Anti-PT Prothrombin 1gG7

37  Anti-PE Phosphatydilethanolamine 1gG 5

Diabetes mellitus-associated autoantibodies

38 Anti-GAD Glutamic acid decarboxylase 85 Anti-GAD occurs preferentially in the patients with type 1 diabetes. [
Clinical significance of Anti-GAD in PBC is unclear

39 Anti-SOX13 Transcriptional factor SOX13 18.0 SOX13 was initially identified in type 1 diabetes. The present of [

anti-SOX13 in PBC may merely indicate an immune response to
products of damage to parenchymal tissue

Autoimmune thyroid diseases-associated autoantibodies

40  Anti-TG Thyroglobulin 545 Anti-TG, anti-TPO and anti-TR are markers of autoimmune thyroid
diseases. Their significances in PBC are unknown

[176]

41 Anti-TPO Thyroid peroxidase 455
42 Anti-TR TSH receptor 9.1

144

Boiehideng”  WIG | www.wjgnet.com 3621 August 7,2010 | Volume 16 | Issue 29 |



Hu CJ et a/. Autoantibodies in primary biliary cirrhosis

Others autoantibodies

Anti-CCP antibodies are highly specific for RA with sensitivity of
60%-70%. Presence of anti-CCP antibodies in PBC patients suggests
RA overlap

ClpP is highly conserved among bacteria. Anti-ClpP in PBC
suggests infection factors and molecular mimicry involved in the
pathogenesis

These autoantibodies in PBC, suggest bacterial triggers of PBC

PBC patients with positive anti-EPO antibodies have less
peripheral eosinophils

Anti-p53 autoantibodies are commonly seen in malignancies

and organ-specific autoimmune diseases such as type 1 diabetes,
thyroid diseases, PBC and ATH

Anti-acetylcholine receptor antibodies are primarily associated
with myasthenia gravis, though PBC patients with positive anti-
acetylcholine receptor antibodies do not have clinical symptoms of
myasthenia

Anti-CA T antibody is likely a nonspecific marker of autoimmunity.
It has been detected in a variety of autoimmune diseases, including
Graves’ disease, type 1 diabetes, SS, SLE, AIH and PBC. In cases of
PBC, no significant correlation has been found between anti-CAT
antibody and AMA

Anti-g-enolase antibodies present in a variety of inflammatory

[125,126,177]

[178,179)

[180]

[181]

[182]

[169,183,184]

[185-189]

[190-195]

and autoimmune disorders, such as SLE, IBD, RA and AIH, and
are not likely to be specific markers for any disease. They might

be involved in destruction of biliary epithelium and are associated

with hepatic failure

Enhanced biliary expression of heat shock protein is found in PBC.

[196-199]

Anti-HSPs are common in PBC, and are related to titers of AMA.
They might cross-react with the main mitochondrial antigens in

PBC
The significance of anti-FKBP12 antibodies in PBC is unclear

43 Anti-CCP Cyclic citrullinated peptide 2.7-4.0
44 Anti-ClpP Microbial caseinolytic 30-47
proteases P
45 Anti-B-subunit  B-subunit of bacterial RNA- 32.8
of bacterial RNA polymerase
polymerase
46 Anti-EPO Eosinophil peroxidase 52.5
47 Anti-p53 Nuclear protein of 8.0
53 kDa that regulates cell
proliferation and apoptosis
48 Anti- Nicotinic acetylcholine 58.8-74.0
acetylcholine receptor
receptor
49 Anti-CAT Carbonic anhydrase I 18-31
50 Anti-o enolase o-enolase 28.6
51 Anti-HSP Heat shock proteins 45.7
52 Anti-FKBP12 FK506 binding protein 12 444

[200]

SLA: Soluble liver antigen; PBC: Primary biliary cirrhosis; AMA: Antimitochondrial antibodies; SLE: Systemic lupus erythematosus; SSc: Systemic sclerosis;

ANA: Antinuclear antibodies.

disease, defined as the presence of cirrhosis or its com-
plications. In addition, it has been reported that anti-p62-
positive patients have higher levels of serum bilirubin and
more marked inflammatory infiltrates on liver biopsy'™.

Antinuclear envelope antibodies (Lamin and Lamin B
receptor)

The nuclear envelope is a bilayered membranous structure
that can be divided into five distinct components: the in-
ner nuclear membrane, having a distinct set of integral
membrane proteins; the outer nuclear membrane; a peri-
nuclear space, which is continuous with the lumen of the
endoplasmic reticulum; the pore domains, regions where
the inner nuclear membrane and outer nuclear membrane
come together and fuse; and an underlying nuclear lamina,
containing the nuclear lamins"", A smooth membrane
fluorescence pattern is characteristic of the presence of
antibodies to nuclear lamins in IIF using sera from PBC
patients. Three subtypes of anti-lamin antibodies have
been described: anti-lamin A, B and C""*'"'"". Anti-lamin
antibodies do not seem to be disease-specific as they
are found in patients with several different autoimmune
disorders, such as SLE, chronic fatigue syndrome, and
PBC""™M. Anti-lamin A, B and C antibodies are detected
with frequencies of 6%-8% in sera from patients with
PBC. The usual scenario is to find anti-lamin A and C to-

144
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gether, and less frequently either anti-lamin B alone or all
three in the same patient .

Lamin B receptor (LBR) is a protein integral to the
inner nuclear membrane with a nucleoplasmic, amino-tet-
minal domain of 208 amino acids, followed by a carboxyl-
terminal domain with eight putative transmembrane seg-
ments. Anti-LBR antibodies from PBC patients recognize
the nucleoplasmic, amino-terminal domain but not the
carboxyl-terminal domain. Anti-LBR antibodies appear to
be highly specific for PBC, but their clinical significance is
unclear. The prevalence of anti-LBR antibodies in PBC is
approximately 2%-6%!*! !,

Anti-centromere antibodies

Anti-centromere antibodies (ACA) are important diagnostic
markers of systemic sclerosis (SSc), found in about 25%
of these patients“m. In patients with CREST syndrome
or limited cutaneous SSc, the positivity rises to 50%0-90%.
ACA in SSc are usually associated with a good prognosis,
though they are not specific for SSc. ACA can be detected
in patients with other rheumatic diseases including pSS,
SLE and PBC (about 30%)[“5’120]. It is of interest to note
that several subtypes of ACA have been identified, includ-
ing anti-CENP-A, anti-CENP-B, anti-CENP-C and anti-
CENP-O antibodies'*"". Rescarch during the past several
years has found that prevalence of the ACA subtypes
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differs among various autoimmune diseases”. Recent

studies have demonstrated that ACA positivity in patients
with PBC is of significant predictive value for progression

to portal hyperter15ior1“23’12 1

OTHER AUTOANTIBODIES DETECTED IN
PBC

Although extensive research has focused on AMA, it is
of intetest to note that, to date, more than sixty different
autoantibodies have been found in PBC patients. Some
target at nuclear or cytoplasmic molecules and cell mem-
branes, while others react with lipid components. Some,
like AMA, occur frequently and almost universally in PBC,
while others, like anti-lamin and anti-LBR, are present in
only a few patients. It should be noted that among these
autoantibodies, some are not specific for any disease, and
some are thought to be more closely related to other auto-
immune diseases, such as anti-CCP which is relatively spe-
cific for theumatoid arthritis"*>'*". Prevalence and prop-
erties of these autoantibodies in PBC are summarized in

Table 1.

CONCLUSION

The presence of serum autoantibodies is characteristic
of PBC, and is useful in the clinical diagnostic process in
combination with histology and imaging studies. Numer-
ous autoantibodies are found in sera from patients with
PBC. This suggests that the development of PBC is a
multi-factorial process. With growing numbers of clinical
studies of autoimmune diseases and extensive application
of more sensitive testing methods for antibodies, it has
gradually been realized that the association between an
individual autoantibody and autoimmune disease is not as
specific as previously thought. AMA is very sensitive and
anti-gp210 and anti-sp100 are highly specific for PBC.
Other antibodies found in PBC, such as ACA, ASCA,
ANCA and anti-sm, could also be found in other autoim-
mune diseases'” 1%, Although some autoantibodies
are believed to be associated with the pathogenesis of
PBC, these associations are likely to be extremely compli-
cated and surely exert complex effects in many different
ways. It is hard to understand these delicate associations
based on our current knowledge of PBC, and further ad-
vanced studies are required to clucidate the pathogenesis
of this autoimmune disease.
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Abstract

Polypectomy of colonic polyps has been shown to reduce
the risk of colon cancer development and is considered
a fundamental skill for all endoscopists who perform
colonoscopy. A variety of polypectomy techniques and
devices are available, and their use can vary greatly
based on local availability and preferences. In general,
cold forceps and cold snare have been the polypectomy
methods of choice for smaller polyps, and hot snare has
been the method of choice for larger polyps. The use of
hot forceps has mostly fallen out of favor. Polypectomy
for difficult to remove polyps may require the use of spe-
cial devices and advanced techniques and has continued
to evolve. As a result, the vast majority of polyps today
can be removed endoscopically. Since electrocautery is
frequently used for polypectomy, endoscopists should
be thoroughly familiar with the basic principles of elec-
trosurgery as it pertains to polypectomy. Tattooing of a
polypectomy site is an important adjunct to polypectomy
and can greatly facilitate future surgery or endoscopic
surveillance. The two most common post-polypectomy
complications are bleeding and perforation. Their in-
cidence can be decreased with the use of meticulous
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polypectomy techniques and the application of some
prophylactic maneuvers. This review will examine the
technique of polypectomy and its complications from the
perspective of the practicing gastroenterologist.
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INTRODUCTION

Polypectomy is a fundamental skill utilized by all endos-
copists who perform colonoscopy. Mastery of polypec-
tomy is difficult and requires both significant experience
and study. It is clear that polypectomy is efficacious in
reducing the risk of colon cancer development by inter-
rupting the adenoma to carcinoma progression™”. En-
doscopic techniques used in colonoscopic polypectomy
continue to evolve, and it is important for all endosco-
pists to be familiar with these concepts.

Decision making about how to perform polypectomy
is often made during colonoscopy when a polyp is de-
tected. A general rule is that all potential adenomas should
be removed. The endoscopic appearance of a polyp is
often not necessarily a good indicator of its histologic
nature. While as many as 70% of diminutive polyps (less
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than 5 mm) may be adenomas, the risk of any particular
polyp containing malignancy increases with the size of the
polypwﬂ. The method chosen for polypectomy is often
related to the appearance and size of the polyp. Polyps
are usually described as being pedunculated, sessile or flat.
The risk of a polyp 2 cm in size or larger being malignant
is greater than 10%"™. Some polyps blur the lines though,
by not falling into these strict categories. Nevertheless,
consideration of polyp characteristics is helpful in deter-
mining the best approach to polypectomy[gl‘

COLD FORCEPS POLYPECTOMY

The simplest method for polypectomy is cold forceps re-
moval. A survey of common practices among gastroen-
terologists found that cold forceps polypectomy was the
technique of choice for small polyps, particularly polyps
1 to 3 mm in size"”. In slightly larger polyps, jumbo for-
ceps could be considered. Cold forceps can easily grasp
small polyps that otherwise might be too small to snare.

After passing the forceps through the channel, the for-
ceps and the scope can be manipulated in order to grasp
as much polyp tissue as possible. Turning the scope to
bring the polyp to the five to seven o’clock position can
be useful since that is the position at which the forceps
exit the endoscope channel. After closing the forceps on
the polyp, a gentle pull on the wire removes the bite of
polyp from the colon mucosa. The area is examined to
determine if further bites are necessary to complete polyp
excision.

Advantages to cold forceps polypectomy include avoid-
ing risk associated with electrocautery and an almost neg-
ligible risk of colonic perforationm]. One challenge associ-
ated with cold forceps polypectomy is that after the initial
bite, minor bleeding can obscure the polypectomy field
increasing the risk of leaving residual polyp behind"".

HOT FORCEPS POLYPECTOMY

Hot forceps polypectomy is another option for small pol-
yps. Hot forceps polypectomy is similar to cold forceps
except it uses electrocautery to try to destroy residual
polyp tissue intentionally left behind"”. Tn hot forceps
polypectomy, only the tip of the polyp is grabbed in the
forceps. The small polyp is pulled into the colon lumen
to create a tent-like effect and electrocautery is applied to
destroy the polyp base while preserving the polyp tissue
inside the forceps as a histological speclmen

Over the years, the use of hot forceps has fallen out
of favor. One randomized study by Ellis looked at 72 pol-
yps 6 mm or less in size and found that hot forceps still
left residual polyp tissue behind 22% of the time com-
pared to only 5%-14% of the time with either cold or hot
snare! . Another study by Peluso retrospectively looked at
62 hot forceps polypectomies for polyps 3-6 mm in size
and found that 17% of the time residual polyp tissue re-
mained on follow-up endoscopic exam 1 to 2 wk later",
Cold forceps and snate polypectomy have been described
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as having a 16% residual polyp rate which suggests that
hot forceps are either no better or even worse than other
accepted methods of polyp removal. Hot forceps may
still be useful though for small polyps that have a tip
easily grasped with forceps but a polyp base that is hard
to reach yet could still be destroyed with application of
electrocautery.

SNARE POLYPECTOMY

Snare polypectomy was found to be the preferred method
for removal of polyps 1 cm or greater in size in a survey
of common gastroenterology practlces | A snare is a self-
contained metal ring that is opened over the polyp and
then closed entrapping polyp tissue for resection by clos-
ing the ring, Before pulling the snare out of the scope,
the polyp should be brought to the six o’clock position.
Sometimes advancing the snare proximal to (beyond) the
polyp is useful if the polyp is behind a fold or inclined to
flop out of the opened snare. The snare can also be used
to position a pedunculated polyp in such a position as is
more amenable to capturing once the snare is opened.
Once the polyp is captured in the snare, the snare plastic
sheath should be advanced moving the polyp away from
the scope tip if electrocautery is to be used to avoid elec-
trical damage to the scope. When snaring a pedunculated
polyp, the snare should be placed about half way up the
stalk, so that after cutting, a stalk remnant is left which
can be grabbed or clipped if hemorrhage occurs. The
polyp is pulled away from its base into the lumen tenting
the colon wall to avoid burning the adjacent deep colon
layersm].

A snare can be either hot or cold in that it can be sup-
plemented with electrocautery or not. During hot snaring,
the endoscopist’s assistant should close the snare slowly
and gently. If the snare is too tight prior to electrocautery
application, it could result in inadvertent cold cutting the
polyp, resulting in bleeding from the stalk or in the snare
becoming entrapped into coagulated tissue in the stalk!",
Once the snare is in position, a few seconds of electrocau-
tery can be applied if opted for, and then the endoscopist
instructs the assistant to cut through the polyp.

There are many different types of snares each with
specific advantages which can be chosen depending on
the situation. Oval and hexagonal snares are most com-
monly used. We suggest using a barbed snare for hard
to grab tissue as can be the case in flat or sessile polyps
or when the snare slipping off the polyp seems to be a
problem. Crescent snares are often used in EMR. A ro-
tatable snate is useful when initially the snare comes out
of the scope in such a way that is not optimal for snaring
the polyp and it is desirable to rotate the snare to an angle
that is better for capturing the polyp. A mini-snare can be
used for cold snaring smaller polyps or to remove a small
amount of residual tissue after piecemeal polypectomym
There is a combination snare-injection needle which al-
lows for quick injection prior to opening the snare and
avoids having to change out an injection needle wire for

August 7,2010 | Volume 16 | Issue 29 |



Fyock CJ et a/. Colonoscopic polypectomy techniques

the snare (i-Snare system, US endoscopy, Mentor, Ohio,

USA)™.

ELECTROCAUTERY

The purpose of electrocautery in polypectomy is to either
provide extra power in cutting tissue or to prevent bleed-
ing by coagulation of tissue. The basic principle in elec-
trocautery is that if enough electrical current is delivered,
heat will be generated to cause cellular bursting leading to
tissue cutting. If somewhat less heat is generated then cell
shrinkage leading to tissue coagulation occurs. Even pure
cut current causes some coagulation, and pure coagulation
current has some cutting property. Snates and hot forceps
use monopolar electrocautery, which means that the elec-
trical circuit runs through the patient body to a grounding
pad placed on the patient. Cautery probes can also use
bipolar electrocautery, which means that the electrical cir-
cuit runs between two electrodes both located on the tip
of the probe. Energy deliverance is also proportional to
the time it is applied, so the length of time the endosco-
pist keeps their foot on the pedal is very importantm]. The
use of coagulation current has been associated with more
delayed post-polypectomy hemorrhage, whereas the use
of cutting and blended current have been associated with
more immediate hemorrhagem]. A review of electrocau-
tery by Morris suggests using coagulation at a setting of
20 Wiatts for hot snaring, Since cut has also been associated
with a higher risk of perforation, we suggest first using
coagulation for standard colonoscopic snare polypectomy.
Then after using coagulation, the endoscopist can con-
sider using some cut function next if the polyp has a thick
stock and coagulation alone is unable to cut through it or
in the case that the snare becomes entrapped on the polyp
stock. For hot forceps electrocautery coagulation at 10-20
Watts can be used"”. Most modern electrosurgical units
have preset polypectomy settings.

LARGE POLYPS

In the past, large polyps often required surgery for re-
moval, but now many can be managed endoscopica]lym.
Endoscopic Mucosal Resection (EMR) can be performed
on sessile polyps 2 cm in size or larger. EMR involves
submucosal injection (often of saline) creating a cushion
for the polyp and then hot snaring the polyp either e bloc
(all together) or piecemeal (multiple snarings). EMR can
provide resection down to the muscularis propria® .,
There is no official distinction between saline assisted
piece meal polypectomy and EMR but typically the term
polypectomy is reserved for removal of flat lesions mea-
suring less than 2 cm and the term EMR is used for larger
lesions™*. Endoscopic Submucosal Dissection aims to
remove all dysplastic tissue en-block as one piece rather
than the piecemeal technique that is used with saline as-
sisted polypectomy and EMR™. Large polyps are often
adenomatous, therefore complete resection is the goal
even though it is often time-consuming, lishi found that
55% of polyps resected in piecemeal fashion required
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further resection on a repeat colonoscopy, but complete
resection was possible in 83% of polyps after up to three
repeat colonoscopiesm. Flat and sessile polyps can be
challenging to snare as they are often level with the colon
floor. The first piece of tissue snared can leave divots or
ledges in the remaining polyp that can make it more easily
grabbed in subsequent snares. If residual polyp tissue is
left after piecemeal polypectomy, argon plasma coagula-
tion (APC) can be used to tryw to destroy the residual
tissue”. After any piecemeal polypectomy, the site should
be re-examined in 2 to 6 mo to evaluate for any residual

polyp tissue™.

POLYP RETRIEVAL

Once polyp tissue is snared, actually retrieving it can be
challenging. Many endoscopists periodically experience
the frustration of successfully snaring a large adenoma-
appearing polyp only for it to fall out of view or get lost
in the colon somewhere™. However, even experienced
endoscopists may fail to retrieve polyp tissue up to 16%
of the time!™. Possibly the most common way to retrieve a
polyp once it is snared is to drive the scope up to the pol-
yp in the six o’clock position and then to suction the polyp
through the scope into a trap, using a back flush if needed.
If the polyp is too big to be suctioned into the scope, the
snare can be used to cut the large polyp into pieces small
enough to fit through the suction channel. Polyp tissue can
also be grabbed with forceps while the entire colonoscope
is withdrawn. In these cases the forceps can be advanced
out a few centimeters so that simultaneous examination
of the remaining colon can be performed while the speci-
men is kept in view. A Roth net can be used to remove
large polyps or several polyp fragments at once. Also, an
overtube can be used for easy repeated colonoscopic intu-
bation to the polypectomy site with repeated removal of
polyp fragrnents[29’30].

RESIDUAL POLYP TISSUE

Leaving residual polyp tissue behind leaves behind cells
that may continue to progress through the adenoma to
carcinoma sequence, therefore the purpose of polypec-
tomy is to break that sequence. Risk of residual polyp
tissue is often the outcome measured in studies compat-
ing different methods of polypectomy, such as snare »s
forceps. In an observational study, Tappero ez al'™ found
that a snare never left behind residual polyp tissue but
cold forceps often did. Zlatanic found that for treating
residual tissue, piecemeal polypectomy left behind re-
sidual tissue 46% of the time, APC destruction still left
residual tissue 50% of the time, and doing nothing left
behind residual polyp obviously 100% of the time™.

THE CHALLENGING POLYPECTOMY

Some polyps provide distinct challenges that call for uti-
lizing other approaches than just standard polypectomy
techniques. Endoscopists periodically find polyps that
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are very difficult to remove. These can include polyps
that are located behind colon folds, polyps that are very
large, polyps that are just out of reach, and flat, carpeted,
or thick polyps. For polyps hiding behind folds and large
pedunculated polyps, Valentine ¢ 4/’ described a tech-
nique using a double channel therapeutic endoscope. A
tripronged grasper is advanced via one of the channels to
pull the polyp into better view and into the snare, while
a snare for polypectomy is inserted through the other
channel. A standard upper endoscope can also be con-
sidered for difficult to reach polyps as it has a tip with
a tighter bending angle than a colonoscopeml. A side
viewing scope can be used for polyps that are behind
folds or on a side of the colon wall unable to be reached
by a standard colonoscope. Friedland”” described either
retroflexing the colonoscope or injecting a large amount
of saline proximal to the lesion as options to try to reach
polyps on the inside wall of tight turns. Even two differ-
ent scopes manipulated by two endoscopists can be at-
tempted with one scope grabbing the polyp and pulling
it into a convenient location while the other scope per-
forms polypectomy has been described™. Colon spasms
can present a challenge by constantly moving the polyp
in and out of view, and glucagon can be given intrave-
nously to decrease these spasrns[gl. Some polyps may not
be amenable to endoscopic polypectomy and are better
served with surgery. If a large polyp is in the cecum,
extends into the ileocecal valve, or extends into the ap-
pendix, surgery may need to be considered. Also polyps
that involve more than 30% of the colon circumference
are often impossible to remove endoscopically[m.

Injection

An important related tool to consider for polypectomy
is injection with either saline or epinephrine (1:10000)
into the polyp base or stalk. The submucosa is the target
location for fluid deposit, so the endoscopist should try
not to penetrate the colon wall with the needle. Injected
fluid can diffuse fast, so sometimes repeat injections are
needed. Injection is suggested in the literature for larger
polyps specifically. Most studies looking at resection of
large or giant polyps include epinephrine injection in their
polypectomy protocol. Injection can lift up flatter polyps
rendering them more polypoid and more amenable to
snare polypectomy and complete resection”™, The injected
fluid may also serve as a safety cushion by increasing the
distance between the mucosa and the muscle layer and
serosa, thereby at least theoretically decreasing risk of per-
foration® . Tf a polyp does not lift with an appropriate
injection technique it may be caused by an underlying can-
cer extending to deeper colon layers. Pedunculated polyps
with large stalks are more inclined to bleeding, Injecting
these large stalks before snare polypectomy may provide
prophylactic hemostasis and reduce the risk of a post-
polypectomy bleed. Epinephrine is a potent vasoconsttic-
tor, and both saline and epinephtine can exert a tampon-
ade effect on blood vessels™. A study by Dobrowolski
randomized 100 polyps to cither epinephrine injection or
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no injection and found one post-polypectomy bleed in the
injection group compared to 8 bleeds in the no injection
group[37].

Endoloops

In addition to injection, another option for prevention of
post-polypectomy bleed is an endoloopps]. The endoloop
is a detachable oval-shaped nylon snare. It is deployed in
the same way as a standard snare but then tightened and
released around the stalk or base of the polyp prior to
polypectomy. A gastroenterology survey showed that 38%
of endoscopists report using endoloopsm. A trial done in
Greece by Kouklakis randomized 64 patients with polyps
greater than 2 cm in size to get either epinephrine injection
or a combination of endoloop and endoclip placement.
The combination endoloop and clip group did significantly
better with only 3% post-polypectomy hemorrhages com-
pared to the epinephrine group which had a 12% rate of
post-polypectomy hemorrhage™. The Di Giorgio study
found a lower rate of post-polypectomy bleed at 1.8%
with a detachable snare compared to 3% for epinephrine
injection and 8% for no preventionm]. In 152 snare polyp-
ectomies, Paspatis ¢ al™" found that combination epineph-
rine injection with endoloop placement was associated
with only a 1% rate of delayed bleeding whereas epineph-
rine used alone was associated with an 11% rate of delayed
bleeding. However many problems with endoloops such
as slipping off the polyp stalk, inadequate tightening, and
persistence of bleeding despite endoloop placement were
described in a retrospective study by Matsushita ef al®.

Tattooing

Large or polyps suspicious for invasive cancer should
be considered for tattooing for easier future localization
either by a surgeon during colectomy or by an endosco-
pist during future surveillance colonoscopyl43’44j. Endoclip
placement and inter-operative colonoscopy are other ways
to re-identify a lesion, however the endoclips can slip off
ptior to surgery, and inter-operative colonoscopy can be
cumbersome and time-consuming. India ink is the pre-
ferred identification agent for tattooing polypsHSJ because
the ink is phagocytosed by macrophages giving the site
an almost permanent easily detected marking. Other dyes
like indigo carmine and methylene blue are too rapidly re-
sorbed to be useful. Commercially available India ink is a
sterile carbon based dye suspended in stabilizing particles
and diluted in normal saline to a 1:100 concentration™.
India ink is injected through an injection needle and tar-
geted to the submucosal layer of the inter-haustral folds.
Common practice is to place a tattoo on more than one
side of the lesion in either a two or a four quadrant man-
ner. Injecting at an oblique angle tangential to the colon
wall can avoid penetration of the colon wall which can
result in inflammation and a diffuse staining of the petito-
neum thereby obscuring the surgeon’ view during opera-
tion™*". To ensure proper ink placement, a double injec-
tion technique has been described in which 1 mL of saline
is first injected creating a submucosal bleb™. Once the
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saline bleb is made, the needle is left in place, the saline
syringe is changed to an India ink syringe and about 0.1 to
2 mlL of tattoo ink is then injected into the bleb space!".
After tattooing the polyp site, the endoscopist should also
include in the report the distance of the site from the anal

verge in centimeters to aid in future localization.

ENHANCED POLYP DETECTION AND
CLASSIFICATION TECHNIQUES

Standard colonoscopy based on white light may have a
polyp miss rate of anywhere from 1% to 26%"". Also dis-
tinguishing truly neoplastic lesions from normal or benign
tissue endoscopically can be challenging, Potentially un-
necessary biopsies require pathologic evaluation leading to
increased costs, so one advantage of enhanced detection
techniques includes avoiding this increased cost™. Some
newer modes of enhanced polyp detection and classifica-
tion have been developed over the last few years. High
definition colonoscopy, chromoendoscopy, and narrow
band imaging (NBI) are useful to enhance polyp detec-
tion. Confocal Laser Endoscopy, and spectroscopic colo-
noscopy are more for enhancing polyp classification.

High definition colonoscopy (complete system can cost
$215000 from Olympus America, Center Valley, PA, USA)
provides an image containing more pixels and better picture
quality than standard definition colonoscopy. One retro-
spective study by Buchner showed a significantly higher
polyp and adenoma detection rate (4%0-5% increase in yield)
with high definition colonoscopy compared to standard
definition colonoscopy for polyps less than 1 cm and in the
left colon®™.

Another enhanced detection technique, chromoen-
doscopy, uses indigo carmine (25 g costs about $40) that
is flushed over the colonic mucosa to demarcate polyp
architecture, vascular pattern and pit detail. This can high-
light subtle differences between normal colonic tissue and
polyp tissue making polyp detection easier. NBI, a type
of virtual chromoendoscopy, is another enhanced mode
that uses special narrow band filters to enhance surface
and vascular pattern appearance of potential polyps. NBI
may be useful for distinguishing between hyperplastic
and adenomatous polyps as well. One study from Japan
looked at NBI in the evaluation of 617 colorectal lesions
and reported a sensitivity of 90.9% and a specificity of
97.1% for differentiating non-neoplastic from hyperplastic
lesions”™. Round and stellate pit patterns represent benign
lesions, and villiform, gyrus-like, and irregular patterns
represent neoplastic lesions. Many standard colonoscopies
now have NBI capability (which means no additional cost
to patients when it is used) which is activated by pushing a
button on the head of the scope[SS’SGJ.

A new spectroscopic probe (not commercially avail-
able yet) has been developed that detects the increased
microvascular blood supply in normal tissue at the pe-
riphery of a polyp that may be unseen or behind a fold.
This alerts the endoscopist “like a metal detector going
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off” to examine the nearby mucosa more carefully to
find the polyp thereby increasing detection””.,

Confocal laser endoscopy (CLE) is an enhanced mode
of polyp classification (Cellvizio, Paris, France). Once a
potential polyp is endoscopically detected, the lesion is
focused on for analysis to determine if it is benign or
neoplastic. Thousands of optical fibers bundled together
take 12 pictures per second and provide image resolution
detailed to the micron level. Pit pattern, crypt architecture,
and vascular patters are analyzed; and irregular vessels,
presence of mucin and increased tissue density indicate a
neoplastic lesion. CLE is either integrated into the scope
or used as a sepatate probe passed through the accessory
channel™. A study from Mayo Jacksonville found CLE
to have a sensitivity of 76% and a specificity of 72% in
differentiating non-neoplastic from neoplastic lesions. In-
terobserver agreement over what the images represented
was found to be 78%"”.

HEMORRHAGE

Even though the benefit of polypectomy is significant in
terms of reducing the risk of colon cancer development,
polypectomy is not without some risk of complications.
Most complications are related either to post-polypectomy
hemorrhage or perforation. Hemorrhage is the most com-
mon and is usually divided into immediate (less than 12 h
post-procedure) and delayed (after 12 h post-procedure
but up to 30 d). There is a greater risk of immediate hem-
orrhage associated with cut or blended electrocautery and
a greater risk of delayed hemorrhage with the use of co-
agulation current. These specific risks should be appreci-
ated and weighed when choosing electrocautery type.

Dobrowolski e7 2/*” noted that the risk of post-polyp-
ectomy hemorrhage ranges from 0.3% to 6% but can be
as high as 24% in large polyps. He found that hemorrhage
was more likely in polyps larger than 17 mm, peduncu-
lated polyps with stalks thicker than 5 mm, sessile polyps,
and malignant polyps. Watabe found that hypertension
also puts patients at risk for a delayed post-polypectomy
hemorrhage[m].

Immediate hemorrhages are frequently noticed dur-
ing colonoscopic examination as bleeding from the pol-
ypectomy site is directly visualized. In these cases, either
epinephrine injection into the base of the polypectomy
site or endoclip placement is often considered as first line
hemostatic therapy. Endoloop placement can also be con-
sidered and applied either to a stalk or to a larger polypec-
tomy base for hemostasis. If snaring a pedunculated polyp
results in a visibly bleeding stalk, sometimes grasping the
stalk with the snare and holding pressure for 5 min can
stop the hemorrhage™.

Endoclips can be placed onto a bleeding residual
stalk or empirically placed just lateral to the polypectomy
site to tamponade any supplying blood vessels'™. Endo-
clips can also be placed prophylactically at the polypec-
tomy site after removal of the polyp. A group in Spain
looked retrospectively at 34 polypectomies using endo-
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clips either before or after resection of polyps 15-40 mm
in size with stalks 5-12 mm in thickness. They found that
all episodes of bleeding could be controlled with the use
of endoclips. They also found that the clips easily catch
stalks around 5 mm in thickness but that two clips could
be placed on stalks thicker than that™’!,

Friedland ¢z a/*" described performing polypectomy
on polyps less than 1 cm in size in actively anticoagulat-
ed patients. He placed endoclips prophylactically at the
polypectomy site and had no more incidence of post-
polypectomy bleed than in non-anticoagulated patients.

Many forceps polypectomies result in some minor 0oz-
ing from capillaries at the polypectomy site, and this is
usually self-limited and resolves after continued visual-
ization. Delayed hemorrhage can require hospitalization,
blood transfusion, and repeat colonoscopy for definitive
hemostasis.

PERFORATION

Perforation is a serious complication that can result from
polypectomy and can often have major clinical ramifica-
tions for the patient after the procedure is over™. Factors
contributing to perforation include mechanical stress from
the scope, barotrauma, electrocautery, and the depth of
the polyp resection itself. The risk of perforation with all
colonoscopies has been estimated somewhere around 1
perforation per 1000 to 2000 colonoscopies[()s’(’s]. Risk of
perforation however increases in polypectomies involv-
ing longer electrocautery time, removal of larger polyps,
location in the cecum, and large sessile polyps requiring
piecemeal removal.

If a perforation is visualized during the procedure itself,
the endoscopist can consider an attempt at closure with
endoclips. The progress of Natural Orifice Translumenal
Endoscopic Surgery research has highlighted the reality
of closing a perforation endoscopically with endoclipslégj.
However, emergency computed tomography imaging,
antibiotic administration, bowel rest and surgical consulta-
tion still play an important role. Unfortunately, approxi-
mately 5% of perforations result in patient death!"".

Similar to perforation but less serious is post-polypecto-
my syndrome, another complication where there is a trans-
mural burn not resulting in perforation. Post-polypectomy
syndrome presents with leukocytosis, fever and abdominal
pain in the absence of free air on imaging. Treatment of
post-polypectomy syndrome is usually conservative involv-
ing antibiotics, fluids, and bowel rest’.

CONCLUSION

In summary, colonoscopic polypectomy is a continuously
evolving therapy that has been remarkable at reducing
the risk of colorectal cancer. Gastroenterologists must be
thoughtful and proficient in techniques such as snaring,
injection, tattooing, and all other tools related to polyp-
ectomy for endoscopic success. Cold forceps seem to be
preferred for small polyps and snares for larger. Coagula-
tion current may be the electrocautery mode of choice for
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polypectomy, although it is associated with higher risk of
delayed hemorrhage. Difficult to reach polyps continue to
require various endoscopic tricks and an ability to impro-
vise for successful resection. There are several options for
prevention of bleeding in large polyps including injection,
endoloops, and endoclips. Many complications can actu-
ally be managed endoscopically. On the research stage,
there is still a shortage of studies about many specific
aspects of polypectomy, and there is a significant need for
more quality studies in the future.
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Abstract

In the gut of patients with Crohn’s disease and patients
with ulcerative colitis, the major forms of inflammatory
bowel diseases (IBD) in humans, the tissue-damaging
immune response is mediated by an active cross-talk
between immune and non-immune cells. Accumulat-
ing evidence indicates also that cytokines produced by
these cells play a major role in initiating and shaping
this pathologic process. One such cytokine seems to be
interleukin (IL)-21, a member of the common y-chain-
receptor family. IL-21 is produced in excess in the in-
flamed intestine of patients with IBD mostly by activated
CD4+ T helper cells co-expressing interferon-y and fol-
licular T helper cells. Moreover, both in vitro and in vivo
studies indicate that excessive IL-21 production leads
to the activation of multiple signaling pathways that ex-
pand and sustain the ongoing mucosal inflammation. In
this article, we review the available data supporting the
pathogenic role of IL-21 in IBD.
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INTRODUCTION

The organized lymphoid tissue of the gastrointestinal tract
contains large numbers of immune cells that are deputed
both to protect from infectious diseases and to evoke im-
mune tolerance!™, Perturbations in this delicately balanced
microenvironment can promote the collapse of tolerance,
thus leading to chronic inflammation that alters the in-
tegrity and function of the gutm. This occurs for example
in patients with Crohn’s disease (CD) and patients with
ulcerative colitis (UC), the major forms of inflammatory
bowel diseases (IBD) in humans'”, In both these condi-
tions, the tissue damage is mediated by an excessive and
pootly controlled immune-inflammatory reaction directed
against components of the normal bacterial flora™”. Evi-
dence also indicates that an active and dynamic interplay
between immune and non-immune cells plays a major role
in initiating and shaping this pathologic process, and that
cytokines are essential mediators of this cross-talk””. One
such cytokine seems to be interleukin (IL)-21, a product
of activated CD4+ T helper (Th) cells, follicular Th cells
(ITFH), and Natural killer (NK) T cells, which exerts regu-
latory effects on multiple cell typesmm. In this article, we
review the available data supporting the pathogenic role
of IL-21 in IBD.

IL-21 IS MADE BY TH1 CELLS AND FOL-
LICULAR TH CELLS IN THE HUMAN GUT

Initial studies conducted in our laboratory showed that
IL-21 protein is over-produced in the inflamed gut of
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patients with CD and patients with UC as compared to
normal controls'¥, These data were confirmed by a recent
study showing that IL-21 mRNA expression is increased
in rectal mucosa from patients with active UC compared
to UC patients in remission and healthy controls and that,
in UC, IL-21 gene expression correlates with histologi-
cal activity of the disease!”. A genome-wide association
study for IBD has identified risk variants in the chromo-
somal 4q27 region harbouring the II.-2 and II.-27 genes,
suggesting that polymorphism(s) in this region might con-
tribute to regulation of IL-21 production/ function!*"™,
However, it is noteworthy that expression of 11.-21 in the
uninflamed mucosa of IBD patients does not differ from
that seen in the normal colonic mucosa, and that periph-
eral blood T cells isolated from IBD patients and healthy
controls express similar levels of IL-21"". Therefore, it
is plausible that up-regulation of IL-21 in IBD is strictly
linked to the ongoing mucosal inflammation.

In both CD and UC, IL-21 is made by CD4+ but not
CD8+ T cells". By flow-cytometry it was also shown that
the majority of IL-21-producing CD4+ T-LPL co-express
interferon (IFN)-y, and to a lesser extent IL-17A, sup-
porting the hypothesis that, in IBD, IL-21 is preferentially
made by Th1 rather than Th17 cells". At the present time,
it remains unclear how IL-21-positive cells co-expressing
IFN-y differentiate in the human gut. Since Th1 cells
are abundant in the human gut, and particularly in CD
mucosa® ™, it is conceivable that Th1 cells can acquire
the ability to make IL-21 in response to specific stimuli.
Indeed, we have recently shown that i vifro stimulation of
intestinal lamina propria (LP) CD4+ T cells with IL-12,
the major inducer of Th1 cell response, enhances the frac-
tion of cells producing I1.-21 or both I1.-21 and TFN-y"”".

IL-21 is also produced by TFH cells in the human
gut, and the fraction of IL-21-producing TFH cells is
significantly higher in CD than in UC and controls'"”. In-
terestingly, activation of mucosal T cells with I1.-12 leads
to enhanced production of 1L-21 by TFH cells"”, thus
confirming that IL-12-driven signals positively regulate
IL-21 production in the gut.

IL-21 ENHANCES INFLAMMATORY
PATHWAYS IN THE GUT

A large body of evidence supports the concept that exces-
sive production of 1L-21 in the gut has deleterious conse-
quences for the host. IL-21 is highly produced in the gut
of wild-type mice with dextran sulfate sodium (DSS)- and
trinitrobenzene sulfonic acid-relapsing (INBS)-induced
colitis™. Notably, I.-21-deficient mice are largely pro-
tected against disease in both models™. Amelioration of
both DSS- and TNBS-induced colitis in I1.-21-knockout
mice is associated with a marked decrease in Th17-related
molecules, such as 11.-17 and 1L.-17F. Administration of
IL-21R/Fc, a fusion protein that binds to IL-21 and pre-
vents it activating cell-surface receptors, in wild-type mice
attenuates DSS-colitis, confirming the pro-inflammatory
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role of 1L-21 in this model™. A similar scenatio emerges
from studies in human IBD". Stimulation of intestinal
mucosal T cells with I1.-21 results in enhanced activation
of transcription factors (i.e. Stat3, Stat4 and T-bet) and
marked synthesis of IFN-y and IL-21 itself". Moreover,
treatment of CD mucosal cells with I1.-21R/Fc reduces
Stat4 and T-bet and inhibits IFN-y production. Neutral-
ization of I1.-21 in CD mucosal cell cultures leads also to
a decreased expression of IL-17AP. Taken together these
data indicate that IL.-21 is able to expand Th1 and Th17
cell responses in the gut, even though further experi-
mentation is needed to elucidate the basic mechanism by
which IL-21 exerts these regulatory effects.

Initially described as an important regulator of the
function of immune cells™*!, TL.-21 has been recently
shown to also regulate the activity of non-immune cells.
Gut myofibroblasts and epithelial cells express constitutive-
Iy IL-21R and are able to respond to 11.-21", In particular,
stimulation of colonic myofibroblasts with IL.-21 enhances
the synthesis of matrix metalloproteinases (MMPs)*, 2
family of proteases that are supposed to participate in the
tissue damage and remodelling occurring in IBD”*, The
IL-21-driven induction of MMPs can be potentiated by
tumor necrosis factor o, and associates with no change in
the production of tissue inhibitors of MMPs™, Regulation
of MMPs by IL-21 does not however seem to occur at the
transcriptional level, because stimulation of fibroblasts with
11.-21 does not alter the MMP RNA expressionm]. Ad-
ditionally, the intracellular level of MMP proteins is not in-
creased by 11.-21, and the IL-21-induced MMP synthesis is
not affected by inhibitors of gene transcription and de novo
protein synthesis™. Therefore, it is plausible that IL.-21
preferentially increases the secretion of either pre-consti-
tuted or newly synthesized MMPs. The 7 vivo relevance of
these findings relates to the demonstration that superna-
tants of CD mucosal cells induce myofibroblasts to secrete
MMP and this is partially inhibitable by IL-21R /Fc®,

IL-21 induces activation of mitogen activated protein
kinases in colonic epithelial cells theteby promoting the se-
cretion of macrophage inflammatory protein (MIP)-30,””,
a chemokine up-regulated on the inflamed gut epithelium
of IBD patients and involved in the recruitment of T cells
in the gut mucosa” . In line with these observations,
blockade of endogenous IL-21 in cultures of IBD muco-
sal explants reduces MIP-3¢ synthesis by epithelial cells™.

IL-21 INHIBITS REGULATORY T CELL
DIFFERENTIATION AND MAKES CD4+ T
CELLS RESISTANT TO TREGS-MEDIATED
IMMUNE-SUPPRESSION

Regulatory T cells (Tregs) play an important role in main-

taining homeostasis and preventing autoimmunity in vari-
. . 3233 .

ous organs, including the gut™. Tregs specifically express

the transcription factor forkhead winged helix transcription

factor gene (Foxp3), which is also functionally required for

their regulatory activity”. In addition to naturally occur-
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ring Tregs that are produced by the thymus as a function-
ally distinct and mature population of T cells™] Tregs can
arise in the periphery upon conversion of CD4+CD25- T
cells into Foxp3-positive-CD4+CD25+ cells in response
to activating stimuli and transforming growth factor
(T GF)—Blm’m. This phenomenon seems to occur in the
normal gut, where TGF-f1 synergizes with other regula-
tory molecules (e.g. IL-10, retinoic acid) in mounting an
effective counter-regulatory responsem’m. However, if
activation of naive CD4+CD25- T cells occurs in the
presence of TGF-f1 and inflammatory stimuli, they tend
to differentiate into effector Th17 cells rather than into
Tregsps]. IL-21 seems to accomplish this function, given
that it can cross-tegulate Tregs induction and direct the
development of Th17 cells™. Interestingly, colitis induced
by the transfer of naive T cells into severe combined im-
munodeficient mice is suppressed by TGF-B1-induced
Tregs generated 7 vitro in the absence of 1L.-21 but not by
T cells generated in the presence of TGF-B1 and T1.-21",
By contrast, these latter T cells exacerbate colitis with
increased expression of 11.-17 and a reduced number of
Foxp3-expressing cells in the gut mucosa™’. Consistent
with this is the demonstration that blockade of 11.-21 as-
sociates with high numbers of Foxp3-positive Tregs and
reduced tissue damage in the colon and small intestine of
mice with acute graft s host disease*"

IL-21 is also able to counteract the regulatory effects
of Tregs by providing human CD4+ T cells signals that
raise their threshold for suppression by Tregs™. Collec-
tively these observations delineate another mechanism by
which IL-21 contributes to amplify the ongoing inflam-
mation in IBD.

CONCLUSION

Thete is no doubt that I1.-21 modulates the activity of sev-
eral cell types that orchestrate the tissue damage in IBD,
and that blockade of IL.-21 signalling attenuates the ongo-
ing mucosal inflammation in experimental models of IBD.
Therefore, it is conceivable that the near future will witness
the use of novel therapeutic strategies aimed at inhibiting
IL-21 activity in IBD. However, some important issues re-
lated to the blockade of IL.-21 function must be taken into
consideration before moving into the clinic. For instance,
we should not forget that I1-21 plays a decisive role in the
control of B cell and plasma cell function, and that 11.-21
signalling may attenuate the course of IgE-mediated dis-
eases”™. Moteover, blockade of 1L-21 could potentially
enhance the risk of malignancies and exacerbate chronic
viral infections given the ability of 1I.-21 to trigger CD8+
T cell-dependent immune reactions against tumors and vi-
ruses'™ ™. At least in some circumstances, IL-21 stimulates
IL-10 production, thereby promoting tolerogenic rather
than inflammatory responses. If so, anti-IL-21 therapy
could paradoxically enhance the tisk of autoimmunity.
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Abstract

AIM: To investigate the effects of the free radical scav-
enger bis(1-hydroxy-2,2,6,6-tetramethyl-4-piperidinyl)
decandioate (IAC) in the dextran sodium sulphate (DSS)
experimental model of ulcerative colitis.

METHODS: Colitis was induced in Sprague Dawley male
rats by administration of 5% DSS in drinking water. IAC
(30 mg/kg, lipophilic or hydrophilic form) was admin-
istered daily (orally or ip) for 6 d until sacrifice. Colonic
damage was assessed by means of indirect (Disease
Activity Index score) and direct measures (macroscopic
and microscopic scores) and myeloperoxidase (MPO)
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activity. Neutrophil infiltration within the tissue and glu-
tathione S-transferase activity were also investigated.

RESULTS: DSS-induced colitis impaired body weight
gain and markedly increased all inflammatory param-
eters. Six-day treatment with lipophilic IAC significantly
reduced intestinal damage caused by inflammation,
induced a down-regulation in MPO activity (0.72 £ 0.12
and 0.45 £ 0.12 with lipophilic IAC po and ip, respec-
tively, vs 1.10 £ 0.27 in untreated DSS colitis animals)
and minimized DSS-induced neutrophil infiltration, while
hydrophilic IAC administered orally did not ameliorate
DSS-induced damage.

CONCLUSION: These results support the hypothesis
that reactive oxygen metabolites contribute to inflam-
mation and that the radical scavenger IAC has thera-
peutic potential in inflammatory bowel disease.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Ulcerative colitis (UC) and Crohn’s disease (CD) are chron-
ic inflammatory diseases of the gut of unclear etiology:
environmental and genetic factors regulating mucosal im-
mune response, mucosal barrier function and response to
intestinal microflora are all thought to conttibute to the
pathogenesis of these diseases, characterized by mucosal
inflammatory infiltrates, intestinal barrier function altera-
tion and erosive loss of mucosa and submucosa”.

Because of extensive mucosal damage and massive
infiltration of polymorphonuclear and mononuclear leu-
kocytes'™?, reactive oxygen and nitrogen radical species
are produced and released, resulting in potential oxida-
tion and peroxidation of a large number of molecules (e.g,
proteins, lipids and DNA). Indeed, the intestinal mucosa
of patients with inflammatory bowel disease (IBD) is
characterized by radical species overproduction and im-
balance of the most important antioxidants™ leading to
oxidative damage; self-sustaining cycles of oxidant pro-
duction may amplify inflammation and mucosal injutry in
UC, where activated neutrophils and macrophages mainly
contribute to active lesions™. The phagocytes present in
the mucosa of IBD patients, indeed, can produce reac-
tive oxygen metabolites such as superoxide and hydrogen
peroxide, through both respiration burst and prostaglan-
din and leukotriene metabolism. Radical species released
during inflammation increase mucosal permeability and
contribute to the recruitment and activation of further
neutrophils, thus initiating and/or propagating inflamma-
tion and tissue damage”.

Antioxidant compounds and free radical scavengers
improved colitis in several experimental models". Re-
cently, in a proof of concept study, we have shown that
the radical scavenger bis(1-hydroxy-2,2,6,6-tetramethyl-
4-piperidinyl)decandioate (IAC) protects the rat colon
from DNBS-induced colitis, which mimics human CD".
DNBS is a contact sensitizing allergen which causes im-
munological activation; acute pathological features in-
clude focal necrosis and acute inflammation, followed by
a chronic infiltration of mononuclear cells"”.

In this present study, we investigated the effects of
IAC in a different model of colitis, i.e. one that is induced
by dextran sodium sulphate (DSS), which differs from the
DNBS model in terms of tissue inflammatory and im-
munological activation, as well as severity of the inflam-
matory process, and is thought to closely mimic human
UC™. In the DSS model, as in UC, only the mucosa is
affected by inflammation; early damage includes shorten-
ing and dropout of crypts, particulatrly over lymphoid ag-
gregates, progressing to focal ulceration, mononuclear cell
and neutrophil infiltration. Similar to UC, DSS provokes
acute inflammation and macrophage activation, with
consequent epithelial cell injury and activation of innate
immune responses by luminal bacterial components and
eventual activation of T cells™""'?.

We tested two different forms of TAC in DSS colitis,
with either hydrophilic or lipophilic charactet. Due to its
peculiar physico-chemical propetties, IAC readily diffuses
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through the cellular membrane and can reach virtually
any compartment where the production of free radicals
occurs, possessing equal radical scavenging activity!™.
This represents an advantage, because it can directly react
with free radicals.

MATERIALS AND METHODS

Animals

Male Sprague Dawley rats (180-200 g body weight; Harlan
Italy, S. Pietro al Natisone, Udine, Italy) were used in this
study. Animals were housed in a controlled environment
and had free access to food and water throughout the
study. Before starting any experimental procedure, in or-
der to minimize stress, animals of all experimental groups
were weighed and gently manipulated in the laboratory
environment for 30 min every day for at least 1 wk. All
experiments were carried out according to the guidelines
set forth by EEC Directive 86/609 on the care and use
of experimental animals. The protocol for induction of
colitis was reviewed by the Institutional Committee on the
care and use of experimental animals of the University
of Bologna and was authorized by the Italian Ministry of
Health. A persistently hunched posture and labored res-
piration, a markedly erect coat and a weight loss of more
than 20% were considered as humane end-points at which
to euthanize the animals.

Induction of colitis

Colitis was induced using a previously described meth-
od". DSS (molecular weight, 40 kilodaltons; ICN Bio-
medicals Inc, Aurora, OH) was added to drinking water
at a final concentration of 5% (wt/vol) for 5 d. Controls
were all time-matched and consisted of rats receiving
normal drinking water only. The DSS solution was re-
plenished daily and mean DSS consumption was noted
per cage at the end of 5-d treatment.

Experimental design

We studied groups of rats with and without colitis (7 = 6-12
per group), which were treated with the radical scavenger
IAC (Figure 1) synthesized in our laboratory”, starting the
day before the induction of colitis for 5 d. IAC (30 mg/kg),
hydrophilic or lipophilic form, was administered once daily
at the same time (orally or ip) as water solution or suspen-
sion. In our previous work, we observed that treatment
with hydrophilic IAC po in DNBS-induced colitis induced
only a minor protective effect, while when administered ip,
it was unable to reduce inflammation, therefore we decided
to only test the hydrophilic form po in this study.

The dose of 30 mg/kg was selected on the basis of
previous studies, in which IAC showed the best antioxi-
dant activity!”” and protective effect in DNBS-induced
colitis”. At the end of this 7-d period, the animals were
killed and their colons collected for further analysis.

Tissue collection
Before tissue samples were collected, the entire colon was
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Figure 1 Bis(1-hydroxy-2,2,6,6-tetramethyl-4-piperidinyl)decandioate
structure.

removed, the length starting from 1 cm above the anus
to the top of the cecum and the weight of the colon still
containing fecal contents were measured. Then the colon
was opened longitudinally and washed with phosphate
buffered saline (PBS) to remove luminal contents; at this
time, the consistency of any stools found within the co-
lon and the gross macroscopic appearance of the colon
were noted. Whole-wall colonic samples were pinned
flat on wax, fixed in cold neutral 4% formalin and then
placed in 25% sucrose in PBS at 4°C for cryoprotection
and embedded in optimal cutting temperature tissue
freezing medium. Seven-micron-thick sections of colon
were cut, serially mounted on glass and processed for
routine hematoxylin-eosin (HE) staining and naphthol
AS-D chloroacetate esterase assay. Specimens of colonic
tissue were also removed, snap frozen in liquid nitrogen
and stored at -80°C until subsequent assays.

Assessment of the severity of colitis

Disease activity index: Disease activity index (DAI)
scores have historically well correlated with pathologi-
cal findings in a DSS-induced model of IBD". DAT is
the combined score of weight loss, stool consistency
and bleeding, as detailed in Table 1. All parameters were
scored from day O to day 5 during DSS treatment.

Total macroscopic score: When rats were sacrificed, the
colon was removed, opened longitudinally and washed with
PBS to remove luminal contents and macroscopic damage
was immediately assessed. The macroscopic parameters
analyzed before tissue samples were collected were: colon
length starting 1 cm above the anus to the top of the ce-
cum, weight of the colon still containing fecal contents,
stool consistency and gross macroscopic appearance of
the colon. Decreases in filled colon weight are indicative of
colonic hypermotility"”. Indeed, colons from animals with
severe colitis can be seen to be neatly devoid of fecal con-
tents. Colon shrinkage is also commonly observed in DSS
colitis and is indicative of colonic smooth muscle contrac-
tion"™"¥, Total macroscopic score was assigned according
to a previously described scoring system“bj; details for each
parameter are reported in Table 2.

Histology: Seven-micron-thick sections of colon were cut,
serially mounted on glass and processed for routine HE
staining. Colonic damage was scored based on a pub-
lished scoring system that considers amount of inflam-
mation (from 0, none, to 3, severe), extent of inflamma-
tion (from 0, none, to 3, transmural), crypt damage (from
0, none, to 4, entire crypt and epithelium lost) and tissue
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Stool consistency Bleeding Weight loss Maximum score
0 = formed 0 = normal 0 =no weight 10
color stool loss
1 = mild-soft 1 =brown 1=5%-10%
color stool weight loss
2 = very soft 2 = reddish 2=11%-15%
color stool weight loss
3 = watery stool 3 = bloody 3 =16%-20%
stool weight loss
4=>20%
weight loss

regeneration (from 4, no tissue repair, to 0, complete re-
. . 11
generation or normal tissue)''",

Myeloperoxidase assay
Specimens of colonic tissue (50 mg) were assayed us-
ing a previously described method!”. Myeloperoxidase
(MPO) is a granule-associated enzyme present in neutro-
phils and other cells of myeloid origin, and widely used
as a marker of intestinal inflammation. Colonic tissues
were homogenized in ice-cold potassium phosphate buf-
fer (pH 6.0) and centrifuged for 10 min at 6000 g at 4°C.
The supernatants were then collected, added to a solu-
tion of O-dianisidine (Sigma-Aldrich, Milan, Italy) and
hydrogen peroxide and assayed to assess MPO activity.
MPO was expressed in units per milligram of tis-
sue, where 1 U corresponds to the activity required to
degrade 1 umol of hydrogen peroxide in 1 min at room
temperature.

Glutathione S-transferase activity

Colonic samples (25 mg) were obtained using a previously
described method”. The supernatant was collected and
then assayed for glutathione S-transferase (GST) activ-
ity™. Assessment of protein content in colonic samples
was performed using the Quick Start™ Bradford Protein
Assay (BIO-RAD, Hercules, CA, USA); the protein-dye
complex absorbance was read using a spectrophotometer
at 595 nm. GST activity was expressed as pmol/mg of
protein per min.

Naphthol AS-D chloroacetate esterase assay

In order to identify neutrophil infiltration within the tis-
sue, we used a commercially available kit (naphthol AS-D
chloroacetate esterase; 91C, Sigma-Aldrich, Milan, Italy).
This enzyme is considered specific for cells of granulo-
cytic lineage and its sites of activity show bright red gran-
ulation. Seven-micron-thick sections of colon were used
for this assay. Briefly, tissue sections were fixed in citrate-
acetone-formaldehyde solution and assayed according to
the manufacturer’s protocols. Specimens were mounted
with mounting media (glycerol-PBS, 9:1), examined by
light microscope (ECLIPSE 90i, Nikon Instruments,
Calenzano, Italy) and representative photomicrographs
were taken by DS-5M digital camera (Nikon Instruments,
Calenzano, Italy).
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Stool consistency Bleeding Colon damage score Colon weight score Colon length score Maximum score
0 = formed 0 = absent 0 = no inflammation 0 =<5% weight loss 0 = < 5% shortening 14

1 =loose 1 = present 1 = hyperemia 1="5%-14% weight loss 1="5%-14% shortening

2 = liquid 2 = slight erosion 2 =15%-24% weight loss 2 =15%-24% shortening

3 = extensive erosion/ ulceration 3 =25%-35% weight loss 3 =25%-35% shortening

4 =>35% weight loss 4 =>35% shortening

7  --M-- Drinking water

g L O Dss 5%

W~ DSS 5% + IAC hydro po
5 | —O- DSS 5% + IAC lipo po®
- @ DSS 5% + IAC lipo ip®

Disease activity index

Figure 2 Effect of bis(1-hydroxy-2,2,6,6-tetramethyl-4-piperidinyl)decandioate
30 mglkg on disease activity index in the different experimental groups. Data
are expressed as mean + SE; n = 5-12 rats per group. °P < 0.05, ®P<0.01 vs dex-
tran sodium sulphate (DSS); P < 0.001 vs drinking water. Bis(1-hydroxy-2,2,6,6-
tetramethyl-4-piperidinyl)decandioate (IAC) hydro: Hydrophilic form of IAC; IAC lipo:
Lipophilic form of IAC.

Statistical analysis

Results are expressed as mean * SE. Statistical analysis
was performed using analysis of variance (one-way or
two-way, as appropriate, with the Bonferroni’s correction
for multiple comparisons). A P value < 0.05 was consid-
ered significant. N refers to the number of animals used
for each experiment (# = 8-106). Calculations were pet-
formed using GraphPad Prism™ (version 5.01, GraphPad
Software Inc., San Diego, CA, USA).

RESULTS

Assessment of colitis

All rats with DSS colitis progressively lost weight and man-
ifested bloody diarrhea. DAI was significantly increased
together with all inflammatory parameters (Figures 2-6).
On day 5 after DSS administration, the colonic mucosa
of inflamed rats was edematous and erythematous with
occasional areas of mucosal erosion. Compared to non-
inflamed rats, the colon weight was decreased, the colon
length was significantly shorter and a marked increase in
total macroscopic damage score was noted (Figure 3, panel
A). Colitis was characterized by mucosal ulceration, crypt
dropout and a marked neutrophil infiltration extending
throughout the mucosa and submucosal layers (Figure 5B)
and by a 20-fold increase in microscopic damage score
over the non-inflamed control animals (Figure 3, panel
B); crypt abscesses and depletion of goblet cells were
observed in some regions of colonic mucosa. A 3-fold in-
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crease in MPO activity was found (Figure 3, panel C) com-
pared with healthy rats. Moreover, in DSS-treated animals,
we detected neutrophil infiltration (red cells, Figure 6B)
with respect to controls (Figure 6A), extending throughout
the mucosa and submucosa. GST activity slightly decreased
in inflamed animals as compared with healthy controls, al-
though statistical significance was not achieved (1.40 £ 0.14
vs 1.27 £ 0.11).

Effect of IAC on DSS-induced colitis

Six-day treatment with lipophilic IAC (30 mg/kg, orally
and ip) reduced intestinal inflammation and damage: in-
deed, treated rats had neither bloody diarrhea nor perianal
injury and an improvement was observed in gross findings
(clinical signs and symptoms of colitis) such as weight
loss (Figure 2). Total macroscopic score was significantly
improved by drug treatment (Figure 3, panel A). DSS-
induced colon shrinkage and weight loss were significantly
improved by IAC treatment (lipophilic) as compared to
inflamed rats, and these features were similar to healthy
controls (Figure 4). Moreover, lipophilic IAC (orally and
ip) significantly decreased DSS-induced microscopic dam-
age (Figure 3, panel B and Figure 5D), down-regulated
MPO activity (Figure 3, panel C) and also minimized
DSS-induced neutrophil infiltration within the colonic
wall (Figure 6D).

In contrast, hydrophilic IAC 30 mg/kg orally was able
to decrease only microscopic damage score, but substan-
tially failed to protect the colon from DSS-induced dam-
age (Figures 2-4, 5C and 6C).

GST activity was not significantly affected either by
hydrophilic IAC po (1.27 £ 0.10 25 1.27 £ 0.11 in DSS 5%)
ot lipophilic IAC po (1.28 = 0.07 s 1.27 + 0.11 in DSS 5%)
or ip (1.00 £ 0.07 »s1.27 £ 0.11 in DSS 5%, P = 0.07).

DISCUSSION

This study shows that the lipophilic form of IAC at the
dose of 30 mg/kg significantly ameliorates damage and
inflammation in DSS-induced colitis, an experimen-
tal model of UC, and is far better than its hydrophilic
form, since it positively affected all the parameters under
scrutiny. This different activity on inflammation can
be ascribed to the differing ability of the two distinct
forms of IAC (hydrophilic »s lipophilic) to distribute in
cell membranes and intra-/extra-cellular compartments;
hydrophilic IAC may have a particulat profile of absorp-
tion and distribution, leading to a lower concentration
within areas of major damage.
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Figure 3 Effect of bis(1-hydroxy-2,2,6,6-tetramethyl-4-piperidinyl)decan-
dioate 30 mg/kg (hydrophilic or lipophilic form) on total macroscopic (A)
and microscopic damage score (B) and on myeloperoxidase activity (C)
in the different experimental groups. Treatment with hydrophilic bis(1-hy-
droxy-2,2,6,6-tetramethyl-4-piperidinyl)decandioate (IAC) po decreased colonic
microscopic damage but had no effect on macroscopic and myeloperoxidase
(MPO) activity. Six-day treatment with lipophilic IAC po and ip significantly re-
duced intestinal damage induced by inflammation. Data are expressed as mean
+ SE; n = 5-12 rats per group. °P < 0.05, °P < 0.01 vs dextran sodium sulphate
(DSS); °P < 0.001 vs drinking water. ICC hydro: Hydrophilic form of IAC; IAC
lipo: Lipophilic form of IAC.
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Different experimental models can be used for patho-
physiological studies and, because of their similarity to hu-
man IBD (UC and CD), they represent useful tools to test
the therapeutic potential of new drugs. These models al-
low the study of eatly events and interactions among dif-
ferent components of IBD and the identification of im-
munologic processes and genes determining susceptibility
to inflammatory disorders. Although there is no unique
model of IBD and the various expetimental models differ
in their pathophysiology, each of them can be useful to
gain insight into the multi-factorial nature of TBD"".

In DSS-induced colitis, as in UC, only the mucosa is
affected by inflammation; early damage includes shorten-
ing and dropout of crypts in the left colon, particularly
over lymphoid aggregates, progressing to focal ulceration,
mononuclear cell and neutrophil infiltration.

Reactive oxygen, nitrogen and carbon species are
produced and released during the acute phase of inflam-
mation, resulting in epithelial damage with consequent
activation of innate immune responses by luminal bacte-
rial components and eventual activation of Th1 and later
Th1/Th2 responses duting chronic colitis™'",

In our study, 5-d treatment with 5% DSS induced
weight loss and bloody diarrhea and caused a substantial
degree of inflammation and tissue injury in the rat colon,
which was edematous, erythematous and characterized by
mucosal ulceration. Moreover, inflammation was associ-
ated with polymorphonuclear colonic infiltrate (histology,
MPO activity and naphthol AS-D chloroacetate esterase
assay). Indeed, within the bowel wall of IBD patients and
of animals with experimental colitis, a massive infiltra-
tion of polymorphonuclear and mononuclear leukocytes,
which may produce large amounts of free radicals, is
commonly observed"*"?,

During DSS-induced colitis, we also studied GST ac-
tivity. GST is a detoxification enzyme catalyzing the conju-
gation of reactive electrophiles with the thiol glutathione,
providing cellular protection from highly reactive electro-
philesm. A significant decrease in the GST activity was
reported in patients with family history of colon cancer
and polypsm!; moreover, GST level changes have been ob-
served both in IBD patients[zsl
models of colitis**’, The only marginal (not statistically
significant) decrease in GST activity observed by us on
day 5 after DSS administration is actually in line with data
obtained by Clapper ez a/*!, who showed cyclical changes
in GST activity during acute DSS colitis, with a significant
decrease in enzyme activity on days 2 and 7, while on day
5 they reported only marginally decreased GST activity,
exactly as we did.

Treatment with lipophilic IAC (30 mg/kg, orally and
ip) significantly ameliorated colonic damage and inflam-
mation induced by DSS, decreased MPO activity and also
minimized DSS-induced neutrophil infiltration within the
colonic wall. These observations extend and corrobo-
rate our previous report that IAC is effective in DNBS-
induced colitis”, a quite different model where DNBS
causes transmural immunological activation and inflam-

and in some experimental

August 7,2010 | Volume 16 | Issue 29 |



A 12- B 120
10 d € 100
| 5
S st S 80
£ £
— L wn
2 6 s g 60
c -
§ 4t L L = 40
H
2+ § 2
o
(&)
0 0
S S® o ® o®
v(:(\ B\ \a
\o > S° c,,(';)\o \o
S ) S S
2 ° 9 S
NG O N
C 2 D 120
20- T d —~
18 a & 100
= 16F — S
S 4t = 5 80
ey
s 12 £
£ w0} g o0
s 8r £ 4
S 6+ G
c
4r S 20
2 - o
0 0
& o o
N Oc)‘a \\&\o (/\\Qo C\\Q
’\Y(}\ ) o\a
\o)< <‘§\° <§\° \o
¢l o2 & el
< 9 i
NG © &

Vasina V et a/. IAC and experimental colitis

L d
0 0 )
@&"Q c\\<>°9 @Q"
@) \g A\
e 5 x <§\°
& &
d
=
0 0 R
\\@09 C&\Q"Q vc’\\Q"
@) \s p\
¥ 63’\0 ¢)°\°
e N

Figure 4 Effect of bis(1-hydroxy-2,2,6,6-tetramethyl-4-piperidinyl)decandioate 30 mg/kg (hydrophilic or lipophilic form) on dextran sodium sulphate-induced
colon weight loss (absolute value, A, and % inhibition, B) and shrinkage (absolute values, C, and % inhibition, D) in the different experimental groups. Six-
day treatment with lipophilic bis(1-hydroxy-2,2,6,6-tetramethyl-4-piperidinyl)decandioate (IAC) ip significantly inhibited colon weight loss and colon shrinkage induced
by inflammation, while the hydrophilic form had no effect. Data are expressed as mean + SE; n = 5-12 rats per group. °P < 0.05 vs water; “P < 0.01 vs dextran sodium
sulphate (DSS). IAC hydro: Hydrophilic form of IAC; IAC lipo: Lipophilic form of IAC.

mation resembling CD. In our hands, lipophilic IAC was
slightly more effective ip than orally, probably because it
undergoes protonation at low gastric pH after oral admin-
istration and is more quickly excreted from the gut (the
protonated form has higher polarity). For clinical use, it
may be necessary to protect IAC from low gastric pH us-
ing a specific formulation.

Thus, lipophilic IAC is protective both in DNBS and
DSS experimental models of inflammation and has a wide
spectrum of activity; its lipophilic form (ip) significantly
reduced DAI (30%), macroscopic and microscopic dam-
age (70% and 45%, respectively) and decreased MPO
activity (58%) in DSS-induced colitis. Likewise, in DNBS-
induced colitis, treatment with lipophilic IAC can decrease
macroscopic and microscopic damage (55% and 46%,
respectively), reduce MPO and tumor necrosis factor-g
tissue levels (80% and 30%, respectively) and lipidic per-
oxidation (40%).

Notably, in both the DSS and DNBS models”, TAC is
able to significantly decrease MPO activity and neutrophil
infiltration within the bowel wall. In both experimental
models, as in several human inflammatory diseases such as
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rheumatoid arthritis and IBD, infiltrating neutrophils are
the major candidate for the production of reactive oxygen
radicals™. Oxidative damage may represent a pathogenic
factor in IBD because intestinal inflammation is accompa-
nied by increased production of reactive oxygen and nitro-
gen species and an imbalanced antioxidant response[l’zs’zq].
Indeed, free radical production is a key mechanism for the
appearance and the maintenance of colonic inflammation
in experimental models of colitis”*!,

Thus, we can hypothesize that IAC exerts its protec-
tive effects by reducing inflammatory neutrophil infiltrate
and by scavenging reactive oxygen species produced by
infiltrating cells which during inflammation contribute
to the recruitment and activation of further neutrophils,
and by counteracting this self-sustaining cycle of oxidant
production, which propagates inflammation and tissue
damage. This hypothesis of reduced oxidative damage by
TAC is not contrary to its lack of activity on GST levels
because, in our hands, GST levels were only marginally af-
fected by DSS-induced inflammation. It has been shown
that treatment with antioxidant compounds and radical
scavengers exerts a protective effect in several models of
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Figure 5 Representative examples of cross sections of distal colon. A: From a non-inflamed rat [drinking water + bis(1-hydroxy-2,2,6,6-tetramethyl-4-piperidinyl)
decandioate (IAC) vehicle orally]; B: From an inflamed rat [dextran sodium sulphate (DSS) 5% in drinking water + IAC vehicle orally]. Note the dramatic loss of mucosal
architecture with crypt dropout and the granulocyte infiltrate extending throughout the mucosa and submucosa; C, D: Cross sections of distal colon from an inflamed
rat treated with hydrophilic (C) and lipophilic (D) IAC 30 mg/kg orally (C) and intraperitoneally (D). Lipophilic (po, not shown here, and ip) IAC 30 mg/kg decreased the
microscopic damage produced by DSS, facilitating mucosal healing, reducing inflammatory cells infiltration and muscle thickening (panel D). Hydrophilic IAC po failed
to protect the colon from the damage induced by DSS (panel C).
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- — ] « i -
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Figure 6 Naphthol AS-D chloroacetate esterase positivity (red) in cross section of distal colon. A: Tissue sections obtained from non-inflamed rats showed occasional
red staining indicating a low presence of neutrophils within the bowel wall under physiological conditions; B: From a rat with colitis (5% dextran sodium sulphate in drinking wa-
ter, panel B). Compared to non-inflamed rats, tissue from rats with colitis showed a massive neutrophil infiltration extending throughout the mucosa (note the scattered degranu-
lation within the crypts and submucosa); C, D: Treatment with bis(1-hydroxy-2,2,6,6-tetramethyl-4-piperidinyl)decandioate (IAC) 30 mg/kg hydrophilic form po (C) was unable to
suppress neutrophil infiltration especially in the mucosa. Treatment with lipophilic IAC both po (not shown) and ip (D) almost completely suppressed neutrophil infiltration within
the colonic wall.
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intestinal inflammation' l. Cuzzocrea et al™" demon-

strated that treatment with antioxidants such as tempol
and M40403, a superoxide dismutase mimetic, ameliorated
TNBS/DNBS experimental colitis, probably by limiting
leukocyte recruitment. However, cyclic nitroxides such as
tempol are very persistent in water or organic solutions,
but when used 7 vivo or in a biological sample are reduced
to the parent hydroxylamine by several enzymatic process-
es mainly involving ascorbate or glutathione. IAC is more
stable in physiological solutions and possesses a stronger
antioxidant capability than that of the aforementioned
cyclic nitroxides; it is easily distributed through cell mem-
branes and intra-/extra-cellular compartments, thus it can
directly react with oxidant molecules within the cell, where
free radicals are producedm. In DNBS-induced colitis,
IAC seems to display higher activity than tempol, at least
in reducing MPO activity and neutrophil infiltration'”.
Recently, the lipophilic form of IAC was used in different
experimental disease models all characterized by oxidative
stress (e.g. nonobese mouse diabetes model™ and a rat
model of transient middle cerebral artery occlusion™), as
well as in vitrd””, with positive results.

Notably, IAC is a low molecular weight radical scaven-
ger which can rapidly react with most carbon-, nitrogen-
and oxygen-centered radicals of biological interest, includ-
ing peroxyl, superoxide, and peroxynitrite radicals”. Tts
antioxidant activity is a direct effect of the molecule itself;
its activity is due to hydroxylic hydrogen transfer to pet-
oxyl radicals, which generates the corresponding nitroxide,
unable to propagate the autoxidation chain. Its peculiar
physico-chemical properties affect its partition properties
across cell membranes and both intra- and extra-cellular
compartments: the free form is highly lipophilic (the cal-
culated logP is 4.01) and easily crosses the cell membrane,
allowing distribution to any compartment where the pro-
duction of free radicals occurs, but it is also in equilibrium
with the protonated form, which administered to a bio-
logical system is completely water-soluble and distributes
in the extra-cellular compartmentsm.

In conclusion, our data show that treatment with the
lipophilic (but not the hydrophilic) form of the radical
scavenger TAC, at the dose of 30 mg/kg, ameliorates DSS-
induced colitis in rats. These results, taken together with
our previous data showing a protective effect of lipophilic
IAC in DNBS-induced colitis, provide further evidence of
the involvement of reactive oxygen species in inflamma-
tion and support the concept that antioxidant therapy may
have an important role in treatment of IBD.
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Ulcerative colitis (UC) and Crohn’s disease are chronic inflammatory bowel dis-
eases (IBDs) of unclear etiology: environmental and genetic factors regulating
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mucosal immune response, mucosal barrier function and response to intestinal
microflora are all thought to contribute to the pathogenesis of these diseases,
characterized by mucosal inflammatory infiltrates, intestinal barrier function
alteration and erosive loss of mucosa and submucosa. Indeed, the intestinal
mucosa of patients with IBD is characterized by radical species overproduction
and imbalance of the most important antioxidants leading to oxidative damage.

Research frontiers

Over the last two decades, the incidence and the prevalence of IBD seem to
have increased; IBDs cause a large number of hospitalizations for the patients
affected. Many drugs are used to treat IBD, given for a variety of reasons: to
suppress inflammation in patients with active disease, to prevent flare-ups in
those with inactive disease, to control symptoms such as pain or diarrhea or to
replace or supplement essential nutrients which are poorly absorbed because
of extensive disease or surgery. However, the etiology of IBD is still unknown
and new therapeutic options are needed, as available drugs are still unsatisfac-
tory to treat and heal IBD.

Innovations and breakthroughs

It is generally hypothesized that oxidative stress is a potential etiological and/or
triggering factor for IBD, because the detrimental effects of reactive oxygen mol-
ecules have been well established in the inflammation process. Antioxidant com-
pounds and free radical scavengers have been shown to improve colitis in several
experimental models suggesting an important role of reactive oxygen species in
intestinal inflammation. This study clearly shows the effect of an antioxidant mol-
ecule in an experimental model of colitis which resembles human UC, indicating a
potential clinical application for this class of compounds in treating IBD.

Applications

The protective effect shown by antioxidant therapy in this experimental model
of colitis indicates a potential clinical application for this class of compounds in
treating IBD. However, several clinical studies have been largely disappointing,
probably due to the inability of the antioxidant to reach sufficient concentra-
tions at the inflammation site. Lipophilic bis(1-hydroxy-2,2,6,6-tetramethyl-4-
piperidinyl)decandioate (IAC) is easily distributed through cell membranes and in-
tra-/extra-cellular compartments and directly reacts with oxidant molecules within
the cell, where free radicals are produced. For clinical use, it may be necessary to
protect IAC from low gastric pH using a specific formulation in order to improve its
bioavailability.

Peer review

The study is well done with adequate supporting documentation, controls and
references. The difference in activity between the lipophilic and hydrophilic forms
of IAC in suppressing dextran sodium sulphate-induced colitis is a novel and im-
portant finding.
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Abstract

AIM: To investigate the effects of malnutrition and re-
feeding on the P2X: receptor, nitric oxide synthase (NOS),
calretinin, calbindin and choline acetyltransferase (ChAT)
in neurons of the rat ileum.

METHODS: We analyzed the co-localization, numbers
and sizes of P2X2-expressing neurons in relation to
NOS-immunoreactive (IR), calbindin-IR, ChAT-IR, and
calretinin-IR neurons of the myenteric and submucosal
plexus. The experimental groups consisted of: (1) rats
maintained on normal feed throughout pregnancy until
42 d post-parturition (N); (2) rats deprived of protein
throughout pregnancy and 42 d post-parturition (D);
and (3) rats undernourished for 21 d post-parturition
and then given a protein diet from days 22 to 42 (DR).
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The myenteric and submucosal plexuses were evaluated
by double labeling by immunohistochemical methods for
P2X2 receptor, NOS, ChAT, calbindin and calretinin.

RESULTS: We found similar P2Xz receptor immunore-
activity in the cytoplasm and surface membranes of
myenteric and submucosal neurons from the N, D and
DR groups. Double labeling of the myenteric plexus
demonstrated that approximately 100% of NOS-IR,
calbindin-IR, calretinin-IR and ChAT-IR neurons in all
groups also expressed the P2X: receptor. In the submu-
cosal plexus, the calretinin-IR, ChAT-IR and calbindin-
IR neurons were nearly all immunoreactive for the P2Xz
receptor. In the myenteric plexus, there was a 19%
increase in numbers per cm” for P2X: receptor-IR neu-
rons, 64% for NOS-IR, 84% for calretinin-IR and 26%
for ChAT-IR neurons in the D group. The spatial density
of calbindin-IR neurons, however, did not differ among
the three groups. The submucosal neuronal density
increased for calbindin-IR, calretinin-IR and ChAT-IR
neurons. The average size of neurons in the myenteric
plexus neurons in the D group was less than that in the
controls and, in the re-fed rats; there was a 34% re-
duction in size only for the calretinin-IR neurons.

CONCLUSION: This work demonstrates that expres-
sion of the P2Xz receptor is present in inhibitory, intrinsic
primary afferent, cholinergic secretomotor and vaso-
motor neurons. Undernutrition affected P2X> receptor
expression in the submucosal plexus, and neuronal and
size. These changes were rescued in the re-fed rats.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

ATP is known to be a co-transmitter in the nervous sys-
tem and a ligand of the P2X receptor family, which is
made up of seven known receptor subunits (PX17)". In
the myenteric plexus, electrophysiological studies have
found P2X receptors in 80%-90% of neurons”. P2X
receptors play an important role in synaptic transmission
within the neural pathways and mediate intestinal motil-
ity™. Immunohistochemical studies have documented
the distribution of P2X receptors in the enteric nervous
system of guinea pigs'", rats"*"" and mice™'". There is
only one earlier study in which the authors have reported
expression of P2X: receptor in calretinin and calbindin
neurons in the ileal myenteric plexus of rats'”

The effects of undernutrition on enteric and other
autonomic neurons have been investigated' . In the
enteric nervous system, a 27% decrease in the number
of enteric neurons in the jejunum of rats submitted to
severe prenatal malnutrition has been reported”, and a
mean neuronal loss of 13% in the myenteric plexus of the
proximal colon has been observed after malnutrition™.
Experiments that have examined the effect of re-feeding
on enteric neuronal number suggest that, when neurons
are reduced in number by undernutrition, they do not
recover'”. However, other reports have described a 15%
decrease in the sizes of myenteric neurons from the large
intestine of pre- and postnatally protein-deprived animals,
as well as recovery of normal size after re-feeding™. A
45% size reduction in enteric neurons of the small intes-
tine has also been observed following undernutrition”,

The present work analyzed the effects of pre- and
postnatal protein undernutrition and postnatal re-feeding
on neurons immunoreactive for the P2Xz receptot, by
specifically examining the expression of nitric oxide
synthase (NOS), calretinin, calbindin and choline acetyl-
transferase (ChAT) in these neurons, as well as neuronal
density and somatic size in the myenteric and submuco-
sal plexuses in the rat ileum.

MATERIALS AND METHODS

Experimental animals

The study was conducted according to current legisla-
tion on animal experiments of the Biomedical Science
Institute of the University of Sao Paulo. Young male and
female Wistar rats (200-240 g body weight) were mated.
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After conception, which was assumed to have occurred
when vaginal sperm plugs were found, the females were
placed in individual cages. During pregnancy, the nour-
ished mothers received an AIN-93G normal protein diet
(protein, 20%; fat, 7%; carbohydrate, 20% and fiber, 5%),
and the undernourished mothers received the AIN-93G
diet with low protein (protein, 5%; fat, 7%; carbohydrate,
20% and fiber, 5%) (Rhoster Industria e Comércio Ltda,
Sdo Paulo, Brazil). The rats were maintained under stan-
dard conditions at 21°C, with a 12-h light/dark cycle, and
all groups were supplied with water ad /ibitum. After partu-
rition, the dams and pups received the same diet that the
dam had during pregnancy. Only the male animals in the
litters were used for experimentation. Females remained in
the litters but were not investigated. There were three ex-
perimental groups. The first group of rats was maintained
on normal feed throughout pregnancy until examined at
42 d (P42) (N, #n = 5). The second group was protein-de-
prived throughout pregnancy and postnatally for 42 d (P42)
(D, # = 5). The third group of rats was the deprived plus
re-feeding group (DR, # = 5), in which animals were un-
dernourished until P21, and then received the AIN-93G
normal protein diet from P22 to P42, At P42, animals
were weighed and euthanized in a CO2 chamber and the
anterior abdominal wall was opened. The small intestine
was removed and washed in PBS. The surface area of the
small intestine was measured using a planimeter.

Immunohistochemistry

Fresh segments of ileum were removed from each animal
of the N, D and DR groups and placed in PBS (0.15 mol/L
NaCl in 0.01 mol/L sodium phosphate buffetr, pH 7.2) that
contained nicardipine (1 0° mol/L; Sigma, St Louis, MO,
USA) to inhibit tissue contraction. The dissected pieces
were opened along the mesenteric border and cleaned
of their contents using PBS. They were then pinned out
tautly, mucosa-side down, onto a balsa-wood board and
fixed overnight at 4°C in paraformaldehyde in 0.2 mol/L
sodium phosphate buffer (pH 7.3). The next day, the tis-
sue was cleared of fixative with three 10-min washes in
100% DMSO, followed by three 10-min washes in PBS.
All tissue was stored at 4°C in PBS that contained so-
dium azide (0.1%). The fixed tissue was dissected and
the mucosa, submucosa and circular layers were removed
to obtain longitudinal muscle-myenteric plexus whole
mounts. In the second type of preparation, the mucosa
and muscularis externa were removed to reveal the in-
tact submucous layer. Whole-mount preparations of the
myenteric and submucosa of the ileum were preincu-
bated in 10% normal hotrse serum in PBS that contained
1.5% Triton X-100 for 30 min at room temperature, to
reduce non-specific binding and to permeabilize the tissue
(Table 1). To localize P2X> receptor immunoreactivity, we
used a rabbit antiserum raised against amino acid sequence
457-472 of the rat P2Xa receptor, with a single Cys exten-
sion at the N-terminal (AB5244; Chemicon, Temecula, CA,
USA). Incubation was for 48 h at 4°C at a dilution of 1:120
in 10% normal hotse serum in PBS that contained 1.5%
Triton X-100. Double labeling was achieved using combina-
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Tissue antigen Host Dilution Code and reference

NOSs Sheep 1:2000 H205
Calbindin Mouse 1:500 Swant 300
Calretinin Goat  1:100 CG1 Swant
ChAT Goat  1:50 Chemicon
Donkey anti-rabbit IgG Alexa 488 1:500  Molecular probes
Donkey anti-sheep IgG Alexa 594 1:100  Molecular probes
Donkey anti-mouse IgG Alexa 594 1:200  Molecular probes

NOS: Nitric oxide synthase; ChAT: Choline acetyltransferase.

tions of antisera (Table 1). Following incubation in primary
antisera, tissue was given three 10-min washes in PBS and
incubated in a mixture of secondary antibodies (Table 1).
Further 10-min washes in PBS were made before tissue was
mounted in glycerol buffered with 0.5 mol/L sodium cat-
bonate buffer (pH 8.0).

Imaging

Preparations were examined on a Leica microscope equipped
with the appropriate filters for Alexa 488 (450-490 nm ex-
citation filter and 515-565 nm emission filter) and Alexa
594 (530-585 nm excitation filter and 615 nm emission fil-
ter). Images were recorded using an Image-Pro-Plus-cou-
pled camera and Image-Pro Plus software (Media Cyber-
netics, Bethesda, MD, USA). Preparations were also ana-
lyzed using confocal microscopy on a Zeiss confocal scan-
ning laser system installed on a Zeiss Axioplan 2 micro-
scope (Catl Zeiss). The system had a krypton/argon laser
for differential visualization of the fluorophores using a
488-nm excitation filter and a 522/535-nm emission filter
for 488 and 568 nm excitation filters and a 605/632 nm
emission filter for Alexa 594. The images were 512 X 512
pixels in size and the thickness of each optical section was
0.5 pm. Immunoreactive cells were scanned as a series of
optical sections with a center spacing of 0.2 um. Confocal
images were collected using LSM 5 Image Zeiss process-
ing software (Catl Zeiss Microlmaging, Germany). Images
were further processed using Corel Photo Paint and Corel
Draw software programs (Corel Corporation).

Quantitative analyses

The proportions of neurons in which antigen immuno-
reactivity was co-localized were determined by examining
double-labeled neurons. Neurons were first located by
the presence of a fluorophore that labeled one antigen,
and then the filter was switched to determine whether the
neuron was labeled for a second antigen, located with a
second fluorophore of a different color. In this way, pro-
portions of neurons labeled for pairs of antigens were
determined. The cohort size was 100 neurons and data
were collected from preparations obtained from at least
four animals. The percentage of neurons immunoreactive
to a second neurochemical was calculated and expressed
as mean T SE. The numbers of P2Xe-immunoreactive
(IR), NOS-IR, calbindin-IR, calretinin-IR and ChAT-
IR neurons and nerve cell perikarya were measured by
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N D DR
Body weight (g) 160 +10 40+18° 100 + 22
Area of small intestine (cm’) ~ 20.41+3.7 133+0.6" 165+0.4

°P < 0.05 vs protein deprived, Tukey’s test for multiple comparisons.

examining the whole-mount preparations under a bin-
ocular microscope at a magnification of 100 X. All neu-
rons present in each 1 cm’” were counted. The nerve cell
perikarya profiles area, major axes, and minor axes of 50
nerve cell perikarya from each animal were obtained on a
semiautomatic morphometry device, the Image-Pro Plus
Program.

Statistical analysis

mean * SE were calculated and compared by analysis of
variance and Tukey test for multiple comparisons, as ap-
propriate. The level of significance was set at P < 0.05.

RESULTS

The mean body weight of animals of the N group (160
T 10 g) was approximately 400% greater than that of the
D group (40 £ 18 g). The body weight of the DR group
(100 £ 22 g) was restored to within 20% of normal at
P42 (P < 0.05). The small intestine area of the D group
was 34% less (P < 0.05) than that of the N group, and
there was no statistical difference between the N and DR
groups (Table 2).

The qualitative results demonstrated that P2Xo> recep-
tor immunoreactivity was found in the myenteric and sub-
mucosal plexuses of the ileum of all groups. Positive label-
ing was seen in the cytoplasm and surface membranes of
most nerve cells of the nourished, undernourished and re-
fed groups (Figure 1). The labeling intensity of the P2Xo
receptor in the myenteric and submucosal ganglia of the
N, D and DR groups was similar. Double-labeling studies
were conducted to identify neurons that had P2Xz immu-
noreactivity co-localized with NOS, calbindin, calretinin
and ChAT in ileal myenteric neurons (Figure 1), and calbi-
ndin, calretinin and ChAT in the ileal submucosal plexus
of the N, D and DR groups (Figure 2). In all groups, the
cellular morphology of the myenteric plexus showed that
NOS-IR neurons had a Dogiel Type I morphology, while
calretinin-IR neurons exhibited Dogiel Type II morphol-
ogy, and calbindin-IR neurons had both small and large
Dogiel Type II neurons. In the submucosal plexus, cal-
bindin-IR neurons had Dogiel Type II morphology. The
intensity of ChAT immunoreactivity was reduced in some
neurons of the myenteric and submucosal ganglia of un-
dernourished rats.

Co-localization

The quantitative results revealed that, in the myenteric
plexuses, the majority of NOS-IR, calbindin-IR, calretinin-
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Figure 1 Co-localization of P2Xz receptor immunoreactivity with nitric oxide synthase, calbindin, calretinin and choline acetyltransferase immunoreactivity
in the ileal myenteric plexus in the N, D and DR groups. A-C: P2X receptor-IR (green) co-localized with nitric oxide synthase (NOS)-IR (red); D-F: P2X receptor-
IR (green) co-localized with calbindin-IR (red); G-I: P2X2 receptors (green) co-localized with calretinin (red); J-L: P2X2 receptors (green) co-localized with choline
acetyltransferase (ChAT) (red). Double-labeled neurons are indicated by arrows.
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P2X2 + Calb P2X2 + Calb
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Figure 2 Co-localization of P2X2 receptor immunoreactivity with calbindin, calretinin and choline acetyltransferase immunoreactivity in the ileal submucosal
plexus in N, D and DR groups. A-C: P2Xz receptor (green) co-localized with calbindin (Calb) (red); D-F: P2Xz receptor (green) co-localized with calretinin (Calr) (red); G-I:
P2X: receptor (green) co-localized with choline acetyltransferase (ChAT) (red). Double-labeled neurons are indicated by arrows.

IR and ChAT-IR neurons also were immunoteactive for
the P2X> receptor. In the submucosal plexus of the ileum,
P2Xz-1R neurons were also calbindin-IR, calretinin-IR, and
ChAT-IR.

In the myenteric plexus, the majority of NOS-IR
neurons were immunoreactive for the P2X> receptor
(N group was 99% £ 0.6% co-localized, D group was
100%, and DR group was 99% * 0.4%). Also, the major-
ity of calbindin-IR neurons were IR for the P2X> recep-
tor (N group was 98% =+ 0.4%, D group was 100%, and
DR group was 99% =+ 1%). The majority of calretinin-
IR neurons were also IR for the P2Xo receptor (group
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N was 100%, D group was 98% =* 0.6%, and DR group
was 98% £ 1%). Most ChAT-IR neurons were also IR
for the P2Xareceptor in the N, D and DR groups (96.2%
T 2%, 96.2% * 2%, and 97% £ 3%, respectively).

In the submucosal plexus, co-localization between
calbindin-IR and P2Xo receptor-IR neurons was complete
in the N, D and DR groups. The co-localization between
P2Xo receptor-IR and calbindin-IR was 16% £ 0.7% in
the N group, 31% * 2% in the D group, and 24% =+ 3%
in the DR group (P < 0.002). In all three groups, cal-
retinin-IR and ChAT-IR neutrons co-localized 100% with
P2X: receptor-IR neurons.
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Figure 3 The density (neuron/cm’) of neurons immunoreactive for the
P2X: receptor, nitric oxide synthase, calbindin, calretinin, and choline
acetyltransferase in the ileal myenteric plexus in the N, D and DR groups.
°P < 0.02,°P < 0.01, °P < 0.002, °P < 0.001 vs N and DR groups. NOS: Nitric
oxide synthase; ChAT: Choline acetyltransferase.

Neuronal density

In the myenteric plexus, the number of neurons per unit
area was increased by 19% for P2Xa receptor-IR neu-
rons (P < 0.01), 64% for NOS-IR neurons (P < 0.002),
84% for calretinin-IR neurons (P < 0.001), and 26% for
ChAT-IR neurons in group D (P < 0.02); calbindin-IR
neuron density, however, did not differ among the three
groups (P > 0.05, Figure 3). In the myenteric plexus, the
total number of NOS-IR neurons, taking into account
the change in intestinal surface area (Figure 4), calbindin-
IR neurons and ChAT-IR neurons did not differ signifi-
cantly between the three groups. There was, however, a
20% increase in the numbers of calretinin-IR neurons
and decrease in P2X> receptor cells with undernutrition
relative to controls (P < 0.05, Figure 4).
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Figure 4 Calculated numbers of neurons immunoreactive for the P2Xz
receptor, nitric oxide synthase, calbindin, calretinin and choline acetyl-
transferase in the small intestine of the N, D and DR groups. °P < 0.05 vs N
and DR groups. NOS: Nitric oxide synthase; ChAT: Choline acetyltransferase.

In the submucosal plexus, the density of P2Xz re-
ceptor-IR, calbindin-IR and ChAT-IR neurons increased
significantly in the undernourished group (67%, P <
0.0003; 189%, P < 0.001 and 42%, P < 0.01, Figure 5).
Calretinin-IR neuron density did not differ among the
three groups (P > 0.05, Figure 5). In the submucosal
plexus, the total numbers of the calretinin-IR neurons
decreased by 23% (P < 0.05), and this was accompanied
by an 89% increase in the calculated numbers of calbi-
ndin-IR neurons. In this region, there was no change in
the numbers of ChAT-IR neurons (Figure 6).

Nerve cell perikarya

Neuron size (nerve cell perikarya, the major and minor
axes of the myenteric plexus neurons) of the calretinin-IR
neurons were approximately 34% smaller in the protein-
deprived rats (P < 0.001) than the control or re-fed rats.
There was an increase of 35% in the nerve cell perikarya
of calbindin-IR neurons and a 14% increase in the minor
axes of the calbindin-IR neurons in the DR group, as well
as a decrease of 15% in the major axes of the NOS-IR
neurons (Table 3).

In the submucosal neurons, there were group dif-
ferences (P < 0.05) with respect to the neuron size of
calbindin-IR, calretinin-IR and ChAT-IR neurons. There
was a 13% decrease in the major axes of calretinin-IR
and ChAT-IR neurons (P < 0.05) and an 18% increase in
the minor axes of calbindin-IR neurons (P < 0.05). Neu-
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Figure 5 The density of neurons (neuron/cm?) immunoreactive for P2X
receptor, calbindin, calretinin and choline acetyltransferase in the ileal sub-

mucosal plexus in the N, D and DR groups. °P < 0.01, °P < 0.001, °P < 0.0003
vs N and DR groups. ChAT: Choline acetyltransferase.
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Figure 6 The calculated numbers of neurons immunoreactive for P2Xz re-
ceptor, calbindin, calretinin and choline acetyltransferase in the ileal submu-
cosal plexus of the N, D and DR groups. °P < 0.05 vs N and DR groups. ChAT:
Choline acetyltransferase.
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N D DR
Myenteric plexus
NOS
Profile 240.4 £30.7 197.1+£25.8 225.8 +£26.7
Major axes 25.21+ 2.1 21.7+1.6 251+1.9
Minor axes 121+0.6 11.3+0.8 11411
Calbindin
Profile 227.7 +43.1 223.6+26.3 307.5 + 58°
Major axes 235+28 241429 279+46
Minor axes 122411 119403 14.0£0.8°
Calretinin
Profile 397.7 £39.6 259.2+48.8" 331.5+245
Major axes 293+21 223+35° 275+27
Minor axes 16.7+0.6 141+ 05" 151+0.5
ChAT
Profile 229.4+39.4 183.6 £39.3 198.7 +37.5
Major axes 21.8+24 194+24 201+25
Minor axes 128 +1.0 11.7 0.7 121+0.8
Submucosal plexus
Calbindin
Profile 2442 +47.6 256.7 +34.8 310.7 £46.2
Major axes 248+17 274+22 274+17
Minor axes 124+14 122408 145+12
Calretinin
Profile 233.8 +51.5 200 +4.6 2425+ 41.6
Major axes 241+21 20.8£0.5° 25.7+3.1
Minor axes 12417 12103 12114
ChAT
Profile 185.5+18.4 1543 +224 175.3 £20.0
Major axes 20117 17.5+0.8" 18.8+0.7
Minor axes 11.4+0.2 11.1+0.9 11.5+1.1

*P < 0.05, °P < 0.001 vs N and DR groups; P < 0.05 vs N and D groups.
Tukey’s test for multiple values, mean * SE, n = 5. NOS: Nitric oxide syn-
thase; ChAT: Choline acetyltransferase.

ron size distributions in the myenteric and submucous
plexuses of the N, D and DR groups are shown in the
histograms of Figures 7 and 8.

DISCUSSION

Various methods have been used to induce experimental
undernutrition. The protocols of undernutrition and
re-feeding employed in this study were effective, because
malnourished animals lost weight, which was then recov-
ered by re-feeding. These findings agree with those of
other studies that have used similar protocols”™*.,

The antigen markers for different functional classes
of neurons have been determined for guinea pig and
mouse small intestine, and to a lesser extent in other mam-
mals”". The expression patterns have been partly de-
scribed in the rat™*. NOS is expressed in inhibitory mo-
tor neurons in all species in the small and large intestine,
whereas all other neuron types, such as excitatory motor
neurons, interneurons, and intrinsic primary afferent neu-
rons (IPANs) are immunoreactive for ChAT in the mouse
and rat myenteric plexus[?’o’mﬂ. Dogiel Type II neurons,
which are intrinsic primary afferent neurons in all species
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Figure 7 Histograms showing the distribution of areas (.m’) of neurons immunoreactive for nitric oxide synthase (A), calbindin (B), calretinin (C) and cho-

line acetyltransferase (D) in the ileal myenteric plexus of the N, D and DR groups. NOS: Nitric oxide synthase; ChAT: Choline acetyltransferase.

A

% calbindin-IR neurons

% ChAT-IR neurons

35

30

25

20

15

10

45
40
35
30
25
20
15

10 -

0 50

100

150

200

250 300

O N B

mo

B DR "
c
[}
S
3
(7]
c
o
=
£
=
£
[9)
=
©
(&)
X

350

0 50 100 150 200 250 300 350 400 450 500 550 600

400

50
45
40
35
30
25
20
15
10

5

0 50 100 150 200 250 300 350 400 450 500 550 600
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the ileal submucosal plexus of the N, D and DR groups. ChAT: Choline acetyltransferase.
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| are immunoreactive for calretinin

studied, including rats”

in the rat small intestine™. The subclasses of neurons in
the submucosal ganglia of rat illeum have not been exten-
sively studied but, by analogy with other small mammals,
they are likely to include cholinergic and non-cholinergic

12937 1 o

secretomotor neurons and, possibly, IPANs
cordance with the data from rats and other small mam-
mals, we chose the enzyme NOS to identify inhibitory
motor neurons, ChAT to identify excitatory motor neu-
rons and interneurons, calretinin to identify IPANs, and
calbindin, which is a marker of many neurons in the rat
small intestine. Within the three groups, the NOS-IR neu-
rons had Dogiel Type I morphology and the calretinin-
IR neurons in the myenteric and submucosal plexuses had
Dogiel Type II morphology while presenting various sizes.
Calbindin-IR neurons exhibited four distinct morpholo-
gies: the Dogiel type II neurons (large and small) and Do-
giel type I neurons (small and elongated). These findings
are consistent with the literature®”.

By qualitative analyses, there were no differences in
neuron morphology between the N, D and DR groups.
There was also no observed change in the labeling inten-
sity of neurons immunoreactive for NOS, calretinin, and
calbindin among the three groups. However, the intensity
of ChAT immunoreactivity was reduced in some neurons
of the undernourished group and increased in the re-fed
group. These results are consistent with other studies in
which a decrease in the intensity of ChAT immunoreac-
tivity in the myenteric neurons of malnourished animals
has been reported™”. Other enzymes, such as NADH
diaphorase, also show decreased immunoreactivity in mal-
nourished and recovery in re-fed animals”"*,

Previous studies have revealed the presence of P2Xo,
P2X5 and P2X7 receptor-containing neurons in the en-
[6—11]’ rats[12—14] and

. In the current work with the rat enteric ner-

teric nervous system of guinea pigs
micel516l

vous system, we found that P2Xo receptors were present
in both the cytoplasm and cytoplasmic membrane in
neurons of the myenteric and submucosal plexuses.

The co-localization of different neuronal markers
described in this work confirm the presence of P2Xa re-
ceptors in NOS-IR, calretinin-IR, and calbindin-IR enteric
neurons, as well as in ChAT-IR neurons of the myenteric
and submucosal plexuses. ATP has been reported to de-
polarize 70%-90% of guinea-pig enteric neurons, which
indicates that many entetic neutons have ionic P2X re-
ceptorspﬂ, In the myenteric plexus of rats, we found that
the P2X2 receptors exhibited complete co-localization
with NOS-IR, calretinin-IR, calbindin-IR and ChAT-IR
neurons in the three groups examined, without significant
differences among them. This finding is consistent with
the literature, which demonstrates the presence of the re-
ceptor in inhibitory neurons, as well as intrinsic excitatory
and secretomotor/vasodilator primary afferent neurons in
guinea pigsm and rats'".

Our analyses of co-localization in the submucosal
plexus showed that all calretinin-IR, ChAT and calbindin-
IR neurons co-localized with P2X> receptor-IR neurons.
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However, there was a significant increase (P < 0.05) in
the co-localization of P2X: neurons with calbindin-IR
neurons in the undernourished group, which recovered in
the re-fed DR group. This result agrees with Xiang and
Burnstock’s'"” findings, in which they reported expression
of P2X> receptor in calretinin and calbindin neurons in
the ileal myenteric plexus of rats. The co-localization that
we described in the myenteric and submucosal plexuses
suggested that malnutrition did not change neurochemical
coding, for the markers that were used, in the enteric ner-
vous system.

Changes in the density of myenteric neurons have
been observed in various regions of the gastrointestinal

[20-23,25,39]
and recovery

tract in models of undernutrition
is observed in re-fed rats®***. The increase in neuro-
nal density in undernourished protocols is likely due to
decreases in the surface area of the small or large intes-

ne™ " Tn our work on the myenteric plexus, neuron
densities were increased for P2Xo receptor-IR, NOS-IR,
ChAT-IR and calretinin-IR neurons in the D group, and
went back to control levels in the DR group. This increase
in neuron density was due to a reduction of approximate-
ly 34% in small-intestinal area in the D group. There was
recovery of the intestinal area in the DR group. In con-
trast, the density of calbindin-IR neurons in the myentetic
plexus did not differ among the three groups (P > 0.05).
Morteover, the increases in neuron density in the myenteric
plexus in the D group were dependent upon the neuro-
nal class examined. NOS-IR neuron density increased by
64%, calretinin-IR neurons by 84%, and ChAT-IR neu-
rons by 26%; these data suggest that undernourishment
affects the neuronal subtypes differently. There was no
change in the calculation of the total number of NOS-IR,
calbindin-IR or ChAT-IR neurons in the small intestine of
the three groups. However, the calretinin-IR neuron num-
bers were increased (20%) in the undernourished group
and P2Xz receptor-IR neurons were decreased by around
25% in the D and DR groups.

The density of P2Xs-receptor-expressing neurons in
the myentetic plexus in group N was about 51000/ cm’ in
our study. This value is higher than the combined sum of
the two major neuronal subtype populations of the my-
enteric neurons: NOS (8000/cm? + ChAT (26000/cm’).
This discrepancy could be due to P2Xo receptor staining
in another neuronal class, which was not immunoreactive
for NOS, calbindin, calretinin or ChAT. Also, P2Xa recep-
tor labeling could have also stained enteric glial cells. The
presence of P2X and P2Y receptors has been described in

astrocytes and microglia of the central nervous system'"""

®* 15 the mammalian enteric

and in enteric glial cells
nervous system, the proportion of glial cells to neurons is
about three to one™™.

The tonic release of ATP into the extracellular space
without a particular stimulus is a widespread physiologi-
cal process. However, the release of ATP into the extra-
cellular environment is also caused by pathophysiological
events like inflammation, ischemia, injury as a conse-
quence of cell damage or acute cell death, and metabolic
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stress™. All physiological effects of ATP including fast
purinergic transmission and co-transmission, the secre-
tion of neuropeptides, and mechanosensory transduc-
tion might be amplified by overtly increased extracellular
concentrations of ATPM,

Studies from the literature have reported changes in the
expression of purinergic receptors in different dietary con-
ditions in the central nervous system. A diet deficient in
zinc, for example, increases expression of P2Xe receptors
in the hippocampus of rats’” which suggests that dietary
zinc levels also affect protein expression and could act as a
modulator of the receptor function. Increased P2Y1 recep-
tor mRNA expression in the hypothalamus after food re-
striction has been reported in rats™ and the data indicate
that expression of ADP/ATP-sensitive P2Y1 receptorts in
the hypothalamus is dependent on feeding conditions. The
enhanced expression of the P2Y1 receptor during the early
and late interval of restricted feeding suggests an increased
demand for purinergic signaling to enhance the activity of
hypothalamic neurons. Also, there is an indication of P2Y1
and Aea that purinergic receptor mRNA expression is al-
tered during acute and chronic food deprivationm. Some
authors have suggested that ATP/ADP, acting as extracel-
lular signal molecules in the rat brain, is involved in the
regulation of food intake, possibly depending on P2Y1-
receptor-mediated nitric oxide production[f’(”.

During metabolic stress, such as hypoglycemia or
brain ischemia, activation of different P2 receptors has
been demonstrated 7z vivo and 7 vitro. The P2X2 and P2X4
receptors are upregulated after oxygen and glucose depri-
vation in organotypical slice cultures and in CA1 and CA3
pyramidal cells after 7z vivo ischemia in gerbilsm. During
in vivo and in vitro ischemia, the P2X7 receptor density is
upregulated in microglia and on astrocytes and neurons’.
Prenatal protein malnutrition might increase circulating
concentrations of ATP, and this increases P2Xz expres-
sion in cells. Enhancement of P2Xo receptors in the D
group suggests an increased demand for purinergic signal-
ing, These changes were all reversed in re-fed rats, which
demonstrated the effectiveness of re-feeding upon enteric
neuron recovery.

Changes in neuronal expression of P2Xi purinocep-
tors are frequently seen not only as a result of maturation
and neuronal differentiation, but also after various types
of acute insults to the central nervous system such as
ischemia, hypoxia, mechanical stress, axotomy, and inflam-
mation. Purinergic mechanisms are involved in the etiol-
ogy of many neurodegenerative conditions, especially due
to the large extracellular release of ATP, adenosine, and
other neurotransmitters*>’ upon neural damage. Pro-
longed stimulation of ATP receptors results in changes
in the location and density of P2 receptors in the cell
membrane!”. Increased P2Xs receptor expression has
been observed in inflammatory bowel disease of the large
intestine, which suggests that changes in this receptor can
cause pain and dysmotility of the bowel™,

Nitrergic neurons (using nitric oxide synthesized by
NOS) and cholinergic neurons (those that use the acetyl-

144

Jgn?s:iﬁm"* WJG | www.wjgnet.com

choline synthesized by ChAT) represent two major sub-
populations of myenteric neurons', although these pat-
terns vary between guinea pigsm, mice™ " and rats®>,

Our work implies that differences between groups
in the total neuronal density in the myenteric plexus are
comprised principally of changes in the NOS-IR-and
ChAT-IR neuronal populations. The total neuron density
in the myenteric plexus was approximately 34800/cm’
in the nourished group. This neuronal density is greater
in comparison with that in previous studies, which have
reported values of 15000 to 20000/cm™*, 10000/cm™”
and 18000/cm™. These differences could be, in part,
due to methodology as well as the different ages and
strains of rats used.

Marese et a/*"! have quantified neuronal numbers in
the myenteric plexus of the duodenum using the Giemsa
histological method and myosin V pan-neuronal immuno-
histochemical labeling. These studies have demonstrated
that the number of neurons/cm’ decreases with animal
age between 21 and 428 d. Our experiments used 42-d-old
rats of the same lineage (Wistar), and the estimate of neu-
ron density in our work is within the 21-60 d range report-
ed by Marese ¢z a/*” (21 d: Giemsa 89335 neurons/cm?;
myosin V: 59364/ cm’; 60 d: Giemsa: 47814/cm’; myosin
V: 30291 /cm?).

In the present work, the proportions of NOS-IR and
ChAT-IR neurons were 32% and 68%, respectively, in the
myenteric plexus of the malnourished group. Consistent
with previous studies™’, we found that these propor-
tions were maintained in the D and DR groups.

Submucosal plexus

ChAT-IR neurons comprised the majority of submucosal
plexus neurons in the three groups. These findings agree
with prior studies, which have described most neurons of
the submucosal plexus as ChAT-IR". We demonstrat-
ed, for the first time, an increase in the density of P2X2
receptor-IR, calbindin-IR, calretinin-IR and ChAT-IR
neurons in the deprived animals, which returned to con-
trol levels in the re-fed animals in the submucosal plexus.
This increase was due to a 34% reduction in the area of
the small intestine in the deprived animals.

The total number of calbindin-IR submucosal neu-
rons increased in the small intestine of undernourished
animals, in contrast to a decrease in calretinin-IR neurons
and no change in the number of ChAT-IR neurons. These
data indicate that the lack of protein nutrition can also
have an impact on the chemical coding of the submucosal
plexus. Differences in these measures between the myen-
teric and submucosal plexuses might reflect a differential
effect of malnutrition or undernutrition on these two
regions, as well as a differential effect of undernourish-
ment on each neuronal subtype. In addition, the increase
of calbindin-expressing neurons in the submucosal plexus
could be a compensatory mechanism in response to the
decrease in these neurons in the myenteric plexus.

Neuronal sizes
Previous immunohistochemical studies have shown that
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undernutrition affects the neuron size profile of the gas-
trointestinal tract™”""". Analyses using the Giemsa tech-
nique”™*™ and histochemistry™ have found no significant
differences in the neuronal sizes in the small intestine in
nourished, undernourished and re-fed animals. The pres-
ent work, using an immunohistochemistry technique,
was unable to verify exactly which neuronal class showed
changes in size. In the myenteric plexus, there were de-
creases in size of the calretinin-IR neurons in groups D
and DR. There was also an increase in the size of calbi-
ndin-IR neurons in the DR group, compared to the N
and D groups. There was no change (P > 0.05) in the size
of ChAT-IR neurons among the three groups. The size
of NOS-IR neurons also did not change, consistent with
previous reportsm]. In the submucosal plexus, the sizes
of calbindin-IR, calretinin-IR and ChAT-IR neurons were
not affected by undernutrition. However, the major axes
of the calbindin-IR and minor axes of the calretinin-IR
and ChAT-IR neurons decteased in group D, with recov-
ery in group DR. The differences between the submuco-
sal and myenteric plexuses suggest again that undernutri-
tion affects the two plexuses differently. The distribution
areas of NOS-IR, calbindin-IR, calretinin-IR and ChAT-
IR neurons in our study ranged from 100 to 500 prnz, in
agreement with previous reports™

The current study demonstrates that both under-
nourishment and re-feeding has a different impact on
neuronal subtypes. Undernutrition also differently af-
fects the myenteric and submucosal plexuses; changes in
calbindin-IR neuronal density in the submucosal plexus
were not reflected in the myenteric plexus, where only
the profile of the calretinin-IR neurons was affected by
dietary restriction. These changes were all reversed in
re-fed rats, which demonstrated the effectiveness of re-
feeding upon enteric neuron recovery.
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Abstract

AIM: To investigate and elucidate the molecular mech-
anism underlying varioliform gastritis for early detec-
tion, prevention and intervention of gastric cancer.

METHODS: A combination of two-dimensional gel elec-
trophoresis and mass spectrometry was used to detect
the differentially expressed proteins between varioliform
gastritis and matched normal mucosa. The selected
proteins were confirmed by Western blotting and re-
verse transcription polymerase chain reaction (RT-PCR)
in additional samples and the function of some proteins
in varioliform gastritis was analyzed by bio-method pre-
liminarily.

RESULTS: We identified 21 differentially expressed
proteins in varioliform gastritis, and compared them
with matched normal mucosa. Eleven proteins were up-
regulated and ten downregulated in varioliform gastritis
when compared with the same proteins in individual-
matched normal gastric mucosa. These proteins are
related to metabolism, oxidation, cytoskeleton, apopto-
sis, signal transduction and other aspects of cells. Two
novel proteins, thioredoxin domain-containing protein
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5 (TXNDCS5) upregulated in varioliform gastritis, and
neuropolypeptide h3 [phosphatidylethanolamine-binding
protein 1 (PEBP1)] downregulated in varioliform gastri-
tis, were further investigated. Their expressions were
validated by Western blotting and RT-PCR in 12 cases
of varioliform gastritis which was matched with normal
mucosa. The expression level of PEBP1 in varioliform
gastritis was significantly lower (P < 0.05) while that of
TXNDC5 was significantly higher than that in matched
normal gastric mucosa (P < 0.05).

CONCLUSION: There are some changes of protein ex-
pression in varioliform gastritis. Downregulation of PEBP1
and upregulation of TXNDC5 are involved in the develop-
ment of varioliform gastritis.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Varioliform gastritis is currently recognized as a special
kind of chronic gastritis characterized by nodules, thick-
ened fugal folds and erosions. These features appeat to be
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unusual and different from those seen in chronic gastritis.
The diagnosis can be easily made by endoscopic exami-
nation. But the morbidity of varioliform gastritis has
increased quickly recently in China. Very little is known
about the etiopathogeny, clinical significance and evolu-
tion of this disease. The molecular biological researches
on varioliform gastritis are very limited and no proteomics
research on this disease has been found up to date. So
the molecular mechanism of this disease is still unclear.
The role of Helicobacter pylori (H. pylori) remains unknown.
Although a close relationship between this gastritis and
the bacteria was suggested to exist over the last few years,
But no H. pylori infection was found in the gastric mucosa
of some patients with varioliform gastritis. What is the
reason?

Gastric cancer is the second most common malignancy
in the world. Each year, about 798000 people are diag-
nosed as having gastric cancer (9.9% of total cancer cases)
and 628000 people die from the disease (12.1% of cancer
deaths)"". In eastern Asian countries including China, the
morbidity and mortality of gastric cancer have ranked
the first among all kinds of cancer and grown rapidly in
the past two decades. Gastric carcinogenesis is not a well-
known process, and the central paradigm for the initiation
and development of gastric carcinoma is still not very clear.

In 1960, Munoz Monteavaro ef al” reported varioliform
gastritis with “/» situ” carcinomatous transformation. It
was reported a case of ampullary carcinoma accompanied
with gastroenteropathy due to diffuse varioliform gastritis.
Similarly, Cappell ¢z a/” reported adenomatous transfor-
mation in a patient with varioliform gastritis who had seri-
al gastroscopies. This report also suggests a possible asso-
ciation between varioliform gastritis and gastric neoplasia.
Several other groups have reported similar findings and
performed a more comprehensive analysis of relationship
between varioliform gastritis and gastric cancer .

The elevations could persist and appear as sessile pol-
yps after the erosions heal and symptoms relieved after
treatment. Adenomatous transformation was reported
in some patients with varioliform gastritis. These reports
suggested a possible association between varioliform
gastritis and gastric neoplasia. Although this disease was
concluded as a kind of precursor disease of gastric cancer
at Sydney Conference, the mechanism of carcinogenesis
from varioliform gastritis was unknown. Gastric cancer
might be effectively controlled if this premalignant lesion-
varioliform gastritis-is detected and treated before invasion
occurs. Therefore, it is crucial to elucidate the molecular
mechanism undetlying varioliform gastritis. Some current
mechanistic models focus almost on the localized lesion or
H. pylori infection, with much less attention paid to patho-
logic changes occurring in the normal-appearing mucosa
without H. pylori infection from which such lesions emerge.

The pattern of expressed proteins can reflect the in-
formation about the functional status and health of the
tissue. Recently, the development of new methods for
protein analysis has led to the emergence of a new field
of clinical proteomics, in which these techniques are har-
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nessed to identify functional molecular or biomarkers of
cancer and other diseases”, but there is hardly any study
on the differential expressions of proteins in varioliform
gastritis and normal-appearing mucosa.

In the present study, we used proteomic techniques
to test the hypothesis that normal gastric mucosa from a
patient with varioliform gastritis would exhibit different
pattens of protein expression with the disordered mucosa
from the same patient. By this approach, comparison of
anatomically normal and disordered tissues against the
same genetic background could be made.

MATERIALS AND METHODS

Sample collection

Samples were taken from 17 patients with varioliform
gastritis in the Second Affiliated Hospital of General
Hospital of PLA (Table 1). These patients were examined
by °C urea breath test and the results were all negative.
The results of autoantibody detection were also negative
in these patients. The case of H. pylori infection and auto-
immune disease was excluded. Normal gastric mucosa was
defined as that 5cm adjacent to the elevations. All samples
were obtained by biopsy in endoscopic examinations for
these patients. Four pieces of elevatory tissues and normal
mucosa were collected from each patient, respectively.
One piece of the elevatory tissue underwent pathologi-
cal diagnosis, and the others were saved for future stud-
ies. The patients were well informed in accordance with
the disciplines of the Ethics Committee of Biomedicine,
General Hospital of PLA, China.

All samples were snap-frozen in liquid nitrogen and
stored in a deep freezer (-80°C) until used. Tissues (80-
150 mg) were crushed in liquid nitrogen and lysed in 1 mL
of 7 mol/L urea, 2 mol/L thiourea, 4% 3-[(3-cholamido-
propyl) dimethylammonio]| propanesulfonate (CHAPS),
65 mmol/L dithiothteitol (DTT), and 0.2% Bio-Lyte (pH
5-8, Bio-Rad, Hercules, CA) with sonication on ice. The
lysates were centrifuged at 20000 X g for 1 h at 4°C. Su-
pernatants were removed and concentrations were deter-
mined by the Bio-Rad AC DC protein assay kit (Bio-Rad).
The protein samples were stored at -80°C. Before 2-DE
was performed, the protein samples were purified using
the Readyprep 2-D cleanup kit (Bio-Rad) according to
the manufacturet’s instructions.

Clinical data of samples

Detailed clinical and pathological data from the health care
information center were reviewed. None of the patients
had received treatment prior to endoscopic examination.
Of the 17 patients, 11 were men, and six were women; the
mean age was 51 years (range, 34-72 years, Table 1). No
patient suffered from varioliform gastritis with other con-
current gastric diseases. All tissues of vatioliform gastritis
had definite histologic diagnoses: acute and chronic muco-
sal inflammation (7 = 12), acute and chronic mucosal in-
flammation with lymphocytic infiltration (# = 5). None of
them had H. py/ori infection or low-to-moderate dysplasia.
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Patient Sex Age (yr) Lesion site Histology

No.

1 F 77 Gastric antrum Acute and chronic mucosal inflammation, H. pylori (-)

2 F 54 Gastric antrum Acute and chronic mucosal inflammation, H. pylori (-)

3 F 59 Gastric body and gastric antrum Acute and chronic mucosal inflammation with Lymphocytic infiltration, H. pylori (-)
4 F 43 Gastric body and gastric antrum Acute and chronic mucosal inflammation, H. pylori (-)

5 F 62 Gastric antrum Acute and chronic mucosal inflammation, H. pylori (-)

6 F 68 Gastric body and gastric antrum Acute and chronic mucosal inflammation, H. pylori (-)

7 M 44 Gastric antrum Acute and chronic mucosal inflammation with Lymphocytic infiltration, H. pylori (-)
8 M 36 Gastric antrum Acute and chronic mucosal inflammation, H. pylori (-)

9 M 76 Gastric antrum Acute and chronic mucosal inflammation with Lymphocytic infiltration, H. pylori (-)
10 M 67 Gastric antrum Acute and chronic mucosal inflammation, H. pylori (-)

11 M 55 Gastric antrum and pylorus Acute and chronic mucosal inflammation, H. pylori (-)

12 M 45 Gastric antrum Acute and chronic mucosal inflammation, H. pylori (-)

13 M 72 Gastric antrum Acute and chronic mucosal inflammation with Lymphocytic infiltration, H. pylori (-)
14 M 57 Gastric antrum and pylorus Acute and chronic mucosal inflammation, H. pylori (-)

15 M 61 Gastric antrum Acute and chronic mucosal inflammation with Lymphocytic infiltration, H. pylori (-)
16 M 51 Gastric antrum Acute and chronic mucosal inflammation, H. pylori (-)

17 M 78 Gastric antrum and pylorus Acute and chronic mucosal inflammation, H. pylori (-)

H. pylori: Helicobacter pylori.

Two-dimensional gel electrophoresis

Individual paired samples of normal gastric mucosa and
varioliform gastritis were analyzed by 2-DE as described
by Xing previously”. Briefly, linear gradient 24-cm (pH
5-8) ready strip (Bio-Rad) was rehydrated overnight at 16°C
with 200 pg of protein samples in 500 pL of rehydration
buffer (7 mol/L urea, 2 mol/L thiourea, 4% CHAPS,
65 mmol/L DTT, and 0.2% Bio-Lyte). Isoelectric focus-
ing (IEF) was performed using PROTEAN IEF Cell (Bio-
Rad). After IEF, the immobilized pH gradient strip was
immediately equilibrated in equilibration buffer 1 [6 mol/L
urea, 2% sodium dodecyl sulfate (SDS)], 0.375 mol/L Tris-
HCI pH 8.8, 20% glycerol, and 2% DTT) for 15 min and
then in equilibration buffer II (6 mol/L urea, 2% SDS,
0.375 mol/L Tris-HCl pH 8.8, 20% glycerol, and 2.5%
iodoacetamide) for 15 min. SDS-polyacrylamide gel electro-
phoresis was cartied out on 12% SDS-polyacrylamide gels
(25 cm X 20.5 cm X 1.0 mm) using the PROTEAN Plus
Dodeca Cell (Bio-Rad) at a constant voltage of 200 V at
20°C. After electrophoresis, the gels were stained using the
Silver Stain Plus Kit (Bio-Rad). The above processes were
petformed in triplicate for each sample.

Gel imaging and analysis

The silver-stained 2-DE gels were scanned on a GS-800
Calibrated Imaging Densitometer (Bio-Rad) at a resolu-
tion of 300 dots per inch. Intensities of protein spots
were analyzed with Amersham Biosciences-Imagemaster
v5.0. The differential protein spots were defined as those
having a 5-fold higher or lower level of differential expres-
sion in at least 9 cases compared with the normal mucosa.

Spot cutting and in-gel digestion

The 17 samples were used for spot cutting. Equal pro-
tein masses of each sample (normal gastric mucosa and
varioliform gastritis tissue) were pooled, and 300 pg of
the mixture was loaded for 2-DE. The differentially ex-

1494

&?s:ﬁmg"‘ WJG | www.wjgnet.com

pressed protein spots were identified as desctibed in the
preceding text. These spots were excised from gels by
Proteomeworks Spot Cutter (Bio-Rad), destained for 20
min in 30 mmol/L potassium ferricyanide/100 mmol/L
sodium thiosulfate [1:1 (v/v)], and washed in Milli-Q wa-
ter until the gels shrank and bleached. The gel pieces were
incubated in 0.2 mol/L NHsHCO:s for 20 min and dried
by lyophilization. Twenty microliters (20 pg/mL in con-
centration) trypsin (proteomics grade, Sigma, St. Louis,
MO) was added into each gel piece, and incubated at 37°C
overnight. The peptides were extracted three times with
50% acetonitrile and 0.1% trifluoroacetic acid and dried in
a vacuum centrifuge.

Mass spectrometry

The digests were analyzed using a Bruker Autoflex 1I
TOF/TOF mass spectrometer with delayed extraction in
which a-cyano-4-hydroxycinnamic acid was exploited as the
matrix. The total 2-ul. solution was applied onto a target disk
and allowed to air-dry. Mass-to-charge ratios were measured
in a reflector/delayed extraction mode with an accelerat-
ing voltage of 20 kV, a grid voltage of 63%-65%, positive
polarity, and a delay time of 200 nanoseconds. Laser shots
at 300 per spectrum were used to acquire the spectra from
800 to 4000 Daltons. Trypsin autolysis products were used
for internal mass calibration. Database searching was pet-
formed using Mascot software (http://wwwmattixscience.
com). The search parameters were the ntNCBI database,
human, 10-150 kDa, trypsin (1 missed enzymatic cleavage),
and 100-ppm mass tolerance. The best match was the one
with the highest score, and a significant match was typically
a score of mote than 70 (P < 0.05).

Western blotting analysis

After the analysis of selected proteins, two differential
proteins were confirmed by Western blotting analysis in
additional samples for validating the 2-DE results. West-
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ern blotting analysis was performed in 12 cases of vario-
liform gastritis with individual-matched normal mucosa.
Tissue samples were lysed as described above and protein
extracts (50 pg) were separated on a 12% SDS-polyacryl-
amide gel. Proteins were transferred to a poly-vinylidene
difluoride membrane (Bio-Rad). After blocking, the mem-
branes were incubated with a rabbit monoclonal antibody
of phosphatidylethanolamine-binding protein 1 (PEBP1)
(dilution of 1:2000; Epitomics, California, MA) and poly-
clonal goat anti-thioredoxin domain-containing protein 5
(TXNDC5) antibody (dilution of 1:1000; Cell Signaling
Technology, Danvers, MA). Subsequently, the membranes
were incubated in horseradish peroxidase-anti-rabbit and
horseradish peroxidase-anti-goat IgG (Abcam, Cambridge,
UK), respectively. The specific proteins were visualized
with chemiluminescent reagent (Pierce Biotechnology,
Rockford, IL). As a control for equal protein loading, blots
wete restained with anti-actin antibody (dilution of 1:4000;
Santa Cruz Biotechnology, Santa Cruz, CA). The band in-
tensity was analyzed by PDQuest software v7.1. The rela-
tive expression level was calculated as the intensity ratio
of PEBP1 or TXNDCS5 to that of actin. The association
between categorical data was analyzed using the SPSS11.0
software package.

Reverse transcription polymerase chain reaction of
TXNDC$5 and PEBP1

The total RNAs of additional samples were extracted by
homogenization in Trizol (Invitrogen) for validating the
2-DE results. cDNA synthesis was performed in 20 pL
reaction system of reverse transcription including 5 pg
RNA. Amplification of TXNDC5, PEBP1 and p2-MG
acting as internal control was carried out in DNA thermal
cycler (Perkin Elmer) using equal cDNA as template. PCR
products were separated by 1.5% agarose gel electropho-
resis, scanned and analyzed with VDS ImageMaster sys-
tem (Pharmacia).

Preliminary functional analysis of TXNDC5 and PEBP1
To understand the function of TXNDC5 and PEBP1 in
varioliform gastritis, they were imported into Pathway Stu-
dio (demo), and a visualized interaction map was genet-
ated with information from Ensembl database, the Pfam
protein family database, Prosite database, GNF GeneAtlas
database and PDB database. Each node represents either
a protein entity or a control mechanism of the interaction.
We intended to find the key pathway including TXNDC5,
PEBP1 and other proteins in our proteomics research by
analyzing the protein interaction networks.

Statistical analysis
SPSS11.0 statistical software was used for the statistical
analysis.

The gray values of the protein candidates were ana-
lyzed by the nonparametric Wilcoxon test. The intensity
ratio of PEBP1 or TXNDCS5 to that of internal control
in Western blotting or reverse transcription polymerase
chain reaction (RT-PCR) analysis was analyzed by one-
factor analysis of variance.
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RESULTS

Differential protein expression of varioliform gastritis
The 2-DE protein patterns were studied in 17 patients with
varioliform gastritis and individual-matched normal muco-
sa tissues. About 1800 proteins were detected in each gel.
The proteins expressed in vatioliform gastritis were com-
pared with those in matched normal tissues. The differen-
tially expressed candidates were the protein spots having
a 5-fold higher or lower level of differential expression in
at least 9 cases (Figure 1A and B). In this study, 21 signifi-
cantly different candidate protein spots were found. They
were also present in the 2-DE gel. Eleven proteins were
upregulated and 10 downregulated in varioliform gastritis
compared with the same proteins in individual-matched
normal gastric mucosa. The quantities of all detected spots
were analyzed by the nonparametric Wilcoxon test. These
candidate spots were then analyzed by mass spectrometry
(MS), and a total of 18 proteins (Figure 1C and Table 2)
were identified. We failed to detect three protein spots.
There might be several reasons, such as lower abundance,
errors in the operation, lower reliability of the MS results,
and characteristics of these proteins. More work will be
done on the three protein spots in the future studies.

Validation of PEBP1 and TXNDC5 by Western blotting
The two novel candidate proteins, PEBP1 and TXNDC5,
were studied further among the differentially expressed
proteins. Their expression profiles in varioliform gastritis
have not been reported previously. Western blotting analy-
sis showed that TXNDC5 was upregulated significantly
in varioliform gastritis but not in normal gastric mucosa
(mean * SD: 0.37 £ 0.05) (Figure 2B). Compared with
that in normal mucosa (mean * SD: 0.76 * 0.12), PEBP1
was significantly downregulated in varioliform gastritis
(mean + SD: 0.18 £ 0.08) (P < 0.05, by Student’s test or
the Friedman test) (Figure 2A).

Validation of PEBP1 and TXNDC5 by RT-PCR

Using semiquantitative RT-PCR, 476 bp fragment of
TXNDCS5, 451 bp fragment of PEBP1 and 876 bp con-
trol fragment of B2-MG were amplified (Figure 3). The
mean ratios of the absorbency of PEBP1 band normal-
ized to the control band were 0.35 £ 0.09 and 1.23 + 0.27
in 12 cases of varioliform gastritis and normal mucosa. P
value was lower than 0.05 when Student’s # test was used
to compare the ratios of the two groups (Figure 3B).
Those of TXNDC5 were 1.15 £ 0.07 and 0.23 £ 0.06
in 12 cases of varioliform gastritis and normal mucosa,
respectively (P < 0.05) (Figure 3A). The results suggested
that the difference of TXNDC5 and PEBP1 between
varioliform gastritis and normal mucosa could be obvious
at the mRNA level.

Preliminary functional analysis

TXNDCS5 and PEBP1 wete imported into Pathway Studio
(demo) to build an interaction network. The connectivity
of TXNDC5 and PEBP1 was 40 and 145, respectively.
The average connectivity of proteins identified was about
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Figure 1 Detection and analysis of differentially expressed proteins in varioliform gastritis. A: Representative 2-DE images of matched varioliform gastritis
and normal gastric mucosa tissue. The proteins expressed in varioliform gastritis were compared with those expressed in matched normal tissue. The protein spots
that showed more than 5-fold differential expression in at least nine cases were taken as differentially expressed candidates. Of 21 differentially expressed protein
spots, 18 were identified by mass spectrometry (MS) (protein nomenclature can be seen in Table 2); B: The magnified regions of the 2-DE gel of upregulated thiore-
doxin domain-containing protein 5 (TXNDC5) (left) and downregulated phosphatidylethanolamine-binding protein 1 (PEBP1) (right) in varioliform gastritis, compared
with normal tissue; C: MS of in-gel trypsin digests of these proteins and analysis of the depicted peptide spectrum resulted in the identification of TXNDC5 (left) and
PEBP1 (right).
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Mass
(Da)/pl

ID Protein name Gene  Accession
No. name No.

Cover rate Mascot Intensity of candidate General function/comments
(mean, %) scores

protein spots®
(positive rate)

Up-regulated proteins

1  Thioredoxin domain TXNDC5 Q8NBS9 47629.2/5.3 P25

containing protein 5

precursor

2 Proliferating cell nuclear PCNA  P12004  28762.4/4.7 37
antigen

3 40Sribosomalprotein SA  RPSA P08865  32702.4/4.79 46

4 Heat-shock protein (-1 HSPB1  P04792  22768.5/5.9 33

5  Inorganic PPA2  Q9H2U2 35472/5.9 69
pyrophosphatase2

6 5100 calcium-binding S100A10 P60903  11195.5/6.8 62
protein A10

7  Nucleoside diphosphate NME1  P15531  17137.7/5.8 49
kinase A

8  Proteasome activator PSME1 Q06323  38966.2/7.6 53
complex subunit 1

9  Ubiquitin thiolesterase UCHL3  P15374 26337/4.7 42
L3

10 S100 calcium-binding S100A6  P06703  11732.8/5.6 71
protein A6
Down-regulated proteins

11  Cell division cycle 2-like CDC2L5 Q14004 48212.2/8.3 37
protein kinase 5

12 BTGS3 protein BTG3 Q14201  29117.3/9.1 64

13 Neuropolypeptide h3 PEBP1  P30086 31270.6/5.7 58

14 Heat-shock protein HSPB3 Q12988 16966/5.7 39
17 kDa

15 Caspase-5 precursor CASP5  P51878 47815/9.2 48

16 Cytokeratin 20 KRT20  P35900 48487/4.9 52

17 Eukaryotic translation EIF3I Q13347 23354/4.9 44
initiation factor 3
subunit 2

18 Ribosomal protein S12 RPS12 P25398  14526.0/5.6 56

228 36.5+3.1,27+04 Controlling the oxidative protein
(100%, 44.4%) folding in endoplasmic reticulum

184 18.6+4.2,33+0.9
(94.4%, 70.5%)
104  64.3+11.1,11.5+2.8 Originally known as laminin receptor
(100%, 88.3%) precursor and p40
73.8+13.4,12.7 +3.4 A HSP27 isoform (pI5.68)
(100%, 100%)
245 241+27,36+12
(94.4%, 58.9%)
148 43.0+£57,59+27
(88.9%, 41.2%)

Cell growth and maintenance

Overexpressed in some cancer tissues

It may function as a regulator of

protein phosphorylation in the ANXA2

monomer

193  59.4+12.6,13.2+5.8 It plays a major role in the synthesis
(82.4%, 70.6%) of nucleoside triphosphates other than

ATP

138 83.8+17.4,10.5+4.7 Implicated in immuno-proteasome
(100%, 41.2%) assembly and required for efficient

antigen processing

174  62.4+11.9,13.7+7.1 Ubiquitin-protein hydrolase involved
(88.9%, 29.4%) in the processing of both ubiquitin

precursors and ubiquitinated proteins

234 21.6+53,37+1.1 Preferentially expressed when quiescent

(82.4%, 23.5%) fibroblasts are stimulated to proliferate

168 17+05,142+2.6
(17.6%, 52.9%)

265 58+23,474+6.1

May be a controller of the mitotic cell
cycle involved
Overexpression impairs serum-induced

(29.4%, 82.4%) cell cycle progression from the G0/G1
to S phase
220 29+14,58.6+11.8 Binds ATP, opioids and

(17.6%, 100%) phosphatidylethanolamine
105  16.8+4.4,89.5+14.7 Inhibitor of actin polymerization
(100%, 100%)
201 7.6+2.6,459+11.7 Mediator of apoptosis
(41.2%, 77.8%)
131 29+04,175£3.6
(29.4%, 52.9%)

It plays a significant role in maintaining

keratin filament organization

in intestinal epithelia. When

phosphorylated, it plays a role in the

secretion of mucin in the small intestine

173 89+23,463+17.2
(35.3%, 100%)

Binds to the 40S ribosome and promotes
the binding of methonyl

141 57+14,526+103
(29.4%, 70.6%)

Belongs to the ribosomal protein S12e
family

*P < 0.05 vs the normal gastric mucosa. t test was used for analyzing the difference of the intensity of candidate protein spots. PEBP1: Phosphatidylethanolamine-

binding protein 1; TXNDC5: Thioredoxin domain-containing protein 5.

57. Our results showed that some members of mitogen-
activated protein kinase (MAPK) family and some mole-
cules involved in nuclear factor (NF)-xB and tumor necro-
sis factor were hot points with higher connectivity. From
the mimical molecular network, we concluded that NF-xB,
MAPK and interferon y (IFN-y) pathways were the cores
of the whole network. The downstream-related cancer and
other phenotypes were linked to the three pathways. The
reaction of cell to IFN-y could be the initiating agent of
this molecular interaction network (Figure 4).
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DISCUSSION

Because of limited knowledge on varioliform gastritis,
the molecular events undetlying this disease were still un-
known, and the patients could be faced with more risk of
gastric cancer. It was confirmed that the mucosal lesion of
varioliform gastritis could develop into malignant tumor.
Proteomic studies can help understand the early stages in
the genesis of varioliform gastritis and has the potential
to aid in the prevention and intervention for gastric can-
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Figure 2 Western blotting analysis of phosphatidylethanolamine-binding protein 1 and thioredoxin domain-containing protein 5. A: Marked downregula-
tion of phosphatidylethanolamine-binding protein 1 (PEBP1) in varioliform gastritis (V) tissue. Protein extracts (50 pg) were separated on a 12% sodium dodecyl
sulfate-polyacrylamide gel. Proteins were transferred to a poly-vinylidene difluoride membrane. After blocking, the membranes were incubated with rabbit monoclonal
antibody of PEBP1 (dilution of 1:2000) and subsequently incubated with HRP-anti-rabbit IgG. The specific proteins were visualized with chemiluminescent reagent.
As a control for equal protein loading, blots were restained with anti-actin antibody. Immunosignals were quantified by densitometry scanning. The relative quantifica-
tion was calculated as the ratio of PEBP1 expression to actin expression as shown in the followed chart; B: Upregulation of thioredoxin domain-containing protein 5
(TXNDCS) in varioliform gastritis in comparison with that in normal (N) mucosa. The same experimental process was performed, except that the membranes were
incubated with polyclonal goat anti-TXNDC5 antibody (dilution of 1:1000).
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Figure 3 Reverse transcription polymerase chain reaction analysis of thioredoxin domain-containing protein 5 and phosphatidylethanolamine-binding
protein 1. A: Marked upregulation of thioredoxin domain-containing protein 5 (TXNDC5) in varioliform gastritis (V). The total RNAs of additional samples tissues were
extracted by homogenization in Trizol (Invitrogen), cDNA synthesis was performed in 20 L reaction system of reverse transcription including 5 ng RNA. Amplification
of TXNDC5, with 32-MG acting as internal control, was carried out in DNA thermal cycler. PCR products were separated by 1.5% agarose gel electrophoresis. The
bands were quantified by densitometry scanning. The relative quantification was calculated as the ratio of TXNDC5 expression to 32-MG expression as shown in the
followed chart; B: Downregulation of phosphatidylethanolamine-binding protein 1 (PEBP1) in varioliform gastritis in comparison with that in normal (N) mucosa. The
same experimental process was performed. The relative quantification was calculated as the ratio of PEBP1 expression to 32-MG expression as shown in the fol-
lowed chart.

cer. In this study, we used the common approach of 2-DE and lesion of varioliform gastritis and confirmed the dif-
coupled with MS to study the differentially expressed ferential expression of PEBP1 and TXNDCS5 by Western
proteins in individual-matched cases of normal mucosa blotting or RT-PCR.
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Figure 4 Compendious biological interaction networking of phosphatidylethanolamine-binding protein 1 and thioredoxin domain-containing protein 5 in vario-
liform gastritis. Phosphatidylethanolamine-binding protein 1 (PEBP1) and thioredoxin domain-containing protein 5 (TXNDC5) were imported into Pathway Studio (demo),
and an interaction map was generated. Compendious molecular interaction pathway which linked PEBP1, TXNDC5 and interaction pathways and interferon y (INFG). INFG
could induce some complex molecular interaction in cells and impact on cell proliferation and apoptosis, and then could promote the formation of varioliform lesion.

A concept in cancer biology is that tumors arise and
grow from some precancerous lesions as a result of the
multiple changes of the genes or proteins which could
influence the functions of cells via different molecular
biological pathways. So it could be very important to find
out these molecular changes and their functional path-
ways. The changes can be detected and analyzed in ge-
nomics and proteomics. A differential protein expression
profile is a snapshot of the proteomics composition of a
specific tissue at a specific time, which can be a key clue
for further studies on the undetlying mechanisms.

In this study, we identified 21 differentially expressed
proteins in varioliform gastritis. However, none of these
proteins (Table 2) had been reported in previous studies
on this disease. We used a 5-fold cut-off according to the
previous studies”™"”, and only found 21 differentially ex-
pressed proteins between varioliform gastritis and normal
mucosa in the 2-DIGE study. We believe that some major
molecular mechanisms undetlying the disease should be
implicated. There are also some methodological discrep-
ancies in the process of our proteomic study, including
the sample collection, the separation and identification of
proteins and the analysis of results. Some low-abundance
protein spots could not be displayed clearly, which should
be further analyzed by a more advanced method.
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PEBP1 expression was strong in normal mucosa, but
significantly downregulated in varioliform gastritis. An
alternative name of PEBP1 was Raf kinase inhibitory
protein (RKIP) that belongs to the PEBP family. It is an
inhibitor of the Raf/MEK/MAP kinase signaling cascade
and is a suppressor of cancer metastasis' . Some re-
searches*'” have confirmed that PEBP1 regulates activa-
tion of MAPK, NF-xB and G protein coupled receptors.
As a modulator of key signaling pathways, PEBP1 affects
various cellular processes, including cell differentiation, the
cell cycle, apoptosis and cell migration. To date, emerging
evidence"™ suggests that PEBP1 plays a crucial sup-
pressing role in tumorigenesis and metastasis of prostate
cancer, ovarian cancet, cervical cancer, colorectal cancer,
liver cancer and breast cancer. It represents a novel effector
of signal transduction pathways leading to apoptosis and a
prognostic marker of the pathogenesis of human cancer
cells and tumors. Chatterjee ¢ al” have examined the ex-
pression patterns of PEBP1 and STAT3 in samples from
143 patients with gastric adenocatcinoma using tissue mi-
croarrays. Their results indicate the predictive and protec-
tive role of PEBP1 expression in gastric adenocarcinoma
of the intestinal subtype. Downregulated expressions of
PEBP1 could decrease patients’ survival. Collectively, these
studies suggest that the PEBP1 or RKIP gene, as a poten-
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tial tumor suppressor gene, is involved in gastric cancer
initiation and progression, and expression of PEBP1 could
be downregulated at initiation of tumorigenesis. Our re-
sults confirmed that PEBP1 expression was downregulated
in varioliform gastritis compared with that of normal mu-
cosa. We, therefore, postulate that this downregulation of
PEBP1 might denote a step of the potential canceration.

TXNDCS5 was significantly upregulated in varioliform
gastritis although its expression remained in normal muco-
sa. TXNDCS5 was first detected by 2-DE analysis of the lu-
minal envitonment of the endoplasmic reticula of hepatic
tissues in 2003, As a novel PDI-like protein, TXNDC5
was highly expressed in endothelial cells. This tissue-
specific expression is unusual among members of the PDI
family. Sullivan e al’ have confirmed that TXNDC5 could
protect endothelial cells from stress-induced apoptosis.
In contrast to PDI, which is essential for the survival of
endothelial cells in the resting as well as the stressed state,
TXNDCS5 protects endothelial cells only under conditions
of stress. They have found that loss of TXNDCS5 results in
reduced secretion of adrenomedullin and endothelin-1 to-
gether with a reduction in membrane-bound CD105, while
TXNDCS is essential for folding of CD105. The results
of Edman’s and Freedman’s researches”™” suggested that
TXNDCS5 could play important roles in antioxidative injury,
antianoxia-induced apoptosis, and promotion of prolifera-
tion in cells. Some recent studies showed that upregulation
of TXNDC5 was found in tumors of the cervix, uterus,
stomach and lung[24]. Nissom e# a/”” found that a variant of
the TXNDC5 gene was upregulated in poorly differentiat-
ed hepatocellular carcinoma (HCC) but unchanged in well-
differentiated HCC. According to these reports, we think
that TXNDC5 gene could be a tumor-enhancing gene, but
the detailed biological roles of TXNDCS5 in varioliform
gastritis and gastric cancer remain to be elucidated. The
upregulation of TXNDCS in vatioliform gastritis suggests
that this disease could be related to gastric cancer, with
higher risk than what was thought before.

The NF-xB and MAPK signaling pathways regulate
growth in many tumors or inflaimmation, suggesting the
cooperative role of these two pathways in the regulation of
cell proliferation and apoptosis. H. pylori is known to be the
cause of most gastric diseases, including both peptic ulcer
disease and gastric cancer. Fox ez al” think that the induc-
tion by H. pylori of cytokines and chemokines and growth-
related genes is mediated by the MAPK and NF-kB
signaling pathways, and Shibata e a” and Lee ef a™ have
confirmed this conclusion. Kacar ¢ o/’ and Chen et @/
found that MAPK signaling pathway could be a causative
factor in the alterations of the gastric mucosa infected by
H. pylori and MAPK activation seems to be a significant
and persistent event in the H. pylori-induced neoplastic
transformation. IFN-y acts through distinct cell surface
receptors and induces transcription of an ovetlapping sets
of genes. MHC class [ genes are inducible by this inter-
feron. IFN-y is the gastric mucosal immunological reaction
produced by T helper cells when gastric mucosa is infected
by H. py/orzp}SSJ. It could induce the changes of TXNDC5
or PEBP1 and impact on the NF-kB and MAPK signal-
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ing pathways in our molecular interaction network of
varioliform gastritis. We supposed that varioliform gastritis
should be the results of a series of molecular interactions
induced by IFN-y or other molecules as an immunological
reaction against microorganism infection according to pre-
vious reports and our research. But most of the previous
studies focused on H. pylori, and the researches on other
pathogens were very limited. So there could be some other
bacteria or viruses which could induce an analogous im-
munological reaction against H. pylori in the gastric mucosa
of varioliform gastritis patients without H. py/ori infection.

In summary, our study showed a differential protein ex-
pression profile of varioliform gastritis compared with that
of matched normal mucosa. The candidate proteins may
confirm the previous conclusion that varioliform gastritis is
one of the major precursor diseases of gastric cancer. The
risk of potential canceration could be higher than what was
thought previously, so effective treatment strategies should
be studied and adopted for this disease in the future.
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Background

Varioliform gastritis is a chronic gastritis with a potential of developing into gastric
cancer. To date, the etiopathogeny of the disease is unclear. So it is crucial to
elucidate the molecular mechanism underlying the disease for preventing gastric
cancer.

Research frontiers

At present, the researches on varioliform gastritis focused mostly on endo-
scopic diagnosis and treatment or clinical feature. The reports on the molecular
mechanism of the disease are very limited. As a new field of clinical proteomics
is emerging, many new techniques have been developed to identify functional
molecules or biomarkers of cancer and other diseases.

Innovations and breakthroughs

In this research, a differential protein expression profile of varioliform gastritis was
indicated compared with that of matched normal mucosa. The important differential
proteins and potential signal pathways have been provided for the future studies.

Applications

The results of this study provided some valuable clues for elucidating the molecu-
lar mechanism of varioliform gastritis and the relationship between the disease
and gastric cancer. Some potential biomarkers were indicated for the early diag-
nosis of gastric cancer and therapeutic targets for this tumor.

Terminology

Varioliform gastritis: a special kind of chronic gastritis characterized by nodules,
thickened fugal folds and erosions. Although it is a very common gastritis, its fea-
tures appear to be unusual and different from those seen in chronic gastritis.
Peer review

The authors used proteomic techniques to identify differences in protein expres-
sion patterns in normal gastric mucosa vs mucosa characterized by varioliform
gastritis. The study is well designed, represents a large amount of work, and will
potentially be very helpful to further studies in the field of cancer research and
treatment.

REFERENCES

1 Parkin DM, Pisani P, Ferlay J. Global cancer statistics. CA
Cancer ] Clin 1999; 49: 33-64, 1

August 7,2010 | Volume 16 | Issue 29 |



10

11

12

13

14

15

16

17

18

19

Munoz Monteavaro C, Mendoza D, Palma E. [Varioliform
gastritis with "in situ" carcinomatous transformation.] An Fac
Med Univ Repub Montev Urug 1960; 45: 72-77

Cappell MS, Green PH, Marboe C. Neoplasia in chronic ero-
sive (varioliform) gastritis. Dig Dis Sci 1988; 33: 1035-1039
Gallina F, Benedetti-Valentini F. [Varioliform gastritis associ-
ated with gastric ulcer simulating a neoplasm.] Riv Gastroen-
terol 1963; 15: 85-94

Vandenborre KM, Ghillebert GL, Rutgeerts L], Geboes KR,
Rutgeerts PJ, Verbanck JJ, Tanghe WR. Hypertrophic lym-
phocytic gastritis with a gastric carcinoma. Eur | Gastroenterol
Hepatol 1998; 10: 797-801

Mosnier JF, Flejou JF, Amouyal G, Gayet B, Molas G, Henin
D, Potet F. Hypertrophic gastropathy with gastric adenocar-
cinoma: Menetrier's disease and lymphocytic gastritis? Gut
1991; 32: 1565-1567

Waulfkuhle JD, Liotta LA, Petricoin EF. Proteomic applications
for the early detection of cancer. Nat Rev Cancer 2003; 3: 267-275
Xing X, Lai M, Gartner W, Xu E, Huang Q, Li H, Chen G.
Identification of differentially expressed proteins in colorectal
cancer by proteomics: down-regulation of secretagogin. Pro-
teomics 2006; 6: 2916-2923

Stulik J, Hernychova L, Porkertovéd S, Knizek J, Macela A,
Bures J, Jandik P, Langridge JI, Jungblut PR. Proteome study
of colorectal carcinogenesis. Electrophoresis 2001; 22: 3019-3025
Roblick UJ, Hirschberg D, Habermann JK, Palmberg C,
Becker S, Kriiger S, Gustafsson M, Bruch HP, Franzén B, Ried
T, Bergmann T, Auer G, Jornvall H. Sequential proteome al-
terations during genesis and progression of colon cancer. Cell
Mol Life Sci 2004; 61: 1246-1255

Dangi-Garimella S, Yun J, Eves EM, Newman M, Erkeland
SJ, Hammond SM, Minn A]J, Rosner MR. Raf kinase inhibi-
tory protein suppresses a metastasis signalling cascade in-
volving LIN28 and let-7. EMBO ] 2009; 28: 347-358

Odabaei G, Chatterjee D, Jazirehi AR, Goodglick L, Yeung
K, Bonavida B. Raf-1 kinase inhibitor protein: structure, func-
tion, regulation of cell signaling, and pivotal role in apopto-
sis. Adv Cancer Res 2004; 91: 169-200

Zeng L, Imamoto A, Rosner MR. Raf kinase inhibitory pro-
tein (RKIP): a physiological regulator and future therapeutic
target. Expert Opin Ther Targets 2008; 12: 1275-1287

Woods Ignatoski KM, Grewal NK, Markwart SM, Vellai-
chamy A, Chinnaiyan AM, Yeung K, Ray ME, Keller ET. Loss
of Raf kinase inhibitory protein induces radioresistance in
prostate cancer. Int | Radiat Oncol Biol Phys 2008; 72: 153-160
Li HZ, Wang Y, Gao Y, Shao ], Zhao XL, Deng WM, Liu YX,
Yang ], Yao Z. Effects of raf kinase inhibitor protein expres-
sion on metastasis and progression of human epithelial ovar-
ian cancer. Mol Cancer Res 2008; 6: 917-928

Biewenga P, Buist MR, Moerland PD, Ver Loren van Themaat
E, van Kampen AH, ten Kate FJ, Baas F. Gene expression in
early stage cervical cancer. Gynecol Oncol 2008; 108: 520-526
Minoo P, Zlobec I, Baker K, Tornillo L, Terracciano L, Jass JR,
Lugli A. Loss of raf-1 kinase inhibitor protein expression is
associated with tumor progression and metastasis in colorec-
tal cancer. Am | Clin Pathol 2007; 127: 820-827

Al-Mulla F, Hagan S, Behbehani Al, Bitar MS, George SS,
Going JJ, Garcia J], Scott L, Fyfe N, Murray GI, Kolch W. Raf
kinase inhibitor protein expression in a survival analysis of
colorectal cancer patients. ] Clin Oncol 2006; 24: 5672-5679

Lee HC, Tian B, Sedivy JM, Wands JR, Kim M. Loss of Raf
kinase inhibitor protein promotes cell proliferation and mi-
gration of human hepatoma cells. Gastroenterology 2006; 131:

144

TR
Reishideng”

WJG | www.wjgnet.com

3673

Zhang L et a/. Proteomic analysis in varioliform gastritis

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

1208-1217

Schuierer MM, Bataille F, Weiss TS, Hellerbrand C, Bosser-
hoff AK. Raf kinase inhibitor protein is downregulated in
hepatocellular carcinoma. Oncol Rep 2006; 16: 451-456

Hagan S, Al-Mulla F, Mallon E, Oien K, Ferrier R, Gusterson
B, Garcia JJ, Kolch W. Reduction of Raf-1 kinase inhibitor
protein expression correlates with breast cancer metastasis.
Clin Cancer Res 2005; 11: 7392-7397

Chatterjee D, Sabo E, Tavares R, Resnick MB. Inverse associ-
ation between Raf Kinase Inhibitory Protein and signal trans-
ducers and activators of transcription 3 expression in gastric
adenocarcinoma patients: implications for clinical outcome.
Clin Cancer Res 2008; 14: 2994-3001

Clissold PM, Bicknell R. The thioredoxin-like fold: hidden
domains in protein disulfide isomerases and other chaperone
proteins. Bioessays 2003; 25: 603-611

Sullivan DC, Huminiecki L, Moore JW, Boyle JJ, Poulsom R,
Creamer D, Barker J, Bicknell R. EndoPD], a novel protein-di-
sulfide isomerase-like protein that is preferentially expressed
in endothelial cells acts as a stress survival factor. | Biol Chem
2003; 278: 47079-47088

Edman JC, Ellis L, Blacher RW, Roth RA, Rutter WJ. Se-
quence of protein disulphide isomerase and implications of
its relationship to thioredoxin. Nature 1985; 317: 267-270
Freedman RB, Hirst TR, Tuite MF. Protein disulphide isom-
erase: building bridges in protein folding. Trends Biochem Sci
1994; 19: 331-336

Nissom PM, Lo SL, Lo JC, Ong PF, Lim JW, Ou K, Liang RC,
Seow TK, Chung MC. Hec-2, a novel mammalian ER thiore-
doxin that is differentially expressed in hepatocellular carci-
noma. FEBS Lett 2006; 580: 2216-2226

Fox JG, Wang TC. Helicobacter pylori infection: pathogen-
esis. Curr Opin Gastroenterol 2002; 18: 15-25

Shibata W, Hirata Y, Ogura K, Omata M, Maeda S. [NF-kap-
paB and MAPK-signaling pathways contribute to the gene
expression and host response induced by Helicobacter pylori
infection] Nippon Rinsho 2005; 63 Suppl 11: 132-137

Lee JS, Kim HS, Hahm KB, Sohn MW, Yoo M, Johnson JA,
Surh Y]J. Inhibitory effects of 7-carboxymethyloxy-3'4',5-
trimethoxyflavone (DA-6034) on Helicobacter pylori-induced
NF-kappa B activation and iNOS expression in AGS cells.
Ann N'Y Acad Sci 2007; 1095: 527-535

Kacar F, Meteoglu I, Yasa H, Levi E. Helicobacter pylori-
induced changes in the gastric mucosa are associated with
mitogen-activated protein kinase (MAPK) activation. Appl Im-
munohistochem Mol Morphol 2007; 15: 224-228

Chen YC, Wang Y, Li JY, Xu WR, Zhang YL. H pylori stimu-
lates proliferation of gastric cancer cells through activating
mitogen-activated protein kinase cascade. World ] Gastroenterol
2006; 12: 5972-5977

Cam S, Ertem D, Bahceciler N, Akkoc T, Barlan I, Pehlivano-
glu E. The interaction between Helicobacter pylori and atopy:
does inverse association really exist? Helicobacter 2009; 14: 1-8
Shimada M, Ando T, Peek RM, Watanabe O, Ishiguro K,
Maeda O, Ishikawa D, Hasegawa M, Ina K, Ohmiya N, Niwa
Y, Goto H. Helicobacter pylori infection upregulates interleu-
kin-18 production from gastric epithelial cells. Eur | Gastroen-
terol Hepatol 2008; 20: 1144-1150

Vivas JR, Regnault B, Michel V, Bussiére FI, Avé P, Huerre M,
Labigne A, D' Elios MM, Touati E. Interferon gamma-signa-
ture transcript profiling and IL-23 upregulation in response
to Helicobacter pylori infection. Int | Immunopathol Pharmacol
2008; 21: 515-526

S- Editor TianL L- Editor Ma]Y E- Editor Zheng XM

August 7,2010 | Volume 16 | Issue 29 |



W J

World Journal of
Gastroenterology

Online Submissions: http:/ /www.wjgnet.com/1007-9327office

wjg@wijgnet.com
doi:10.3748 / wijg.v16.i29.3674

World | Gastroenterol 2010 August 7; 16(29): 3674-3679
ISSN 1007-9327 (print)
© 2010 Baishideng. All rights reserved.

ORIGINAL ARTICLE

Magnetically labeled mesenchymal stem cells after
autologous transplantation into acutely injured liver

Xiao-Lei Shi, Jin-Yang Gu, Bing Han, Hai-Yun Xu, Liang Fang, Yi-Tao Ding

Xiao-Lei Shi, Jin-Yang Gu, Hai-Yun Xu, Liang Fang, Yi-Tao
Ding, Jiangsu Province’s Key Medical Center for Hepatobiliary
Disease, Nanjing 210008, Jiangsu Province, China

Xiao-Lei Shi, Bing Han, Yi-Tao Ding, Department of Hepatobili-
ary Surgery, the Affiliated DrumTower Hospital of Nanjing Uni-
versity Medical School, Nanjing 210008, Jiangsu Province, China
Jin-Yang Gu, Hai-Yun Xu, Department of Hepatobiliary Sur-
gery, DrumTower Clinical Medical College of Nanjing Medical
University, Nanjing 210008, Jiangsu Province, China

Author contributions: Shi XL designed the research; Gu JY,
Han B, Xu HY and Fang L performed the research; Ding YT con-
tributed new reagents/analytic tools; Shi XL, Gu JY and Ding YT
analyzed the data and wrote the paper.

Supported by (partly) the Natural Science Foundation of Ji-
angsu Province, No. BK2007537; key program of Nanjing Mu-
nicipal Bureau of Public Health, No. ZKX06015
Correspondence to: Yi-Tao Ding, Professor, Department of
Hepatobiliary Surgery, the Affiliated DrumTower Hospital of Nan-
jing University Medical School, No. 321 Zhongshan Road, Nan-
jing 210008, Jiangsu Province, China. yitaoding@hotmail.com
Telephone: +86-25-83304616 Fax: +86-25-83317016
Received: February 5,2010 Revised: April 1,2010
Accepted: April 8, 2010

Published online: August 7, 2010

Abstract

AIM: To evaluate tracking of magnetically labeled
mesenchymal stem cells (MSCs) after intraportal trans-
plantation.

METHODS: Mononuclear cells were isolated from bone
marrow aspirates of pigs by density gradient centrifu-
gation, cultured and expanded, after which, they were
incubated with super paramagnetic iron oxide (SPIO).
Prussian blue staining was performed to highlight in-
tracellular iron. To establish swine models of acute liver
injury, 0.5 g/kg D-galactosamine was administrated to
10 pigs, six of which were injected via their portal veins
with SPIO-labeled MSCs, while the remaining four were
injected with unlabeled cells. Magnetic resonance imag-
ing (MRI) was performed with a clinical 1.5T MR scan-
ner immediately before transplantation and 6 h, 3 d,
7 d and 14 d after transplantation. Prussian blue stain-
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ing was again performed with the tissue slices at the
endpoint.

RESULTS: Prussian blue staining of SPIO-labeled MSCs
had a labeling efficiency of almost 100%. Signal inten-
sity loss in the liver by SPIO labeling on the FFE (T2*WTI)
sequence persisted until 14 d after transplantation.
Histological analysis by Prussian blue staining confirmed
homing of labeled MSCs in the liver after 14 d; primarily
distributed in hepatic sinusoids and liver parenchyma.

CONCLUSION: MSCs were successfully labeled with
SPIO /n vitro. MRI can monitor magnetically labeled
MSCs transplanted into the liver.

© 2010 Baishideng. All rights reserved.

Key words: Magnetic resonance imaging; Mesenchymal
stem cells; Super paramagnetic iron oxide; Stem cell
transplantation
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INTRODUCTION

In recent years, cell transplantation has had the advantages
of lower cost, lower risk, and simpler manipulation of the
procedure compared with orthotopic liver transplantation.
A large body of evidence has suggested that mesenchymal
stem cells (MSCs) could differentiate into liver-like cells
with partial hepatic functions under appropriate environ-
mental conditions i vive and in vitrd'™. Given that autolo-
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gous cell transplantation helps prevent immunological
rejection, which is always a problem for orthotopic liver
transplantation, MSCs can be regarded as seeding cells for
transplantation in relation to liver diseases.

The major issue in liver cell transplantation is moni-
toring migration, distribution, and differentiation of the
transplanted cells. Conventional tissue slicing is unable
to distinguish between transplanted donor cells and the
recipient cells, therefore, the tissue or organ has to be
removed at certain time points and processed with spe-
cial biochemical procedures to visualize the tagged cells.
However, these tagging methods require i vitro prepara-
tion and examination of histological materials, which are
unsuitable for noninvasive and repeated monitoring of
in vivo transplanted cells under clinical conditions. There-
fore, more recent research has focused on 7z vivo real-
time tracking and detecting the fate of transplanted cells
by using appropriate imaging technologies'”.

The present study had two purposes. First, we in-
cubated swine autologous MSCs with super paramag-
netic iron oxide (SPIO) 7 vitro, followed by stem cell
transplantation performed viz the portal vein in acutely
injured liver models. Second, we investigated the charac-
teristics of magnetically labeled swine MSCs by magnetic
resonance imaging (MRI), as well as intrahepatic dynam-
ic distribution.

MATERIALS AND METHODS

Animal care

Ten outbred white swine of either sex weighing 15-20 kg
each were maintained under conventional conditions in
the Laboratory Animal Center of the Affiliated Drum
Tower Hospital of Nanjing University Medical School.
All animal procedures were approved by the Animal Care
Ethics Committee of Nanjing Drum Tower Hospital.

MSC isolation, culture and characterization

Porcine MSCs were isolated by bone marrow aspirates
from the iliac crests of the animals as previously described,
with slight modification'”. Mononuclear cells were col-
lected by gradient centrifugation over a Ficoll histopaque
layer (20 min, 400 g, density 1.077 g/mL) (TBD, China)
and seeded at a density of 1 X 10° cells/ cm’ in growth
medium that contained low-glucose Dulbecco’s modified
Eagle’s medium (DMEM-LG; GIBCO, USA) supplement-
ed with 10% fetal bovine serum (FBS; GIBCO, USA),
penicillin (100 TU/mL) and streptomycin (100 pg/mL).
The non-adherent cells were removed after the first 24 h
and changed every 3-4 d thereafter. When the cells
reached 80% confluence, they were detached using 0.25%
Trypsin-EDTA (GIBCO, USA) and re-plated at a den-
sity of 1 X 10" cells/ cm” for expansion. Surface marker
identification of the cultured MSCs was performed with
a FACScan (Becton Dickinson, Franklin Lakes, NJ, USA)
by fluorescein isothiocyanate (FITC)-labeled monoclonal
antibody staining to CD45 (Antigenix America, Hunting-
ton Station, NY, USA) and phycoerythrin (PE)-conjugated
antibodies against CD29 (VMRD, Pullman, WA, USA),
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CD44 and CD90 (Becton Dickinson). Isotypic antibodies
served as the control.

MSCs were labeled with Feridex (Advanced Magnet-
ics, Cambridge, MA, USA), as previously described"”.
Briefly, the polyamine poly-l-lysine (PLL) hydrobromide
(Sigma, St Louis, MO, USA) was used as the transfection
agent. A stock solution of PLL (1.5 mg/ml.) was added
to DMEM at a dilution of 1:1000 and mixed with Feridex
(50 pg/mlL) for 60 min at room temperatute on a rotating
shaker. MSCs of passage 5 were added to the culture me-
dium that contained the Feridex-PLL complex, so that the
final concentrations of Feridex and PLL were 25 pg/mL
and 0.75 pg/mL, respectively. The cells were placed into
six-well plates (Corning, NY, USA) overnight at 37°C in a
95% air/5% COz atmosphere.

Prussian blue staining

After being incubated overnight with the Feridex-PLL
complex, the MSCs were washed three times to remove
excessive contrast agent. For Prussian blue staining,
which indicates the presence of iron, the coverslip sam-
ples were fixed with 4% paraformaldehyde for 30 min,
washed, incubated for another 30 min with 2% potassi-
um ferrocyanide in 6% hydrochloric acid, washed again,
and counterstained with nuclear fast red.

Cell viability assay

Firstly, MSCs were inoculated in 96-well plates at 1 X 10*
cells per well at 37°C in a 95% air/5% CO2 atmosphete.
Twenty-four hours later, final concentrations of Feridex
in the Feridex-PLL complex (25, 50, 100 and 200 ug/mL)
were added to each well with 11 other duplicates and in-
cubated overnight. The remaining cells, which were not
labeled with the complex and served as control cells, were
kept under identical conditions. The magnetically labeled
and non-labeled cells were then maintained in fresh cul-
ture medium for 2 d and washed twice. Ten microliters
of cholecystokinin octapeptide (CCK-8; Dojindo Labo-
ratories, Kumamoto, Japan) was added per well for 4 h.
The absorbance was then measured at a wavelength of
450 nm.

Swine model of acute liver injury

Under general anesthesia with mechanical ventilation
via an endotracheal tube, animals were administered a
dose of 0.5 g/kg of D-galactosamine (D-Gal; Sigma)
dissolved in 5% glucose solution, vz the external jugular
vein. Venous blood samples were drawn 6, 12 and 24 h
after the operation for biochemical analysis.

Intraportal transplantation of MSCs

Animals were randomly assigned to either control (» = 4)
or experimental (liver injured) groups (# = 6). The abdo-
mens of the liver-injured animals were opened to expose
the portal vein, and approximately 1 X 10 labeled MSCs
suspended in 2 mI. DMEM were slowly injected into the
portal vein. A 30-gauge needle was used for the proce-
dure. The pinhole at the injection site was pressed for he-
mostasis. Thereafter, the laparotomy incision was enclosed
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Figure 1 Characterization of labeled mesenchymal stem cells. A: Aimost 100% of labeled mesenchymal stem cells (MSCs) were positive for Prussian blue
staining (magnification 100 x); B: No blue particles were observed in unlabeled group (magnification 100 x); C-E: Prussian blue staining for liver tissue slicing
displayed several blue-positive cells scattering in and around sinusoids on day 3 and 7, and the experimental group at the endpoint of the experiment (magnification

100 x). Arrows indicate Prussian blue positive MSCs.

in layers. The control group underwent the identical pro-
cedure except that the injected cells were unlabeled.

MRI and data acquisition

Animals underwent MRI of the liver immediately be-
fore, and 3, 7 and 14 d after injection of cells. MRI was
performed with a 1.5-T imaging device (Philips Medi-
cal Systems, Eindhoven, the Netherlands). The pig was
anesthetized and placed supine on a plastic flat plate. The
scanning sequence was as follows: (1) SE: TIWI, TR 120 s,
TE 14 ms; (2) FSE: T2WI, TR 3000 ms, TE 96 ms; and (3)
FFE: T2*WI, TR 485 ms, TE 14.0 ms, flip angle, 18°.

Histological assessment

Two weeks after cell transplantation, animals were sac-
rificed for histological examination. Liver tissues taken
from both the control and experimental groups were
tixed with 4% paraformaldehyde, embedded in paraffin,
cut into 5-mm sections and stained with hematoxylin and
eosin (HE) as well as Prussian blue for examination under
a light microscope.

Statistical analysis
Data were shown as mean * SE. The two-tailed un-
paired Student’s 7 test was used to evaluate the statistical

significance of differences which was set with a P value
less than 0.05.

RESULTS

MSC phenotype
Twenty-four hours after first seeding, MSCs could be
seen in newly formed colonies. Observed under the mi-
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croscope, the MSCs rapidly grew fibroblast-like cells with
a single nucleus. After the first passage, they looked like
spindles or asters with a slim body. At passage 5, however,
most of the miscellaneous cells were eliminated, and the
remaining uniform fibroblast-like cells were MSCs. The
expression of different cell surface markers, including
CD29, CD44, CD45 and CD90, of MSCs from passage
5 was determined by flow cytometry; the results of which
showed that > 90% of MSCs of passage 5 were positive
for CD29, CD44 and CD90, but negative for CD45 (data

not shown).

Characterization of labeled MSCs

MSCs stained with Prussian blue showed results (blue
particles) in all labeled cells. The labeling rate was ap-
proximately 100%, which was calculated under a light
microscope via counting the numbers of positive cells in
five random fields (Figure 1A). In contrast, no blue par-
ticles were observed in the unlabeled group (Figure 1B).

Proliferation of labeled MSCs

The growth curve of CCK-8 with Feridex-PLL labeled
MSCs showed that the cellular proliferation of the 25 and
50 pg/mL subgroups were not significanty influenced by
different concentration (P > 0.05). Figure 2 shows that
MSCs labeled with higher concentrations of complex
were somewhat inhibited in proliferation, which indicated
that < 50 ug/mL Feridex-PLL would be suitable for MSC
labeling in future transplantation.

Establishment of acute liver injury model

Acute liver injury was effectively induced in all animals.
Serum alanine aminotransferase (ALT), aspartate amino-
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Figure 2 Growth curve of CCK-8 with Feridex-poly-I-lysine-labeled mesen-
chymal stem cells. Cellular proliferation of 25 and 50 pug/mL subgroups were
not significantly influenced (P > 0.05). Mesenchymal stem cells (MSCs) labeled
with higher concentrations of complex were somewnhat inhibited, which indicated
that < 50 pg/mL Feridex-poly-I-lysine would be suitable for MSC labeling.

transferase (AST) and bilirubin levels were all significant-
ly and progressively elevated 6 h after D-Gal induction
(Table 1, P < 0.05). The porcine model clinically pre-
sented listlessness, loss of appetite and xanthochromia.
Liver tissue samples from the injured model group after
24 h injection of D-Gal demonstrated severe hepatic ne-
crosis in 60%-70% of the lobule, sinusoidal congestion,
vacuolization, trabecular fragmentation, and granulocytic
infiltration (Figure 3). Twenty-four hours after adminis-
tration of D-Gal, the animals were ready for transplanta-
tion (Table 1).

MR tracking of magnetically labeled MSCs

Signal intensity dectreased 6 h after intrahepatic transplan-
tation of labeled MSCs on the FFE sequence, but gradu-
ally approached close to normal on day 14 (Figure 4). For
the control group, there was no visible difference at each
time point after transplantation compared with before.

Histological demonstrations

The Prussian blue staining demonstrated several blue-
positive cells scattered in and around the sinusoids in the
experimental group on day 3 and 7 and the endpoint of
experiment (Figure 1C-E), which indicated the presence
of the magnetically labeled MSCs transplanted into the
liver.

DISCUSSION

Bone marrow-derived MSCs are multipotent adult stem
cells of mesodermal origin with the potential for self re-
newal. Because MSCs have the ability to differentiate into
cells of multiple organs/systems such as hepatocytes, os-
teoblasts, chondrocytes, adipocytes and myocytes under
appropriate stimuli’**” they have generated considerable
interest for their potential use in regenerative medicine
and tissue engineering, Given the ease of their isolation,
extensive expansion rate and differentiation potential, as
well as their immunosuppressive properties, MSCs may
be suitable candidates for seed cells for hepatocyte trans-

(49

Jgn?s:iipng"" WIJG | www.wjgnet.com

Shi XL et a/. Magnetically labeled mesenchymal stem cells

Figure 3 Histology of acutely injured liver tissue. Liver tissue samples from
the injured model group after 24 h injection of D-galactosamine demonstrated
severe hepatic necrosis of 60%-70% of the lobule, sinusoidal congestion,
vacuolization, trabecular fragmentation, and granulocytic infiltration of the portal
space and septa (magnification 100 ).

Table 1 Biochemical parameters before and after the injection
of D-galactosamine

Pre-injection 6 h after injection 24 h after injection

ALT (U/L) 31.2+26 87.5+13.2 181.9+12.8
AST (U/L) 289+38 134.0+738 564.8 +89.7
TBIL (umol/L)  3.2+045 267432 430+29

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; TBIL:
Total bilirubin.

plantation, in addition to being potential carrier cells for
gene therapy'"”, which holds a promising future in the
treatment of acute or chronic liver failure and metabolic
liver diseases. Despite their important potential, however,
the detailed processes involved in MSC implantation,
migration, and differentiation in the liver remain to be
elucidated.

Previous tissue slicing experiments have been unable
to monitor the dynamic changes of transplanted cells
in the living body. Accordingly, a noninvasive and living
labeling technique is needed with respect to MSC intra-
hepatic transplantation. With the advent of molecular
imaging technologies, 7z vivo real-time tracking and de-
tecting the fate of transplanted stem cells may become a
reality™ "%, Cells for transplantation have been labeled
with MR contrast agents since the beginning of the
1990s. In this regard, MRI appears most promising for
dynamically monitoring iz vive cell migration after trans-
plantation, due to its well known properties of relative
long-term imaging, high spatial resolution, and sharp
contrast'”, Currently, SPTIO MRI contrast agents have
been most widely used for tracking transplanted cells in
various organs because of their strong signal attenua-
tion properriesm"ls]. In particular, dextran-coated SPIO
nanoparticles have been approved by the US Food and
Drug Administration for use in hepatic reticuloendo-
thelial cell imaging, and ultrasmall SPIOs are in phase
I clinical trials for use as blood pool agents or for use
with lymphographymm]. However, such contrast agents
cannot be used to label efficiently stem cells iz vitro in
their native unmodified form"”. By conjugating antigen-
specific internalizing monoclonal antibodies to the sut-
face dextran coating, cells can be magnetically labeled
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Figure 4 Magnetic resonance imaging of Feridex-poly-I-lysine labeled mesenchymal stem cells in the liver. A: No loss of signal in the liver before transplanta-
tion; B: Significant signal intensity loss was observed in labeled mesenchymal stem cells on FFE sequences 6 h after transplantation; C, D: Attenuation of signal loss
appeared over time; E: T2*-weighted images gradually approached to the normal level at the endpoint of the study.

during their normal expansion in culture medium. In
the present study, we used PLL as a transfection agent
to magnetically label MSCs iz vitro by the establishment
of a Feridex-PLL complex through electrostatic interac-
tions. This encourages cellular membrane endocytosis
and transportation of Feridex into endosomes without
requiring novel synthesis or covalent binding of proteins
or antibodies to the dextran coating, Our results indicat-
ed that the labeling efficiency in our study approximated
to 100% as expected. Subsequent analysis of the inhibi-
tory effects of different concentrations of Feridex-PLL
complex on MSCs revealed < 50 pg/ml Feridex was a
relatively safe and effective dose for MSC labeling, which
was suitable for transplantation study.

So far, most studies concerning MRI of grafted
stem cells have been applied to animal brains, spines and
hearts!”*, MRI techniques offer the possibility of track-
ing labeled cells 7 vivo noninvasively and repeatedly during
extended study periods. The potential of MRI for future
clinical interventions within the realm of regenerative cell
therapy has been elegantly demonstrated in previous stud-
ies, and MRI fluoroscopy has been used to guide the deliv-
ery of MR-labeled adult stem cells into damaged organs.
In our study, migration and retention of porcine MSCs af-
ter intraportal transplantation were demonstrated by using
in vivo MRI. Significant signal intensity loss was observed
in labeled MSCs on FFE sequences 6 h after transplanta-
tion. Thereafter, it gradually approached normal levels on
day 14. The loss of signal could be attributed to either
biodegradation of the contrast agent, the process of cel-
lular division, or cellular migration to neighboring organs.
To confirm the long-term results, Prussian blue staining
was performed to demonstrate positive cells in liver tissue
slices at the endpoint of the experiment. Furthermore, the
dispersed disttibution of labeled MSCs confirmed that the
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acute injured liver model may offer an ideal microenviron-
ment for cell recruitment and implantation.

In summary, the present study incubated porcine MSCs
with Feridex-PLL complex 7 vitro, and in vivo real-time
tracking and detecting of magnetically labeled MSCs
were manipulated by MRI in models of acute liver injury.
Future research will focus on the optimized numbers
of transplanted MSCs, distribution beyond injured liver,
as well as safety and therapeutic effects concerning liver
regeneration after MSC intraportal transplantation. In ad-
dition, our newly established co-culture system for hepa-
tocytes and MSCs for cell transplantation and bioartificial
liver devices should also be monitored™”.
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COMMENTS

Background

In recent years, cell transplantation has had the advantages of lower cost, lower
risk, and simpler manipulation of the procedure compared with orthotopic liver
transplantation. Autologous cell transplantation helps prevent immunological
rejection, which is always a problem for orthotopic liver transplantation. Moreover,
a large body of evidence has suggested that mesenchymal stem cells (MSCs)
differentiate into liver-like cells with partial hepatic functions under appropriate
environmental conditions in vivo and in vitro. Therefore, MSCs could be regarded
as seeding cells for transplantation in relation to liver diseases.

Research frontiers

One of the major issues in liver cell transplantation is monitoring migration,
distribution, and differentiation of the transplanted cells. Present tagging
methods require in vitro preparation and examination of histological materials,
which are unsuitable for noninvasive and repeated monitoring of in vivo
transplanted cells under clinical conditions. Therefore, more recent research
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has focused on in vivo real-time tracking and detecting the fate of transplanted
cells by using appropriate imaging technologies.

Innovations and breakthroughs

The authors sought to label MSCs in vitro with super paramagnetic iron oxide (SPIO)
and to monitor the labeled cells with magnetic resonance imaging (MRI). Through
this research, they found a new invasive and repeatable monitoring method.

Applications

This method of labeling and monitoring cells could be applied to research in cell
transplantation. In future, it could be considered as an invasive and repeatable
monitoring method for clinical cell transplantation.

Terminology

SPIO is an MRI contrast agent that shows a high signal during imaging.

Peer review

In this study, authors successfully showed the use of swine mesenchymal stem
cells in an acute liver injury model. The study should be considered as a brief
report as it is a nice piece of information.
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Abstract

AIM: To investigate the interstitial cells of Cajal (ICC)
number using a hew rat model.

METHODS: Sprague-Dawley rats were assigned to
two groups. The first group received gavage with Cam-
pylobacter jejuni (C. jejuni) 81-176. The second group
was gavaged with placebo. Three months after clear-
ance of Campylobacter from the stool, precise seg-
ments of duodenum, jejunum, and ileum were ligated
in self-contained loops of bowel that were preserved in
anaerobic bags. Deep muscular plexus ICC (DMP-ICC)
were quantified by two blinded readers assessing the
tissue in a random, coded order. The number of ICC
per villus was compared among controls, Campy/o-
bacter recovered rats without small intestinal bacterial
overgrowth (SIBO), and Campylobacter recovered rats
with SIBO.
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RESULTS: Three months after recovery, 27% of rats
gavaged with C. jejuni had SIBO. The rats with SIBO
had a lower number of DMP-ICC than controls in the
jejunum and ileum. Additionally there appeared to be
a density threshold of 0.12 DMP-ICC/villus that was
associated with SIBO. If ileal density of DMP-ICC was
< 0.12 ICC/villus, 54% of rats had SIBO compared to
9% among ileal sections with > 0.12 (P < 0.05). If the
density of ICC was < 0.12 DMP-ICC/villus in more than
one location of the bowel, 88% of these had SIBO com-
pared to 6% in those who did not (P < 0.001).

CONCLUSION: In this post-infectious rat model, the
development of SIBO appears to be associated with a
reduction in DMP-ICC. Further study of this rat model
might help understand the pathophysiology of post-
infectious irritable bowel syndrome.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

A recent series of studies suggested a link between small
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intestinal bacterial overgrowth (SIBO) and irritable bowel
syndrome (IBS)""?. The latest of these is a study that com-
pared jejunal cultures between IBS patients and controls”.
In that study, the number of coliform bacteria was higher
in the small bowel of IBS compared to healthy controls.

Another potential bacterial pathogenesis in IBS is re-
lated to the development of IBS symptoms after acute
gastroenteritis [post-infectious IBS (PI-IBS)]. In a recent
meta-analysis, almost 10% of normal subjects developed
IBS after an incident of bacterial gastroenteritis'”. Initial
research in this area focused on possible inflammatory
events, as suggested by increased lymphocyte counts in the
rectal mucosa” . Recent evidence has linked post-infec-
tious events to the development of SIBO in a rat model of
PI-IBS". In this model, rats exposed to Campylobacter jejuni
(C. jejuni) have persistent altered stool form that is linked
to the development of SIBO in 27% of rats, based on
quantitative polymerase chain reaction (PCR). This finding
in rats suggests that, at least in the case of C. jguni, a pos-
sible mechanism for PI-IBS could be the development of
SIBO. How SIBO develops in this model is not known. In
humans, it has been speculated that SIBO in IBS patients
is related to a reduced number of fasting migrating motor
complexesm. This has been a recognized cause of SIBO
since 1977,

The important role of interstitial cells of Cajal (ICC)
in gastrointestinal physiology has been elucidated over
the past 10-20 years. ICC are required for normal intesti-
nal motility. Their role as intestinal pacemakers has been
established in a number of model systems''"™", Labeling
ICC with anti-Kit antibodies provides an opportunity to
evaluate ICC of gastrointestinal muscles in patients with
various motility disorders. Reduced numbers or loss of
1CC is associated with several motor dysfunctions, includ-
ing achalasia, intestinal pseudoobstruction, infantile py-
loric stenosis, diabetic gastroparesis, ulcerative colitis, and
slow-transit constipationmw]. Loss of ICC also interferes
with electrical pacemaker activity, slow-wave propagation,
and gastrointestinal motor neurotransmission'>">***!),

Given the significant role of ICC in modulating the
neuromuscular activity of the gut, we sought to investi-
gate whether the development of SIBO in the rat model
infected with C. jguni is associated with reduction in in-
testinal ICC.

MATERIALS AND METHODS

Development of post-infectious rats
After confirming no pre-existing presence of C. jejuni in
their stools, 66 outbred Sprague-Dawley rats were ran-
domized (in a 1:1 ratio) into two groups. One group was
gavaged with a 1 mL solution containing C. jeuni 81-176
at 10° CFU/mL (C+ rats) in Brucella broth. The con-
trol rats were gavaged with an identical solution without
C. jejuni (C- rats).

Following gavage, all the rats were housed at two per
cage. However, the rats receiving Campylobacter (C+) were
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housed separately from the control (C-) rats to avoid the
possibility of cross contamination of the C. jguni infec-
tion between the two groups.

In the first 3 d after gavage, stool was collected from
both groups to verify that intestinal colonization in C+
rats had occurred. It was also used to confirm the ab-
sence of infection in C- rats. Stool was later obtained in
the C+ group on days seven and 14 after infection and
then every 2 wk until two consecutive negative cultures
tor C. jejuni were confirmed.

After 90% of the C+ rats no longer had detectable
C. jguni in the stool, they were considered to be in the
post-infectious time period. At this point, they were
housed for three additional months. During this time,
both groups were treated equally with respect to food,
water, and environment. In the 3 d just prior to euthanasia
(at 3 mo into the post-infectious period) stool was col-
lected from each rat and graded blindly according to an «
priori stool form grading score. This score was based on
whether or not there was loose ot normal stool in a blind-
ed evaluation. Any loose stool was considered abnormal.
The stool was also cultured to determine if there was any
lingering case of Campylobacter (C+).

Campylobacter gavage

The C. jegjuni 81-176 strain used in the gavage of the rats
was obtained from freezer stocks, plated on selective
media, and incubated for 36-48 h under microaerophilic
conditions at 42°C to create a bacterial lawn. This lawn
was then harvested from these plates and suspended in
Brucella broth. The concentration of bactetia was esti-
mated spectrophotometrically and confirmed zia serial
dilution and plating on selective media. In the 30 min
prior to Campylobacter gavage, rats were gavaged with a
1 mL solution of 5% sodium bicarbonate using a ball-
tipped inoculating needle. This was done to neutralize
gastric acid to increase the likelihood of intestinal colo-
nization of the pathogen. Subsequently, a 1 mL suspen-
sion of C. jejuni in Brucella broth (5 x 10° CFU/mL)
was administered by gavage.

Bowel sampling

Three months after clearance of Campylobacter from the
stool, fresh stool was obtained from all rats. This was
used to determine the presence or absence of prolonged
C. jejuni colonization. Stool was also qualitatively evalu-
ated for stool form as described above.

Rats were then euthanized. Immediately following
cuthanasia, a laparotomy was performed whereby pre-
cisely determined segments of the ileum, jejunum, and
duodenum were obtained, as previously described”. The
first 2 cm segment at each location was a ligated self-
contained loop of bowel. Sutures were placed on either
side to prevent exposure to air. Samples were kept at 4°C
in an anaerobic bag for transport. These self-contained
loops were then used to extract bacterial contents for
the determination of bacterial number using quantitative
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PCR, as previously described”. The quantity of bacteria
in these segments was compatred between control rats
and rats 3 mo after recovery from Campylobacter. SIBO
was considered to be present when bacterial count in the
Campylobacter treated rats exceeded two standard devia-
tions above the mean count found in the control group.

In each rat, a 2 cm segment of small bowel imme-
diately adjacent to the closed loop of small bowel was
resected and sent for bacterial quantitation. This second
piece of bowel was opened longitudinally along the mes-
entetic border and placed in a solution of 10% formalin
(VWR, West Chester, PA). After paraffin and mounting,
the tissue was stained.

Immunohistochemistry

Rats were then divided into three groups based on the
presence ot absence of Campylobacter and SIBO. The three
groups were a random selection of eight control rats (C-),
eight Campylobacter-infected rats that were found to have
bactetial overgrowth (C+/SIBO+), and eight randomly
selected rats that received Campylobacter gavage but did not
develop bacterial overgrowth (C+/SIBO-). Sections from
each paraffin block were stained immunohistochemically
using Polyclonal Rabbit Anti-Human CD117, c-kit (Dako-
Cytomation, Carpinteria, CA). The positive control used
to test the quality of the stain was a c-kit positive gas-
trointestinal stromal tumor. ICC were quantified by two
blinded readers assessing the tissue in a random, coded
order. The number of ICC was evaluated in the region of
the deep muscle plexus ICC (DMP-ICC) according to the
number of villi. The number of DMP-ICC per villus was
compared among controls, C+/SIBO-, and C+/SIBO+.

Statistical analysis

Statistical comparisons for the number of DMP-ICC per
villus were made by one-way analysis of vatiance among
three groups and differences from controls was further
analyzed using the Wilcoxon Rank-Sum Test. To com-
pare the density threshold of ICC per villus, a Fisher’s
exact test was used. A P value of <0.05 was considered
significant.

RESULTS

Campylobacter infection

Out of 66 rats used in the study, none had stool culture
demonstrating C. jejuni before gavage. Of these rats, 33
were gavaged with vehicle (C-) and 33 rats received approxi-
mately 5 X 10° CFU C. jijuni 81-176 (C+). Six rats died of
trauma secondary to gavage (three in each group). Among
the remaining 30 rats that received C. jgiuni, all had stool cul-
tures that confirmed intestinal colonization by C. jejuni, and
all but one rat cleared this colonization by 14 d.

As previously reported®, C- rats were then used to
determine the normal range of flora in the duodenum,
jejunum, and ileum. Using these control data, eight C+
rats (27%) were found to have SIBO and were designated
C+/SIBO+.
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Figure 1 The number of interstitial cells of Cajal per villus in the duode-
num, jejunum, and ileum. C-: Rats that received vehicle gavage; C+/SIBO-:
Rats gavaged with Campylobacter but which did not develop small intestinal
bacterial overgrowth (SIBO); C+/SIBO+: Rats gavaged with Campylobacter that
later developed SIBO. ®P < 0.05, °P < 0.001 vs control.

The number of DMP-ICC per villus

The number of DMP-ICC per villus was determined
in C-, C+/SIBO-, and C+/SIBO+ rats. As shown in
Figure 1, the rats with SIBO had the lowest number of
DMP-ICC. This was more obvious in the jejunum and
ileum than in the duodenum. Although there was a re-
duction of ICC in the C+/SIBO- group, this was not
as great as was seen in the C+/SIBO+ group. Figure 2
shows representative examples of ileal biopsies in the C-,
C+/SIBO-, and C+/SIBO+ groups, respectively. There
was a reduced number of CD117 stained cells in the
deep muscular plexus in the C+/SIBO+ group.

Density threshold of DMP-ICC

The number of DMP-ICC was then used to determine the
level of ICC compared to SIBO. The data suggested that
rats with < 0.12 ICC/villus were most likely to have SIBO.
In fact, 54% of rats with a density < 0.12 ICC/villus in the
leum had SIBO compared to 9% in which DMP-ICC den-
sity was = 0.12/villus (P < 0.05). Using all levels of bowel,
the density threshold was even more relevant. If the densi-
ty of DMP-ICC/villus was < 0.12/villus in morte than one
of the three bowel segments, 88% had SIBO compated to
6% if the figure was = 0.12/villus (P < 0.001).

Differential effects of campylobacter on ICC

When the number of DMP-ICC was noted by segment of
bowel according to whether rats received vehicle or Canzpy-
lobacter, a significant difference was seen (Figure 3). There
was a graded affect on DMP-ICC population, such that
the greatest effect on reduction in DMP-ICC was in the
distal small bowel. Reduction was also seen in the jejunum
and ileum. This contrasted to the control group, whereby
DMP-ICC density was uniform from proximal to distal
small bowel.

DISCUSSION

In a previous study, we demonstrated that in a post-
infectious rat model, altered bowel function persisted in
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Figure 2 Interstitial cells of Cajal (arrows) in the ileum stained with CD117
(magnification 40 x). A: Control rat; B: Rat exposed to Campylobacter that did
not develop small intestinal bacterial overgrowth (SIBO), demonstrating per-
sistent CD117 staining of interstitial cells of Cajal (ICC) cells; C: Rat exposed
to Campylobacter that developed SIBO, demonstrating a reduction in CD117
staining of ICC cells. In this case, the staining is slight and the arrow indicates a
“possible” stained cell.

a large number of rats even 3 mo beyond the clearance
of the infection™. 27% of rats were found to have SIBO
by quantitative PCR. SIBO correlated with those animals
that had the most altered stool form. In this study, we at-
tempted to further understand how SIBO could develop
in this post-infectious rat model by studying the ICC. We
found that long after Campylobacter infection had cleared,
there was an apparent reduction in the number of DMP-
ICC. This reduction appeared most evident in rats that
developed SIBO after clearing Campylobacter. Further-
mote, when the DMP-ICC density is less than 0.12/vil-
lus, SIBO is predicted to occur.

Six to seventeen percent of IBS patients believe their
symptoms began after acute gastroenteritis[zzl, and the
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Figure 3 The effect of Campylobacter on interstitial cells of Cajal is great-
er in the distal small bowel (based on one-way analysis of variance).

incidence of PI-IBS following bacterial gastroenteritis is
reported to be between 4%-31%*?, In a G-year follow
up study, 57% of subjects thought to have developed
PI-IBS still had altered bowel function consistent with
IBS™". This growing body of literature on PI-IBS has led
to two recent meta-analyses™. Both studies estimated
that IBS has an incidence rate of about 10% after a case
of acute gastroenteritis.

Two issues make PI-IBS very important in research
on IBS pathophysiology. First, acute gastroenteritis is
very common, and with a 10% rate of IBS develop-
ment, this phenomenon might be very important in the
development of IBS as a whole. Secondly, this is the first
demonstration of a direct cause and effect relationship
in the precipitation of IBS. How an acute gastrointesti-
nal infectious process produces IBS in humans remains
poorly understood, but some investigators have found
residual inflammatory changes in the gut among patients
with PI-IBS. These include increased numbers of lym-
phocytes, enteroendocrine cells, and mast cells in PI-
IBSP7## Tt is difficult to guarantee uniformity of
population and pathogen in human studies of PI-IBS as
they rely on studying a group of humans who emerge
from an outbreak of infectious diarrhea. As a result, the
study of inflammation and other factors in PI-IBS have
been moving into animal models of PI-IBS.

One model that has been studied for some time is a
Trichinella spiralis (1. spiralis)-infected mouse model. Beyond
inflammatory changes, research in this model has looked
at the long term effect on gastrointestinal motility. A major
finding in this model was that, after resolution of the initial
pathogen-related inflaimmatory response and elimination
of the nematode from the gut, there was persistent intes-
tinal neuromuscular dysfunction”. T. gpiralis-induced mu-
cosal inflammation led to prolonged effects on intestinal
smooth muscle, and to colonic visceral hyperalgesia™*.
Although models such as this are vital to our understand-
ing of PI-IBS, no model had been developed to investigate
the more common human pathogens believed to cause the
bulk of PI-IBS. These include Campylobacter, Salmonella, and
Shigella, among others™.

Two existing theories of bacterial events (post-infectious
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and SIBO) now appear to be linked, based on a recent
study suggesting that C. jguni infection precipitates altered
stool form and SIBO in a rat model®. How this occurs is
currently unknown, although one study has demonstrated
that acute C. jguni infection alters intestinal myoelectric
activity. In ileal segments of rabbits, alteration of action
potential activity was seen in the small intestine infused
intraluminally with C. jgiuni and its cell-free filtrate™. In
that study, the rabbits were monitored for only 24 h after
exposure to C. jguni. Unfortunately, no long term studies
were done, and the cause of these effects was unknown.

An important cell in the control of gut motor function
is the ICC. A growing list of animal models appears to
support the notion that ICC are impaired in the presence
of inflammation-induced changes in motor control. With
acetic acid-induced inflaimmation, a reduction in resting
membrane potential and the amplitude and duration of
slow waves was related to the damage of the ICC in circu-
lar muscle cells in dogsm. In another study using the ear-
lier described T. spiralis-model, damage to the structure of
ICC networks within the region of the myenteric plexus
was seen”. When jejunal inflaimmation was induced by
Nippostrongylus brasiliensis in rats, changes in myenteric neu-
rons, circular muscle cells, and ICC were observed™".

In this study, we investigated whether the develop-
ment of SIBO in the postinfectious rat model is related to
the alteration of DMP-ICC populations, and whether this
could in some way be linked to the development of 1BS.
In this study, Campylobacter gavaged rats were found to
have a reduction of DMP-ICC density 3 mo after clear-
ance of Campylobacter. More interesting was that the DMP-
ICC density also corresponded to the development of
SIBO. Rats with SIBO had the lowest DMP-ICC density.
We could further evaluate a density threshold of DMP-
ICC per villus which predicts SIBO. If the density of
DMP-ICC/villus was not greater than 0.12 in more than
one location among duodenum, jejunum, and ileum, 88%
of the rats had SIBO. Although this finding does not ex-
amine the numerous contributions to gut motor function
in addition to ICC, the possibility is raised that through
some effects on ICC or neuromuscular mechanisms, acute
gastroenteritis produces a long term effect that allows for
the development of SIBO.

How Campylobacter attects DMP-ICC is unknown, but
two possibilities include a toxin or a result of the initial
acute inflammatory reaction. Although inflammation
seems to be an obvious possibility, ICC’s have a significant
amount of “plasticity”’. Loss of 1CC in pathological condi-
tions does not always mean permanent injury. This “plas-
ticity” of ICC was found in a murine model of partial
bowel obstruction. After the onset of the obstruction,
hypertrophy of the smooth muscle layers and progressive
loss of ICC orad to the site of obstruction were observed.
Recovery of ICC and restoration of slow wave activity
after removal of the obstruction were achieved within 30 d.
In addition, injury to ICC due to inflammation is repaired
in the course of time. Structural damage was observed in
the network of ICC for 2 wk after T. spiralis infection. The

(44

&?s:iﬁm"* WJG | www.wjgnet.com

structural changes were accompanied by aberrant pace-
maker activity and abnormal slow waves. Sixty days after
infection, motility and ICC recovered to normal values™.
Unlike these two studies, we found a persistent decrease in
the number of DMP-ICC 3 mo after clearance of infec-
tion. This was not due to any persistent Campylobacter colo-
nization, as the pathogen was not detectable by culture in
any location of the gastrointestinal tract. However, it is
presumed that some event related to Campylobacter is re-
sponsible for this persistent reduction of DMP-ICC. This
particular layer of ICC might be important. For example,
in the W/W" mouse, the DMP is intact and, despite loss
of all other layers of ICC and loss of electrical slow wave,
the migrating motor complex also remains intact””. Thus,
DMP destruction might have an impact on mechanisms
that protect against bacterial overgrowth.

An alternative explanation would be that SIBO is con-
tributing to the reduction of ICC. Although not consid-
ered in this study, one means of determining this would
be to provide antibiotic treatment to rats and count ICC
after eradication of SIBO. The challenge with examin-
ing this concept is that it is difficult to identify SIBO in
a live rat. This would make it difficult to know which
animal should receive antibiotics.

It can be considered that ICC is just a marker of more
global damage. In our study, smooth muscle was not eval-
uated. In a mouse model after acute nematode infection,
altered neuromuscular function and long-lasting muscle
contractility were noted”"”. The findings were considered
as a model of PI-IBS. Further studies are needed to evalu-
ate smooth muscle, toxin, and the effect of inflammation
with Campylobacter infection.

In conclusion, rats with SIBO that developed 3 mo af-
ter Campylobacter gavage had a decreased number of ICC
in the jejunum and ileum compared to control rats. Fur-
thermore, the density threshold of ICC per villus appears
to predict SIBO. These data suggest that a decrease in the
number of ICC in the small intestine is implicated in the
pathogenesis of PI-IBS. Elucidating which Campylobacter-
related factor produces this decrease in the number of
ICC may contribute greatly to our understanding of PI-
IBS and lead to potential treatments for IBS.

COMMENTS

Background

There is a growing interest in understanding newly discovered bacterial mecha-
nisms in the pathophysiology of functional bowel disease. These mechanisms
might result innovative treatments for diseases such as irritable bowel syn-
drome (IBS).

Research frontiers

Two bacterial hypotheses have emerged in IBS. The first hypothesis is that IBS
appears to develop in humans after an episode of acute gastroenteritis. The
other bacterial hypothesis is that a proportion of patients who already have IBS
appear to have small intestinal bacterial overgrowth (SIBO) and improve with
antibiotic therapy.

Innovations and breakthroughs
Recently, a new animal model of post-infectious IBS has been developed on
the basis of a common human pathogen, Campylobacter jejuni (C. jejuni). In
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this model, IBS-like symptoms appear to develop in rats 3 mo after clearance of
the initial infection. At this time, a proportion of these rats have bacterial over-
growth, based on quantitative polymerase chain reaction. These data now link
acute gastroenteritis to the development of bacterial overgrowth and symptoms
in an animal model.

Applications

This new animal model will facilitate the discovery of the cascade of events that
lead to IBS and SIBO. One candidate in the cascade is likely to be an effect on
the neuromuscular apparatus of the gut.

Terminology

Post-infectious IBS is the development of IBS after a self-limited infection of the in-
testine, such as acute gastroenteritis. Interstitial cells of Cajal (ICC) are nerve cells
in the intestinal lining that are important for maintaining the function of the gut.
Peer review

In this manuscript, the authors investigate the potential role of a decreased
number of ICC in causing SIBO after a C. jejuni infection in rats. The paper is
well written and is pleasant to read. The experiments have been carefully de-
signed and executed.
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Abstract

AIM: To evaluate the prevalence of breast tumors in adult
females with chronic hepatitis C virus (HCV) infection.

METHODS: Prospective, single-center study, based on
female outpatients consulting in a liver unit, for 1 year.
The study group included females with present and/or
past history of chronic infection by HCV. Patients with
spontaneous recovery were excluded. Chronic hepatitis
had been proved by liver biopsy in the majority of cases
and/or biological markers of inflammation and fibrosis.
The control group included female patients with other
well documented chronic liver diseases: chronic hepa-
titis B, alcoholic liver disease, autoimmune hepatitis,
hemochromatosis, non alcoholic liver disease, chronic
cholangitis. Participating patients were prospectively
questioned during consultation about past breast history
and follow-up by mammaography.
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RESULTS: Breast carcinoma was recorded in 17/294
patients with HCV infection (5.8%, 95% CI: 3.1-8.4)
vs 5/107 control patients (4.7%, 95% CI: 0.67-8.67).
Benign tumors of the breast (mastosis, nodules, cysts)
were recorded in 75/294 patients with HCV infection
(25.5%, 95% CI: 20.5-30.5) vs 21/107 (19.6%, 95%
CI: 12.1-27.1) in the control group. No lesion was not-
ed in 202 patients with HCV (68.7%, 95% CI: 63.4-74)
vs 81 control patients (75.7%, 95% CI: 67.6-83.8).
Despite a trend to an increased prevalence in the group
with HCV infection, the difference was not significant
compared to the control group (P = NS). In patients
over 40 years, the results were, respectively, as follows:
breast cancer associated with HCV: 17/266 patients
(6.3%, 95% CI: 3.4-9.3) vs 5/95 patients (5.2%, 95%
CI: 0.7-9.7) in the control group; benign breast tumors:
72/266 patients with HCV infection (27%, 95% CI:
21.7-32.4) vs 18/95 patients (18.9%, 95% CI: 11-26.8)
in the control group; no breast lesion 177/266 (66.5%,
95% CI: 60.9-72.2) in patients with HCV infection vs
72/95 (75.7%, 95% CI: 67.1-84.4) in the control group.
The differences were not significant (P = NS).

CONCLUSION: These results suggest that chronic HCV
infection is not a strong promoter of breast carcinoma in
adult females of any age.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Several viruses have been involved in the occurrence of
cancers'!, For instance, human papilloma virus has been
directly implicated in uterus cancer; poliomavirus in me-
sothelioma and brain tumors; Epstein-Barr virus in B-cell
lymphoproliferative disease and nasopharyngeal carci-
nomaj; herpes virus in Kaposi sarcoma'”. Hepatitis C virus
(HCV) is well-known to cause chronic hepatitis, cirrhosis
and hepatocarcinomapﬂ. The prevalence of HCV in
France, as in other Western European countties, is around
1% and is estimated to be 1.6% in the United States®*.
The potential link between HCV infection and the risk
of developing malignancy other than hepatocarcinoma
has been recently raised in several studies” 'Y, There are
several lines of evidence showing a role in the occur-
rence in non-Hodgkin lymphoma and lymphoprolifera-
tive diseases”'”. Recent studies argue for an increasing
risk of intra-hepatic Cholangiocarcinoma[“] and thyroid
cancer'”. The prevalence of HCV has been evaluated in
elderly patients with tumors different from hepatocarci-
noma and non-Hodgkin lymphoma (colorectal, prostate,
breast, bladder, kidney)"”. Among 236 patients, 87 (36%)
were positive for HCV, a higher prevalence than in the
patients of the control group (10%)!"”. A statistically
significant difference was observed with kidney cancer,
prostate cancer, and bladder cancer”. Finally, the link
between hepatocarcinoma and another tumor has been
assessed in a retrospective study including 37 patientsm.
Five patients (13.5%) had developed another primary
cancer before or after hepatocarcinoma: kidney cancer,
breast cancer, colorectal cancer, prostate cancer, or lym-
phoma. A common point between these 5 patients was
HCYV chronic infection. This suggested that HCV chron-
ic infection may not only promote hepatocarcinoma, but
also other solid tumors .

Therefore the aim of this study was to assess the fre-
quency of breast tumors in adult females with chronic
infection by HCV and whether this disease may be a
promoting factor for the onset of benign or malignant
breast tumorts.

MATERIALS AND METHODS

This was a prospective, single-center study performed
over 1 year in female patient aged = 20 years, consult-
ing in the Liver Unit of Montpellier School of Medicine,
France, for chronic liver diseases. The study group includ-
ed patients with present or past chronic infection by HCV.

Patients

Inclusions criteria: Age = 20 years, the evidence of
chronic infection by HCV based on the presence of se-
rum anti-HCV antibodies, detection of serum HCV RNA
by PCR tested on several occasions for a period longer
than 1 year; chronic hepatitis C proved by liver biopsy
(75% of patients) or non-invasive methods (25% of pa-
tients) including biological markers of inflammation and
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fibrosis of the liver such as Fibrotest-Actitest® and/or
elastographic examination (Fibroscan®) as recently pub-
lished"™""; agreement of the patient for participation in
the study.

Exclusion criteria: A spontaneous recovery from HCV;
co-infection by hepatitis B virus or human immunode-
ficiency virus; absence of capacity to understand or to
answer the questions in the inquiry.

The control group included females seen sequentially
and prospectively during the same period and affected
by chronic liver disease over 1 year, with well defined
characteristics based on clinical, radiological and histo-
logical features [chronic hepatitis B, chronic alcoholic
liver disease, auto-immune hepatitis, hemochromatosis,
non alcoholic fatty liver disease (NAFLD), chronic chol-
angitis, ez.].

Methods

The following information was collected during the con-
sultation by using a questionnaire: past history of breast
cancer or benign breast tumor; which type if any (ad-
enoma, mastosis, cyst); performed examinations or treat-
ment (mammography, biopsy, surgery); potential partici-
pation in a tumor detection program by mammography.
Indeed, in our geographic area, there is a detection pro-
gram for breast lesions with systematic mammography
every 2 years for females over 40 years.

Statistical analysis

The data processing was performed using SAS software
packages version 8.1. A general descriptive analysis was
done for every parameter of the study. The distribution
of qualitative variables (such as breast tumors) between
groups was compared using Xz test. When the calculated
frequency of the categorical data of the contingency table
did not allow the use of the y” test, Fisher’s exact test was
performed. A P level < 0.05 was considered as significant.
Stratification was performed according to age brackets: 20
to 40 years, 41 to 60 years and more than 60 years. Unilat-
eral and bilateral power was calculated a posterior.

RESULTS

Four hundred and one patients fulfilled inclusion criteria
and all agreed to participate in the study. The study group
with HCV infection included 294 patients; the control
group included 107 patients with the following chronic
liver diseases: NAFLD, 32 cases; chronic hepatitis B, 10
cases; primary biliary cirrhosis, 17 cases; auto-immune
chronic hepatitis, 13 cases; chronic alcoholic liver disease,
4 cases; chronic cholangitis, 9 cases; hemochromatosis, 4
cases; and other chronic liver diseases, 18 cases.

Patients’ ages ranged from 21 to 84 years (median 58 years)
in the HCV group and from 23 to 84 years (median 56 yeats)
in the control group. The distribution by age was compa-
rable in the two groups with a predominance of patients
between 40 and 70 years: 20-40 years, 7 = 36 (8.9%) vs # =
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All patients

Median age (yr) 58 (21-84)
HCV Genotype

HCV1 63%

HCV2 11%

HCV 3 19%

HCV 4-5 7%
Severity of liver disease'

FO-F2 70%

E3 16%

F4 14%
HCV treatment

Never treated 30%

Past or ongoing treatment 70%

'The extent of fibrosis has been expressed according to the METAVIR scale
as previously described™. HCV: Hepatitis C virus.

15 (9.7%); 41-60 years, n = 132 (33%) vs n = 52 (45.9%);
> 60 years, n = 126 (42.8%) vs n = 40 (37.4%). Other
main characteristics of patients with chronic HCV infec-
tion, including genotype, sevetity of fibrosis and anti-viral
treatment history, are shown in Table 1. They are similar
to the features collected in the data bank of patients with
HCYV infection in our regional HCV network (3280 pa-
tients)"”. In the control group, the percentage of chronic
liver diseases reaching the stage of cirrhosis (stage F4 of
METAVIR scale) was 13% (14/107 cases), which was
similar to the HCV group (14%) (Table 1).

The programme of mammography for patient aged
over 40 years was followed in 212/266 patients (79.7%)
of the HCV group and in 74/99 patients (77.8%) of the
control group. In younger patients, mammography had
only been performed because of symptoms, in less than
15% of patients of both groups.

The prevalence of breast tumors is shown in Table 2.
Among all patients, breast cancer was recorded in 5.8%
(95% CI: 3.1-8.4) of HCV group patients »s 4.7% (95%
CI: 0.67-8.67), a benign breast tumor in 25.5% (95% CI:
20.5-30.5) in the HCV group s 19.6% (95% CI: 12.1-27.1)
in the control group, no evidence of breast lesion in
68.7% (95% CI: 63.4-74) of patients in the HCV group »s
75.7% (95% CI: 67.6-83.8) in the control group. Despite
a trend for a higher prevalence of malignant or benign
tumors in the HCV group, there was no significant statis-
tical difference with the control group (Table 2). Familial
history of breast cancer was recorded only in 1 of the 17
patients in the HCV group and none in the 5 cases of the
control group.

The same analysis was performed according age brack-
ets as presented in Table 3. No breast cancer was recorded
in females younger than 40 years in the two groups. The
frequency was low for females between 41 and 60 years,
with a mild predominance but no significant difference
in the HCV group compared to the control group: 3.4%
(95% CI: 0.5-6.4) »s 1.8% (95% CI: 0-5.3). Females older
than 60 years exhibited the highest prevalence with 10.0%
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without any difference between the two groups. In all pa-
tients over 40 years, breast cancer in the HCV group was
17/266 patients (6.3%, 95% CI: 3.4-9.3) »s 5/95 (5.2%,
95% CI: 0.7-9.7) in the control group.

For benign breast tumors, frequency also varied ac-
cording to age brackets: it was slightly lower in the HCV
group »s the control group for females between 20 and
40 years. In contrast, it was slightly higher in the other
two age brackets but the difference was not statistically
significant.

The absence of breast tumors was slightly higher in
females aged between 41 and 60 years, and older than
60 years in the control group »s the HCV group but the
difference was not statistically significant.

DISCUSSION

In many parts of the world, breast cancer is the most fre-
quent form of cancer in females” . Similarly in France,
there are 49000 new cases/year and 11000 deaths for a
population of 60 million inhabitants™ . The incidence
is 101 cases/100000 females™. Overall, cancer occurs in
one female out of 11. As with many other cancers, the
risk increases with age (less than 10% of breast cancers
are detected in patients younger than 40 years” ™, Then
the incidence increases with agem’z‘q. These observations
justify a systematic detection in females from 50 years.
The causes of breast cancer are pootly known. Neverthe-
less, some risk factors have been identified” " benign
breast diseases, fertility (females without pregnancy or
with first pregnancy later than 30 years old exhibit a high-
er risk), obesity particularly after menopause®”. Familial
and genetic factors may also increase the risk, in particular
through a gene mutation (BRCA1-BRCA2) i The role of
oral contraceptives has been discussed” ", The increase
in risk has been mainly observed in oral contraceptive us-
ers with a family history of breast cancer™

The role of HCV in breast cancer has been recently
raised"” for the following reasons. Chronic HCV infection
is cleatly involved in the occurrence of hepatocarcinoma
and lymphoma”*"" and in several other solid tumors'"' ",
Some cases of breast cancer were observed in a recent
study of patients with HCV"" and several cases have been
recorded during the regular follow-up of the large cohort
of patients with chronic HCV infection seen in the Liver
Unit of Montpellier School of Medicine (personal obser-
vation). This led to the present prospective study knowing
that a program of systematic detection of breast tumors
by mammography every 2 years in all females older than
40 years has been in place in our geographic area for near-
ly 20 years.

Global results of this study show a breast cancer
frequency of 5.8% in adult females with chronic HCV
infection. Intentionally, we included a group of young
females, aged 20-40 years, to detect a potential signal in an
age population known to not exhibit a particular risk. No
malignant lesion was recorded. However, only a small pro-
portion of these patients had undergone mammography.
Therefore, the detection of a tumor was mainly based on
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Patients with HCV infection (7 = 294) Patients with other chronic liver diseases (7 = 107) P value
n (%) 95% CI n (%) 95% CI
Breast cancer - all patients 17 (5.8) 3.1-84 54.7) 0.67-8.67 NS
Benign breast tumors 75 (25.5) 20.5-30.5 21 (19.6) 12.1-27.1 NS
No breast lesion 202 (68.7) 63.4-74 81 (75.7) 67.6-83.8 NS
HCV: Hepatitis C virus; NS: Not significant.
Age of patients (yr) Patients with chronic HCV infection (» = 294) Patients with other chronic liver diseases (7 = 107) P value
n (%) 95% CI n (%) 95% CI
Breast cancer
20-40 0/28 (0) 0/12 (0) NS
41-60 5/146 (3.4) 05-6.4 1/55 (1.8) 0-5.3 NS
> 60 12/120 (10.0) 46-154 4/40 (10.0) 0.7-19.3 NS
Benign breast tumors
20-40 3/28 (10.7) 0-22.2 3/12 (25.0) 0.5-49.5 NS
41-60 41/146 (28.1) 20.8-35.3 12/55 (21.8) 10.9-32.7 NS
> 60 31/120 (25.8) 18-33.7 6/40 (15.0) 3.9-26.1 NS
No breast lesion
20-40 25/28 (89.3) 77.8-100 9/12 (75.0) 50.5-99.5 NS
40-60 100/146 (68.5) 60.9-76 42/55 (76.4) 65.1-87.6 NS
> 60 77/120 (64.2) 55.6-72.7 30/40 (75.0) 61.6-88.4 NS

HCV: Hepatitis C virus; NS: Not significant.

its clinical expression. This sub-group representing about
10% of the overall group has slightly lowered the global
prevalence. Indeed, the prevalence of all patients aged
more than 40 years is 6.3% and reaches its highest rate,
10%, in females aged more than 60 years. The prevalence
may have been underestimated since the mammography
program was not followed in 20% of patients. Results
observed in the HCV group were similar to those found
in the control group, including females with other types
of chronic liver diseases and having the same breast tu-
mor detection program. We observed a similar low fre-
quency in younger patients and the same proportion of
patients who did not follow the mammography program.
Therefore, this did not influence the compatison between
groups. Finally, a familial history of breast cancer was re-
corded in a single patient with breast cancer (in the HCV
group). This factor does not appear to have influenced the
result of our study. Overall, these data do not support the
idea that HCV chronic infection is a factor which contrib-
utes markedly to breast cancer. This view is also reinforced
by the fact that prevalence of breast cancer found in this
study is within the range of those found in general French
and occidental populations'”*". Nevertheless, the inter-
pretation of the results needs to be balanced by some lim-
itations, in particular the relatively low number of patients
in the control group and the absence of a priori calculation
of the number of patients required to show a significant
difference between groups with high power. This is largely
caused by the fact that the prevalence of breast cancer in
patients with chronic liver diseases in general and in HCV
infection in particulat, was completely unknown when the
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study was started. Therefore, our study does not allow us
to draw definite conclusions. Nevertheless, it may serve as
basis to set a more powerful study with matched control
groups.

In summary, results of this study allowed the evalua-
tion of the prevalence of breast cancer in patients with
HCV chronic infection and suggest that HCV is not a
strong promoter of breast carcinoma in adult females of
any age.

COMMENTS

Background

Chronic infection by hepatitis C virus (HCV) exhibits a high frequency worldwide
and represents a major cause of chronic liver disease leading to cirrhosis and
hepatocarcinoma. lts influence on the onset of malignant tumors is under inves-
tigation.

Research frontiers

Several recent studies suggest that HCV chronic infection can not only cause
hepatocarcinoma and lymphoma but may also promote the onset of several
other solid tumors involving biliary ducts, thyroid, prostate, kidney and bladder.
Innovations and breakthroughs

The prevalence of breast cancer in patients with chronic liver diseases in
general and HCV chronic infection in particular, is unknown. The relationship
between HCV infection and breast cancer has been recently suggested by
anecdotal cases. This is the first study designed to evaluate the prevalence of
breast malignant and benign tumors in female patients and to assess whether
HCV chronic infection is a risk factor. The study has been performed prospec-
tively, using other chronic liver diseases as the control group. The results show
the same prevalence of breast tumors in both groups which suggests that HCV
does not appear as a strong promoting factor.

Applications
This study has allowed us to estimate the prevalence of breast cancer in fe-
males with chronic HCV infection. The interpretation of the results is balanced
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by the number of patients included in the study and statistical power. Neverthe-
less, this constitutes a step to design new studies with matched control groups
including a much larger number of patients to evaluate a potential low impact of
HCV in breast malignancy.

Peer review

The authors evaluated the association between HCV infection and breast can-
cer. The study included 294 patients with HCV infection. Control subjects were
107 women seen in the same liver clinic over a 1-year period. Overall, there
was no difference in the frequency of breast cancer or benign breast lesions
between HCV-infected patients and control subjects. The hypothesis is interest-
ing, but the study has limitations as discussed.
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Abstract

AIM: To assess the rate of spontaneous tube migration
and to compare the effects of naso-gastric and naso-
intestinal (NI) (beyond the ligament of Treitz) feeding in
severe acute pancreatitis (SAP).

METHODS: After bedside intragastric insertion, tube
position was assessed, and enteral nutrition (EN) started
at day 4, irrespective of tube localization. Patients were
monitored daily and clinical and laboratory parameters
evaluated to compare the outcome of patients with na-
sogastric (NG) or NI tube.

RESULTS: Spontaneous tube migration to a NI site oc-
curred in 10/25 (40%) prospectively enrolled SAP pa-
tients, while in 15 (60%) nutrition was started with a
NG tube. Groups were similar for demographics and
pancreatitis aetiology but computed tomography (CT)
severity index was higher in NG tube patients than in
NI (mean 6.2 vs 4.7, P = 0.04). The CT index seemed
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a risk factor for failed obtainment of spontaneous dis-
tal migration. EN trough NG or NI tube were similar in
terms of tolerability, safety, clinical goals, complications
and hospital stay.

CONCLUSION: Spontaneous distal tube migration is
successful in 40% of SAP patients, with higher CT se-
verity index predicting intragastric retention; in such
cases EN by NG tubes seems to provide a pragmatic
alternative opportunity with similar outcomes.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Acute pancreatitis (AP) is an acute inflammatory process
which has different grades of severity and is character-
ized by high mortality rates in the case of infected pan-
creatic necrosis'".

Severe AP (SAP) with pancreatic necrosis is therefore
a hard challenge for clinicians, and its management is

still debated. The aim of treatment is to prevent necrosis
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infection and to manage the hypercatabolism secondary
to extended pancreatic and extrapancreatic inflammation
with an adequate nutritional, volumetric and hydroelectro-
Iytic support. Nutritional support is presently considered
a key issue in patient management. Enteral nutrition (EN)
should be preferred to total parenteral nutrition (TPN) in
patients with SAPPY as also suggested by current guide-
lines"*“, EN is indeed associated with reduced mortality,
lower septic complications, reduced surgical procedures
and hospital stayml, possibly owing to a trophic action on
the intestinal wall and prevention/reduction of bactetial
translocation.

However, in clinical practice EN is employed far less
frequently than it should. A recent survey conducted by
the Italian Society of Pancreatology has reported that only
about 20% of SAP patients received EN, either as single
nutritional support, or in combination with TPN'". This
figure is slightly more encouraging in Holland where some
50% of patients with SAP received EN in an observa-
tional multicentre study'.

The main obstacle to EN diffusion is that it is con-
sidered complicated, and to require specific skills. Indeed,
to ensure full pancreatic rest, nutrition tubes should be
placed in the jejunum[g’m]. Although spontaneous transpy-
loric migration of tubes after gastric positioning, and sub-
sequent localization in the distal duodenum or jejunum, is
possible, few studies have specifically addressed this issue
in patients with AP. Endoscopic placement of a nasoje-
junal tube is a possible alternative, but it is troublesome,
potentially risky, and variable success rates have been
reportedm. Other techniques and devices have been pro-
posed to improve tube positioning beyond the ligament
of TreitZ"", but results, although appealing, are prelimi-
nary and sometimes out of reach in daily clinical practice.

In the past few years, it has been proposed that EN
through nasogastric (NG) tubes may be a simple, safe
and equally valid alternative to nasojejunal tubes, with the
potential advantage of earlier administration of nutri-
ents" . However, NG feeding cannot be recommended
at this time, and it is not clear if a subgroup of SAP pa-
tients may benefit more from this approach.

We speculated that a pragmatic possibility in real-world
clinical practice would be to employ NG feeding when-
ever tube migration does not occur spontaneously.

The aims of this study were therefore to assess the
rate of spontaneous distal migration of EN tubes in pa-
tients with predicted SAP, to identify possible factors as-
sociated with it, and to compare the safety and tolerability
of EN with an elemental formula in patients who started
nutrition with a “proximal”, NG or a “distal”, naso-intes-
tinal (NI) tube, depending on the success of spontaneous
tube migration.

MATERIALS AND METHODS

Patients

This is a pragmatic (“real world”) study, prospectively eval-
uating patients with predicted SAP admitted to our Institu-
tion from January 2006 to November 2009. AP was de-
fined by the presence of typical abdominal pain associated
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with serum amylase levels > 3 times normal value. Patients
with predicted SAP, as defined by a Ranson’s score of 3
ot higher and/or by a CT severity index of 4 or higher (as
reviewed in 1), were included.

Treatment protocol

SAP patients received appropriate fluid support, antibi-
otic prophylaxis with iv imipenem (500 mg every 8 h),
antisecretory therapy with iv pantoprazole (40 mg once
daily), and were offered EN. The EN protocol included
positioning of a feeding tube (10 F Flexiflo tungsten-
weighted polyurethane feeding tube, Abbott, Baltimore,
USA). After lubrication with 20 mL of water, intubation
was performed at the bedside in all cases and, once com-
pleted and verified by X-ray, the guide-wire was with-
drawn and the tube fixed to the nose. Prokinetics (meto-
clopramide 10 mg) were administered twice a day for 3 d
after intubation. Tip position was radiologically assessed
after 24 (day 1) and 72 h (day 3). Position was considered
“proximal” (NG) if the tube tip was in the stomach or in
the duodenum, proximal to the ligament of Treitz, and
“distal” (NI) if in the duodenum beyond the ligament
of Treitz or in the jejunum. At day 4 EN was started ir-
respectively of tube position (either “NG” or “NI”). An
elemental formula (Survimed®) was employed at increas-
ing volumes, from 20 mL/h up to an energetic target of
2000 kcal per day (100 mL/h).

Measured outcomes

Patients were monitored daily by measurement of clinical
and laboratory parameters, and pain through a quantita-
tive score, based on the subjective evaluation and the need
for analgesic drugs (0 = no pain, 1 = pain with no need
of analgesics, 2 = pain responding to low dose analgesics,
3 = pain responding to high dose analgesics, 4 = pain not
responding to high dose analgesics).

Pain recurrence, biochemical changes (amylase, lipase
and C-reactive protein), side effects (such as nausea, vom-
iting or diarrhoea), success of EN in terms of caloric
target and days necessatry to reach it, as well as possible
need to TPN switching, were recorded. Patients received
further appropriate clinical and radiologic investigations
when needed. Occurrence of pancreatic (infected necro-
sis) and/or extrapancreatic complications (renal and/or
respiratory failure, bleeding) were also recorded, as well as
the patients’ clinical outcome (mortality, need for surgery)
and length of hospital stay.

Statistical analysis

Categorical data (percentages) were compared by means
of Fisher’s exact test, and continuous data by means of
ttest for independent samples. Possible associated risks
were evaluated by logistic regression analysis.

RESULTS

Patients

During the study protocol, 116 patients with AP were ad-
mitted to our unit. Their demographics and clinical features
are detailed in Table 1. Among them, there were 28 pa-
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Table 1 Characteristics of the 116 patients with acute pancre-

atitis hospitalized in the study period 7 (%)

Table 3 Tolerability and success of nutrition according to tube

position 7 (%)

Gender (female/male) 53/63
Median age (range, yr) 55.5 (17-92)
Mild/severe pancreatitis 88/28
Etiology
Biliary 59 (50.9)
Alcoholic 28 (24.1)
Drug-induced 4 (3.4)
Idiopathic 8(6.9)
Hypertrigliceridemia 3(2.6)
Tatrogenic 6(5.2)
Autoimmune 1(0.9)
Traumatic 1(0.9)
Pancreas divisum 4 (3.4)
Intrapapillary mucinous tumour 2(1.7)

Table 2 Demographics and clinical features of the 25 patients

with predicted severe acute pancreatitis who received enteral
nutrition, according to tube position at nutrition start

Nasogastric Nasointestinal P
(n = 15) (n =10)

Sex (female, %) 6 (40) 4 (40) 1
Median age (yr) 56 (31-83) 63 (36-89) 03
BMI (kg/m’) 24.8 (21.4-28.2) 25.4 (21.8-29.1) 0.7
Amylase at entry 1045.5 1141.6 0.8
(U/L; nv <110) (5692.2-1498.8) (127.7-2155.4)
Lipase at entry 8559.8 14037 0.4
(U/L; nv < 300) (3676.4-13443.2)  (2026.1-30100.1)
CT severity index 6.2 (5.1-7.2) 4.7 (3.5-5.8) 0.04
Ranson’s score 3.8 (3.1-4.6) 3 (1.6-4.3) 0.2
CRPat72h (mg/L)  149.1 (82.5-215.6) 138 (27-249) 0.8
White blood dells 13620 9940 0.1
count at entry (10476-16760) (5200-14675)
LDH at entry 841.8 862.6 0.9
(mU/mL) (608.8-1074.7) (244.8-1480.4)
Hematocrit at 38.6 (33.9-43.2) 39.6 (35.9-43.2) 0.7
entry (%)
Etiology: biliary/ 6/9 5/5 0.6

alcoholic or other

Values expressed as total number (percentage) or as mean (95% CI), but
for age. BMI: Body mass index; CT: Computerized tomography; CRP: C
reactive protein; LDH: Lactate dehydrogenase.

tients with predicted SAP (24.1%) who were offered EN
as part of their treatment. Two patients refused tube posi-
tioning and received TPN, another patient spontaneously
withdrew the tube on day 1 and refused further invasive
treatments. Data concerning the remaining 25 patients
were analysed.

Rate of spontaneous nutrition tube migration

Plain abdominal X-ray evaluation at day 3 demonstrated
successful transpyloric tube migration and “NI” position-
ing in 10 (40%) patients. The tube did not migrate and
remained “NG” in the other 15 patients (60%). As shown
in Table 2, the two groups were similar in terms of sex,
age and pancreatitis etiology. The predicted severity was
not different according to Ranson’s score, C-reactive pro-
tein or other biochemical values, but the CT severity index
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Nasogastric Nasointestinal P
(n = 15) (n = 10)

Tube malpositioning 0 0 -
Epistaxis or Sinusitis 1 (6.6) 1(10) 1
Accidental tube removal 0 1(10) 0.4
Tube clogging 1(6.6) 0 1
Aspiration pneumonia 0 0 =
Exacerbation of pain 5(33.3) 2 (20) 0.68
Vomiting 2 (13.3) 1 (10) 1
Diarrhoea 5(33.3) 3 (30) 1
Amylase increase > 10% 0 0 -
Lipase increase > 10% 1 (6.6) 0 1
CRP increase > 10% 2 (13.3) 2(20) 1
Need to switch to TPN 4 (26.6) 0 0.27
Energetic target reached 14 (93.3) 8 (80) 1
Days to caloric target, 5.6 (3.8-7.4) 4.3 (3.1-5.6) 0.3

mean (95% CI)

TPN: Total parenteral nutrition.

in the NG tube group was significantly higher than the NI
group (mean 6.2 »s 4.7, P = 0.04). At a logistic regression
analysis, we could not identify factors associated with the
NG tube position, although CT severity index was the
variable closest to significance (OR = 1.6 per unit, 95%
CI: 0.95-2.9). Moreover, in all 4 patients (100%) with a CT
severity index > 0, the tube did not migrate beyond the
pylorus, compared to 11 of the 21 patients (52.3%) with
an index << 6; however this difference was not statistically
significant, probably due to the small number of patients.

Safety and tolerability of nutrition

There were no differences regarding complications of the
feeding tube positioning, such as malpositioning, epistaxis
or aspiration pneumonia between patients with a NG or
a NI tube. Moreover, after EN start, there was no signifi-
cant difference between the NG and the NI tube groups
in terms of exacerbation of pain, biochemical changes
(amylase, lipase and C-reactive protein), side effects or
need to switch to TPN. A similar high percentage of
patients reached the energetic target (2000 Kcal) in both
groups without significant time difference (Table 3).

Clinical outcome

As detailed in Table 4, there was no significant differ-
ence in the clinical outcome between the two groups,
although more complications occurred in the NG group.

DISCUSSION

In the present study spontaneous migration of the EN
tube beyond the stomach occurred in 40% of predicted
SAP patients, and a higher CT severity index was associat-
ed with the tube being retained in the stomach. However,
EN was successfully delivered in some 90% of cases, even
in those patients in which tube migration beyond the liga-
ment of Treitz was unsuccessful. Similar results in terms
of safety and tolerability were observed in patients with
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Nasogastric Nasointestinal P
(n =15) (n =10)
Mortality 0 0 =
Need of surgery 0 0 -
Complications
Infected pancreatic 3 (20) 1(10) 1
necrosis
Renal failure 1 (6.6) 0 1
Respiratory failure 2 (13.3) 0 0.1
Bleeding 1(6.6) 0 1
Any of the above 4 (26.6) 1 (10) 0.6
complications
Total hospital stay, 30.6 (18.1-43) 21.2 (17.7-24.6) 0.1

mean (95% CI)

an “NG” or an “NI” tube. Furthermore, both approaches
were equally effective in providing the nutritional support
needed, caloric goals were reached in similar time intervals
and length of hospital stay was not different.

A first interesting result regards the rate of spontane-
ous tube migration after bedside positioning, without
endoscopic or radiologic assistance. The feeding tube
migrated to a NI position in 40% of cases, and patients
with the NG tube had a significantly higher CT' scan se-
verity index. Bedside tube positioning caused only few
mild complications without differences between the two
groups, but no cases of aspiration pneumonia occurred.
This finding is relevant, as although delivery of feeding
into the small bowel should be associated with a lower risk
of aspiration, there are few data supporting this view!"

The rate of spontanecous distal tube migration with
unguided probing is considered to be around 50% in
patients admitted to intensive care units (ICU) for dif-
ferent diseases!"”. Few studies have reported these data
specifically for patients with predicted SAP, with suc-
cess rates of spontaneous migration ranging from 60%
to 80%**, Our results are in agreement with a recent
French study reporting an overall successful migration
in 61% of patients with either mild or severe AP, with
this rate being reduced to 48% in SAP patients having a
CT severity index score = 4°'. Similarly, in our experi-
ence, in all patients with extensive pancreatic necrosis (CT
severity index > 0), the tube did not migrate beyond the
pylorus, and the CT index seemed a risk factor associated
with failed spontaneous migration. These data may be
explained by an impaired transpyloric migration due to
gastroparesis, or to mechanical obstacles caused by local
oedematous reactions and/or fluid collections present in
the most advanced SAP cases.

As far as tolerability and safety are concerned, we have
not observed any significant difference between patients
receiving EN either by NG or NI tube. The nutritional
goal was reached in 93% of NG patients and 80% of
NI. Our findings seem to be in agreement with those
published by Eatock ez a/'”, who had randomized 49 SAP
patients into two groups, administering EN through NG
tube in 27 cases and through NI tube in the remaining 22.
Patients had been monitored daily by severity index and
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pain score to evaluate changes in AP severity due to enter-
al feeding, and during hospital stay groups behaved simi-
larly, no matter the kind of EN used. Another two rand-
omized clinical trials"*'"” dealing with NG enteral feeding
have supported the safety and efficacy of this nutritional
route, and subsequent meta-analyses confirmed the lack
of difference between the two approaches, although the
paucity of available data was underlined as a factor limit-
ing the evaluation™?,

Regarding clinical outcomes, we have not found any
significant difference in terms of complications, mortality
and length of hospital stay between the two groups, al-
though most complications occurred in patients receiving
NG feeding (Table 4). This small, not significant gap is
probably due to a higher prevalence of extensive necrosis
in the NG group, accordingly to the significant higher
CT scotes of these patients at entry. However, since our
group of predicted SAP patients did not experience pro-
longed organ failure which is a key event in discriminating
patients with more severe forms™. and we observed ab-
sence of mortality in both groups, the findings obtained
in our study may not apply to patients with SAP and pro-
longed multiple organ failure.

This is the first study of its kind observing the out-
come of EN in SAP patients in a “real world” clinical
setting, with the study protocol driven by the need to have
more solid grounds in making clinical decisions about eve-
ryday medical care circumstances. Both the proximal and
the distal enteral approaches result to be feasible, safe and
effective in most patients.

The working hypothesis we wanted to test, and that
seems to be confirmed by our results, was that when spon-
taneous tube migration fails EN can be safely administered
through NG tube. This issue has a relevant impact on eve-
ryday clinical practice as the main limit to EN usage in AP
is the technical difficulty in obtaining small bowel access,
as reported by 72% of ICUs joining a national survey in
Canada™,

Of course, the present non-randomized study design
cannot highlight the potential benefits of NG nutrition,
such as the possibility of immediate start of EN after tube
positioning, but only the potential harms caused by stimu-
lation of pancreatic function. However our observation
may support the need for further clinical research aimed
at clarifying this issue. Furthermore, as the rate of spon-
tancous distal migration of the nutrition tube, and factors
related with it, was one of the results the study was aimed
at identifying, the design could not imply a randomization
between NG and NI, nor a power calculation. As a con-
sequence, it is possible that differences between groups
have not been appreciated due to underpowered samples.
In this view, the ongoing multicentre trial on gastric »s
mid-jejunal feeding funded by the National Institutes of
Health will probably provide further important informa-
tion (http://clinicaltrials.gov Identifier: NCT00580749).

In conclusion, spontaneous distal tube migration in
patients with predicted SAP is successful in 40% of pa-
tients, and CT severity index is higher in patients with
failed distal migration of the nutrition tube. EN admin-
istered by NG or NI tubes seems to provide equal safety,
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tolerability and efficacy, even if mote results are necessary
to validate the routinely use of NG tubes in SAP patients.

COMMENTS

Background

Severe acute pancreatitis (SAP) requires an adequate nutritional support. En-
teral nutrition (EN) should be preferred to total parenteral nutrition in patients
with SAP, as it is associated with reduced mortality and complications. How-
ever, in clinical practice EN is employed far less frequently than it should. The
main obstacle to EN diffusion is that it is considered complicated, as to ensure
full pancreatic rest, nutrition tubes should be placed in the jejunum, requiring
often troublesome procedures. In the past few years, it has been proposed that
EN through nasogastric (NG) tubes may be a simple, safe and equally valid
alternative to nasojejunal tubes.

Research frontiers

The authors speculated that a pragmatic possibility in real-world clinical prac-
tice would be to employ NG feeding whenever tube migration to the jejunum of
bedside inserted feeding tubes does not occur spontaneously. They therefore
aimed at assessing the rate of spontaneous distal migration of EN tubes in pa-
tients with predicted SAP, to identify possible factors associated with it, and to
compare the safety and tolerability of EN with an elemental formula in patients
who started nutrition with a “proximal”, NG or a “distal”, naso-intestinal (NI)
tube, depending on the success of spontaneous tube migration.

Innovations and breakthroughs

The authors found that spontaneous tube migration to a NI site occurred in
10/25 (40%) prospectively enrolled SAP patients, while in 15 (60%) nutrition
was started with a NG tube. Groups were similar for demographics and pan-
creatitis aetiology but computed tomography (CT) severity index was higher in
NG tube patients than in NI (mean 6.2 vs 4.7, P = 0.04). The CT index seemed
a risk factor for failed obtainment of spontaneous distal migration. EN trough
NG or NI tube were similar in terms of tolerability, safety, clinical goals, compli-
cations and hospital stay.

Applications

This is the first study of its kind observing the outcome of EN in SAP patients in
a “real world” clinical setting, with the study protocol driven by the need to have
more solid grounds in making clinical decisions about everyday medical care
circumstances. Both the proximal and the distal enteral approaches resulted to
be feasible, safe and effective in most patients. This issue has a relevant impact
on everyday clinical practice as the main limit to EN usage in AP is the technical
difficulty in obtaining small bowel access.

Peer review

NG tube insertion, a simpler approach, will probably replace total parenteral
nutrition and nasojujunal feeding in the near future. Therefore, despite the small
number of patients, this paper is suitable for publication after revision.
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Abstract

AIM: To characterize clinicopathological and familial
features of early-onset colorectal cancer (CRC) and
compare features of tumors with and without micro-
satellite instability (MSI).

METHODS: Forty-five patients with CRC aged 45 or
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younger were included in the study. Clinical informa-
tion, a three-generation family history, and tumor
samples were obtained. MSI status was analyzed and
mismatch repair genes were examined in the MSI fam-
ilies. Tumors were included in a tissue microarray and
an immunohistochemical study was carried out with a
panel of selected antibodies.

RESULTS: Early onset CRC is characterized by advanced
stage at diagnosis, right colon location, low-grade of
differentiation, mucin production, and presence of pol-
yps. Hereditary forms represent at least 21% of cases.
Eighty-one percent of patients who died during follow-
up showed a lack of expression of cyclin E, which could
be a marker of poor prognosis. p-catenin expression
was normal in a high percentage of tumors.

CONCLUSION: Early-onset CRC has an important fami-
lial component, with a high proportion of tumors show-
ing microsatellite stable. Cyclin E might be a poor prog-
nosis factor.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

The prevalence of colorectal cancer (CRC) has been in-
creasing during recent years. In 2004, it had the second
highest incidence of all cancers and was the second
most common cause of cancer-related death in the Eu-
ropean Union", Early onset CRC is infrequent, with an
incidence of 2%-8% of all CRCs. In the United States,
between 1992 and 2005, the incidence of CRC in young
individuals (ages 20-49 years) increased at a rate of 1.5%
per year in men and 1.6% per year in women®.

Early onset of cancer is an indicator that a hereditary
component is more likely. The most frequent hereditary
form of CRC is Lynch syndrome. It is estimated to rep-
resent about 2%-5% of all CRCs, and is characterized
by the development of CRC (and other types of cancer)
at a mean age of 43 years””., Its molecular basis is a
DNA mismatch repair (MMR) gene defect, which leads
to changes in the length of repetitive DNA sequences,
known as microsatellite instability (MSI).

The proportion of MSI tumors found in young pa-
tients varies between 19.7% and 41%, depending on the
age of onset””. On the other hand, Lynch syndrome is
estimated to cause about 1/3 of the CRC cases occutting
at a young age'™™'*'!!. There are some controversial aspects
to the natural history and prognosis of early onset CRC,
and some clinical and pathological differences compared
to CRC in elderly patients®. Early onset CRCs are local-
ized mostly in the right colon, are frequently pootly dif-
ferentiated, show mucin production, and can develop syn-
chronous and metachronous tumors'”. These differences
are more matked in cases with a family history suggestive
of Lynch syndrome, or with molecular characteristics like
MSI[8,12»14].

There is little information about microsatellite stable
(MSS) forms of CRC in young adults, not only regarding
their anatomoclinical features but also regarding their mo-
lecular characteristics. For example, there is an increased
proportion of MSS tumors in young patients with rectal
cancer”. Furthermore, several studies show that some al-
terations in molecular markers typical of MSS eartly onset
CRCs also occur in sporadic cases of CRC, such as modi-
fied expression of APC, B-catenin and p53”.

The aim of our study was to characterize eatly onset
CRC by analyzing its clinical, pathological, familial, molec-
ular, and immunohistochemical IHC) features. We have
determined the proportion of Lynch syndrome in our
series, and have compared the characteristics of the MSS
and MSI groups.

MATERIALS AND METHODS

Families, samples and data collection

A total of 45 individuals diagnosed with CRC at an
age of 45 or younger were collected from two differ-
ent Spanish institutions (Gregorio Marafién Hospital in
Madrid, and Segovia General Hospital). All patients, or
a first degree relative in case of death of the index case,
provided written consent.
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A full three-generation family medical history and
colorectal paratfin-embedded tumors were obtained from
each proband.

Personal and tumor clinicopathological information
was obtained regarding age of onset, gender, location of
the CRC (tight/left colon or rectum), grade of cell dif-
ferentiation (low, medium, or high), mucin production,
modified Astler-Coller stage, the existence of polyps, and
the presence of synchronous or metachronous CRCs.
Mean follow-up was 60 mo.

To analyze the familial cancer history of each index
case, we divided the neoplasms into two groups: Lynch
syndrome-related tumors, and Lynch syndrome-unrelated
tumors.

DNA extraction

A tissue specimen was obtained from the index case. Prior
to DNA extraction, tumor and normal areas of the paraffin-
embedded samples wete selected 2z microscopic inspection.
The proportion of tumor cells in the material used for DNA
extraction exceeded 70% in all cases. DNA was extracted
using proteinase K digestion, phenol-chloroform extrac-
tion, Phase Lock Gel™ Light (Eppendorf AG, Germany),
and EtOH protocol precipitation.

MSI and MMR immunohistochemistry analyses
Microsatellite status was assessed using the BAT-26 mono-
nucleotide marker, based on its high sensitivity"*"". How-
ever, in order to discard false negative results, all BAT-26
MSS cases fulfilling the Amsterdam [ criteria”, were
analyzed using the Bethesda panel. BAT-26 was PCR am-
plified and fragments were evaluated using an ABI auto-
mated sequencer and GeneScan Software. For analysis of
the Bethesda panel, we used the HNPCC Microsatellite
Instability Test kit (Roche, Mannheim, Germany).

IHC staining for markers of the following processes
was performed: MMR; apoptosis; cell adhesion; cell cycle;
proliferation, and others. Markers and clones used are
shown in Table 1. All samples were fixed onto a tissue mi-
croarray, on which the IHC analysis was carried out.

Scoring of tumor staining was done without any
knowledge of the patients’ family history or results of
mutation analyses.

Detection of mutations and large deletions

Cases showing MSI and/or lack of expression of MMR
proteins in tumors were screened for germline mutations
in the DNA MMR genes MILH7 and MSH2, by denatur-
ing gradient-gel electrophoresis (DGGE) on a DCode
System (BioRad), using primers and denaturing conditions
previously reported, with slight modifications™. Some
samples were analyzed by denaturing high-performance
liquid chromatography (dHPLC) (http://insertion.stan-
ford.edu/melt.html). When an anomalous band pattern
was observed by DGGE or dHPLC, a new PCR product
of the fragment was sequenced, using the BigDye Ter-
minator v3.1 Cycle Sequencing Kit (Applied Biosystems)
and analyzed with a Genetic Analyzer ABI Prism 3130
(Applied Biosystems).
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Marker Supplier Clone
Mismatch repair system proteins
Mih1 BD PharMingen G168-15
Msh2 Oncogene FE11
Mshé6 BD Transduction Lab. 44
Apoptosis
Bcl-2 DAKO 124
Cell adhesion
B-catenin BD Transduction Lab. 14
E-cadherin Zymed 4A2C7
Cell cycle markers
Chk2 Novocastra DCS 270.1
Cyclin A Novocastra 6E6
Cyclin D1 NeoMarkers SP4-rabbit
Cyclin D3 Novocastra DCS-22
Cyclin E Novocastra 13A3
plé Santa Cruz F-12
p21 (WAF1) Oncogene EA10
p27 BD Transduction Lab. 57
RB-P Santa Cruz Poli-rabbit
Skp2 Zymed 1G12E9
Cdk2 NeoMarkers 8D4
Proliferation
p53 Novocastra DO-7
Ki-67 DAKO MIB-1
Others
CK20 DAKO Ks20.8
RAD50 Abcam 2C6
SMAD4 Santa Cruz B8
Statistical analysis

Continuous variables were expressed as the median values
plus/minus SD, and categorical variables were expressed
as number of cases and their percentage. Differences
were considered significant when P < 0.05. For associa-
tions between clinicopathological, familial and molecular
features, and MSI status, statistical analyses were pet-
formed using Pearson’s XZ test for parametric variables,
and Fisher’s exact test for non-parametric variables.
When those features were continuous vatiables, Student’s
#-test was used, as well as for some familial features, to
compare the differences between both groups. The SPSS
v.11.5 for Windows (SPSS, Inc., Chicago, IL) statistical
package was used.

RESULTS

Clinicopathological features

We studied a total of 45 subjects diagnosed with CRC at
an age of 45 years old or younger. Clinicopathological
characteristics of all cases are shown in Table 2. A high
proportion of tumors were located in the right side of the
colon (45%). The proportion of pootly differentiated tu-
mors was also notable (16%). The proportion of mucin-
producing tumors (mucinous tumors and “signet ring”
cell tumors) was 33% of all cases. More than 50% of all
tumors were in an advanced stage when diagnosed, with
lymph-node involvement and/or distant metastasis. Other
rematkable features were incidence of polyps found dur-
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Global MSS MsI P D
Patients 45 (100) 29 (69)" 13 (31)"
Median age of onset 39 (25-45) 41 (25-45) 37 (32-42) 0.03°
(range, yr)
Sex

Male 23 (51) 13 (45) 7 (54)

Female 22 (49) 16 (55) 6 (46) NS
Location

Right colon 20 (45) 11 (38) 9 (69)

Left colon 15 (33) 11 (38) 2 (16)

Rectum 10 (22) 7 (24) 2 (15) NS
Tumor differentiation

Well 2(4) 2(7) 0(0)

Moderate 36 (80) 23 (79) 10 (77)

Poor 7 (16) 4 (14) 3(23) NS
Mucin production 15 (33) 5(17) 5(39) NS
“Signet ring” cells 4(9) 0/29 (0) 4/13 (30) 0.006
Modified Astler
Coller stage

A 3(7) 2(7) 0(0)

B 17 (38) 12 (41) 5(39)

C 15 (33) 7 (24) 6 (46)

D 10 (22) 8 (28) 2 (15) NS
Associated polyps 15 (33) 10 (35) 4 (31) NS
during follow-up
Synchronous or 3(7) 1(3) 1(8) NS
metachronous CRCs
Familial history of
cancer

Lynch-related 18 (40) 5(17) 1185) <0.01

neoplasms in family

Lynch unrelated 12 (27) 8 (28) 7 (54) 0.02

neoplasms

Sporadic cases 27 (60) 24 (83) 2(15) <0.001

'Proportions were calculated for 42 tumors; *Statistical comparison between
microsatellite stable (MSS) and microsatellite instability (MSI) groups was
performed using Student’s t test. CRC: Colorectal cancer; NS: Not significant.

ing follow-up (33%) and three cases (7%) of synchronous
and metachronous CRCs. Adenomatous polyps were the
most frequently observed type of polyp (13/15).

Median overall survival was 60 mo, while Median Free-
Disease Survival was 48 mo. Twenty-three point nine per
cent of the patients showed recurrence during follow-up,
and overall mortality was 38% (17 patients).

Familial features

Table 2 shows the familial cancer history data. One patient
was a case with familial adenomatous polyposis (FAP); 27
(60%) were sporadic cases with Lynch syndrome (without
Lynch syndrome-associated neoplasms in their families),
while 20% showed familial aggregation, and eight fulfilled
Amsterdam 1T criteria. Apart from CRC, the other most
frequent tumors were endometrial adenocarcinoma (six
families) and gastric cancer (four families). Twelve families
(27%) had other neoplasms not related to Lynch syn-
drome; the most frequent ones being breast cancer (four
cases), larynx cancer (three cases), and leukemia (three
cases).
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Normal Lack of
expression expression
Mismatch repair system proteins
Mih1 24 (86) 4 (14)
Msh2 24 (86) 4 (14)
Mshé6 23 (88) 3(12)
Apoptosis
Bcl-2 7 (25) 21 (75)
Cell adhesion
B-catenin
Membrane 24 (86) 4 (14)
Nucleus 10 (36) 18 (64)
E-cadherin 19 (73) 7 (27)
Cell cycle markers
Chk2 13 (54) 11 (46)
Cyclin A 13 (46) 15 (54)
Cyclin D1 12 (43) 16 (57)
Cyclin D3 12 (43) 16 (57)
Cyclin E 8 (30) 19 (70)
plé 13 (48) 14 (52)
p21 14 (56) 11 (44)
p27 12 (52) 11 (48)
RB-P 13 (48) 14 (52)
Skp2 12 (46) 14 (54)
Cdk2 13 (48) 14 (52)
Proliferation
p53 15 (54) 13 (46)
Ki-67 17 (63) 6 (37)
Others
CK20 10 (59) 7 (41)
RAD50 10 (63) 6 (37)
SMAD4 13 (54) 11 (46)

"Not all tumors could be studied by immunohistochemical.

Molecular features

Forty-two of the 45 cases were studied for MSI. The three
excluded cases were: the FAP case, with an APC gene
germline mutation (c.916delCT), and two additional
cases, due to lack of paraffin embedded tumor tissue.
Thirteen tumors (31%) showed MSI and the remaining
29 were therefore defined as MSS.

Blood samples were taken from the MSI index cases
for MILH7 and MSH2 mutation screening. MSHG was
not studied because none of the tumors showed lack of
Msh6 protein alone in IHC analysis. Eight of the 13 ana-
lyzed cases (62%0) showed a pathogenic germline mutation
in one of the MMR genes: three cases had a mutation in
MI_HT1, and five cases had a mutation in MSHZ2. None of
the MSS tumors showed lack of expression of MMR pro-
teins in the IHC study.

IHC studies with the remaining antibodies were cat-
ried out on 28 cases (Table 3). A remarkable finding was
the high proportion of tumors lacking expression of cyc-
lin E, especially in those patients who died during follow-
up (9/11). Similatly, all six stage D CRCs included in the
IHC study also showed lack of cyclin E expression. The
lack of cyclin E expression is either an indicator of poor
prognosis or a marker of advanced stage disease. J-catenin
and E-cadherin, two proteins in the Wnt pathway, which
plays an important role in CRC carcinogenesis, were nor-
mal in a high proportion of studied tumors.
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Comparison between MSI and MSS tumors
Clinicopathological features: The comparison of the
clinicopathological characteristics of the two defined
groups (MSS and MSI) is shown in Table 2. Statistically
significant differences were observed in the age of onset,
which was earlier in the MSI cases, and in the presence of
“signet-ring cell” tumors, which were absent in the MSS
group. No statistically significant differences wete found
in the other variables analyzed, probably due to the small
sample size. However, it is important to undetline that
the MSI CRCs were more frequently located proximally
(69%), were poortly differentiated with higher mucin pro-
duction, and were associated with other CRCs. The fre-
quency of polyps during follow-up was the same in MSS
and MSI tumors (35% and 31%, respectively). Another
remarkable feature was that more than a half of all cases
were diagnosed at an advanced stage (with lymph node
involvement and/or distant metastasis, stages C or D):
52% for MSS and 61% for MSI.

There might be a trend towards a better prognosis for
the MSI group when compared with the MSS group, but
without reaching statistical significance: 62 mo »s 48 mo
for median overall survival, and 62 mo »s 29 mo in terms
of median disease-free survival. Mortality was higher in
the MSS group (41%) than in the MSI group (31%).

Familial features: Table 2 shows familial cancer infor-
mation and results obtained from the comparison of the
MSS and MSI families. MSI cases are more frequently as-
sociated to Lynch-related neoplasia. On the other hand,
the proportion of sporadic cases is very high in MSS tu-
mors (83%).

Molecular features: The comparison of the IHC study
in MSI and MSS tumors is shown in Table 4. None of the
MSS tumors demonstrated lack of expression of MMR
proteins in the IHC study. There was, as mentioned above,
a good correlation between MSI and the IHC study of
the MMR proteins.

Normal expression of B-catenin reached the same
proportion (86%) in both types of tumors, indicative of
the integrity of the Wnt signalling pathway in eatly age-
of-onset CRCs. The high rate of MSI tumors with lack of
expression of CK20 and RADS50 was also remarkable.

DISCUSSION

Early onset of CRC in young adults used to be considered
to be rare, but many recent reports suggest not only that
early onset CRC reaches 8% of all CRCs, but also that
it might be increasing“’zj. Similarly, it is a common belief
that early onset CRC is mainly related to hereditary forms,
especially to Lynch syndrome. In our study, the presence
of a familial background of CRC is confirmed in 38% of
the cases, 18% fulfilling Amsterdam criteria type I for
Lynch syndrome. Hereditary forms of CRC were con-
firmed in nine patients of the present series. One was a
FAP case with an APC germline mutation, and the other
eight cases were Lynch syndrome. The rate of MSI in
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IHC expression P
MSS MSI
Normal Lack Normal Lack
MMR system proteins
Mih1 20 (100)  0(0) 4 (50) 4 (50) 0.010
Msh2 21 (100) 0(0) 3 (43) 4 (57) 0.002
Ms6 21 (100) 0(0) 2 (40) 3 (60) 0.004
Apoptosis
Bcl-2 5(04) 16(76) 2(29) 5(71) NS
Cell adhesion
B-catenin
Membrane 18 (86) 3(14) 6(86) 1(14) NS
Nucleus 38 13(62) 2(29 5(71) NS
E-cadherin 15 (75) 5(25) 4 (60) 2 (40) NS
Cell cycle markers
Chk2 10 (53) 9(47)  4(60) 2 (40) NS
Cyclin A 8(38) 13(62) 5(71) 2(9 NS
Cyclin D1 7(3) 14(67) 5(71) 229 NS
Cyclin D3 8(38) 13(62) 4(57) 3(43) NS
Cyclin E 3(14) 18(86) 5(83) 1(17)  0.004
pl6 943) 12(57) 4(67) 2(33) NS
p21 10 (53) 9(47) 4(67) 2(33) NS
p27 8(44) 10(56) 4 (80) 1 (20) NS
RB-P 11 (55) 9(45) 2(29) 5(71) NS
Skp2 9(43) 12(57) 3 (60) 2 (40) NS
Cdk2 943) 12(57) 4(67) 2 (33) NS
Proliferation
p53 11(52) 10(48) 5(57) 3 (43) NS
Ki-67 14 (67) 7(33)  3(50) 3 (50) NS
Others
CK20 9 (75) 3(25) 1(20) 4 (80) NS
RAD50 9 (75) 3(25) 1(25) 3 (75) NS
SMAD4 11 (55) 9(45)  2(50) 2 (50) NS

IHC: Immunohistochemical, MSS: Microsatellite stable; MSI: Microsatellite
instability; MMR: Mismatch repair; NS: Not significant.

our seties is similar to that described in previous studies,
ranging between 19.7% and 41%'”. Twenty-nine cases
showed MSS. This group showed a predominance of spo-
radic cases. Nevertheless, there were cases that showed a
positive family history. Some of them might be associated
to Familial CRC type X, namely cases with MSS tumors
but fulfilling Amsterdam criteria for Lynch syndrome®*?.,
These findings, however, undetline the important, but not
unique role, of the known hereditary factors in this age
group, prompting further searches for additional causative
genes for inherited CRC.

The total sample of eatly age-of-onset CRCs is chat-
acterized by an important proportion of tumors that are
localized in the right colon (44%), have a low-grade of
differentiation (16%), produce mucin (33%), and have as-
sociated polyps (33%). Regarding pathological features, the
strong trend towards low-grade differentiation and mucin
production of tumors in this age group is desctibed in the
literature!”. Other characteristics, such as synchronous and
metachronous CRCs (7%) and the appearance of predom-
inantly adenomatous polyps during the follow-up in a third
of the cases, have rarely been studied previously™"”

Another finding is the advanced stage of the tumors at
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diagnosis, with more than half of the cases presenting with
lymph node and/or distant metastasis in the pathologi-
cal exam. This is the consequence of a delay in diagnosis,
which is a characteristic of these early age-of-onset CRCs
reported repeatedly in the literature™*",

The results obtained with the cyclin E antibody in the
IHC study atre quite remarkable. High levels of cyclin E, a
G1/S phase transition controller, are found in many dif-
ferent tumors, including CRCs™, Cyclin E expression
has only been evaluated in sporadic forms of CRC, with
a variable value as a prognostic factor. Some publications
suggest that lack of expression of cyclin E is associated
with a faster growth of CRC, but others suggest the op-
positem’%’m. Seventy per cent of our tumors showed lack
of expression of this marker, especially the group of MSS
CRCs, in which the proportion reached 86%, while the
opposite occurred in the MSI group. The lack of expres-
sion of cyclin E might be associated with a poor progno-
sis, because expression was absent in most patients who
died during follow-up (9/11), and all six stage D CRCs
included in the IHC study also showed lack of expres-
sion of cyclin E. This was observed in both the MSS and
the MSI groups, and in the latter group, the only case
that showed lack of expression also died during follow-
up. Although the sample size is small and the results must
therefore be taken with caution, data related to cyclin E
as a factor of poor prognosis must be validated in a larger
series. In fact, it would be interesting to see if lack of
expression of cyclin E corresponds with a subgroup of
patients with apparently stable, near-diploid chromosomes
and MSS (MACS); CRC in these patients shows an ag-
gressive pattern and the MACS phenotype appeats to be
overrepresented in early-onset tumors™*,

Another important finding of the present study is
related to the Wnt pathway. We found a high proportion
of normal expression of B-catenin. This protein is an
indicator of Wnt pathway dynamics"”
sion of [B-catenin, mainly in the nucleus, is considered a
good marker of the activity of the Wnt pathway"”*?. The
activation of this pathway often occurs in MSS tumors,
but also in MSI tumors, independent of the age of on-

et™. Our findings, however, might indicate that the Wnt
pathway is not involved in a substantial proportion of our
early onset CRCs.

Early onset CRC is a heterogeneous group. To clas-
sify different subtypes with common etiology, the use of
tools, such as MSI or IHC for MMR proteins, to identify
an MMR system deficiency or an intact system (MSS)
might be an appropriate and useful approach. All clinico-
pathological features analyzed in the global series tend to
be more marked when the series is divided into MSI and
MSS groups. MSI eatly onset CRCs showed characteristics
similar to Lynch syndrome: earlier age of onset, predomi-
nant location in the right colon, and a high proportion of
pootly differentiated tumors, in accordance with previous
reports™”. The same occurs with an elevated proportion
of mucin-producing tumors (39%), and “signet-ring” cell
tumors. MSS, on the contrary, are tumors that have an

, and the expres-
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older age of onset, are mainly located in the left colon,
and have a low proportion of mucinous or “signet ring”
cell tumors.

From the molecular point of view, our data must be
confirmed in a larger series to reach more reliable conclu-
sions. Nevertheless, some results should be emphasized.
There is a good correlation between the lack of expres-
sion of MMR proteins and MSI. This is in agreement with
published data, showing a positive prospective value of
the THC of 88%-100%"*", Cyclin E is expressed in most
of the MSI tumors, and the opposite occurs in the MSS,
as published for sporadic CRC"". We found a normal ex-
pression of B-catenin in most MSI and MSS tumors. Our
results contradict published findings for sporadic CRC, in
which a high proportion of MSS tumors show an abnor-
mal expression of B-catenin (90%), which decreases to
65% in MSI tumors”"". There are few published studies
focused on early onset CRC but in these the proportion
of abnormal (3-catenin expression is still significant (77.2%
and 42.9% for MSS and MSI, respectively)®. Our results,
however, should be confirmed by comparing them with
control groups of CRCs, to exclude the possibility that
technical differences or differences in interpretation of
the staining patterns, might explain these contradictory
findings.

Early onset CRC has an important proportion of
hereditary forms of CRC. The apparent lack of involve-
ment of the Wnt pathway is important, as is the possible
value of cyclin E as a poor prognosis factor in early on-
set CRC. The advanced stage at diagnosis, as well as the
still not fully understood group of MSS tumors, should
promote a strong effort to diagnose these tumors at an
earlier stage, providing a better understanding of MSS
early onset CRC.
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Background

Initially early-onset colorectal cancer (CRC) was thought to be a group mainly
composed by hereditary forms of CRC (Lynch syndrome), as early-onset is a
characteristic of hereditary forms of cancer, and because of that, most of the
publications focused on the hereditary component of this group of CRC.

Research frontiers

There is a larger group of hereditary forms of CRC, compared with that arising
in the older population. However, there is an important proportion of tumors that
apparently do not show characteristics of the already known hereditary forms of
CRC, and which are not well studied.

Innovations and breakthroughs

This is the first time that a complete approach (clinicopathological, familial, mo-
lecular, and immunohistochemical) to the early-onset CRC has been performed.
The authors have identified certain characteristics that seem to be more
frequent in the early-onset CRC. The proportion of hereditary forms, though,
represents a relatively small amount of the cases, and some interesting findings
are presented that allow prognozing of these patients.
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Applications

This is the first step towards a deeper understanding of early-onset CRC, an en-
ity that is increasing in an especially sensitive group of population.

Peer review

The authors present an in depth analysis of young patients (< 45 years) pre-
senting with CRC. Though the sample is small (n = 45) they perform a com-
parative analysis between those cases that are microsatellite stable and those
that show microsatellite instability.
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Abstract

AIM: To evaluate the overlap of autoimmune hepatitis
in hepatitis C virus (HCV)-infected patients with in-
tense interface hepatitis.

METHODS: Among 1759 patients with hepatitis C
submitted to liver biopsy, 92 (5.2%) presented intense
interface hepatitis. These patients were evaluated re-
garding the presence of antinuclear antibody (ANA),
anti-smooth muscle antibody (SMA) and anti-liver/kid-
ney microsomal antibody (LKM-1), levels of y-globulin
and histological findings related to autoimmune hepati-
tis (plasma cell infiltrate and presence of rosettes).
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RESULTS: Among patients with hepatitis C and in-
tense interface hepatitis there was a low prevalence
of autoantibodies (ANA = 12%, SMA = 5%, LKM-1 =
0%) and the median y-globulin level was within the
normal range. Typical histological findings of autoim-
mune disease were observed in only two cases (2%).
After applying the score for diagnosis of autoimmune
hepatitis, only one patient was classified with a defini-
tive diagnosis of autoimmune hepatitis. Since overlap
with autoimmune hepatitis was not the explanation for
the intense necroinflammatory activity in patients with
chronic hepatitis C we sought to identify the variables
associated with this finding. The presence of intense
interface hepatitis was associated with more advanced
age, both at the time of infection and at the time of
the biopsy, and higher prevalence of blood transfusion
and alcohol abuse.

CONCLUSION: Although possible, overlap with au-
toimmune hepatitis is a very rare association in HCV-
infected patients with intense interface hepatitis, an
unusual presentation which seems to be related to
other host variables.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Hepatitis C is the main cause of liver-related morbidity
and mortality and represents a worldwide public health
problem", An estimated 170 million individuals are in-
fected with hepatitis C virus (HCV), corresponding to 3%
of the world population”,

Infection with HCV is charactetized by a high chronic-
ity rate (70% to 85%)", progression to cirrhosis in 20%
to 30% of cases' ¥ and the development of hepatocarci-
noma in 5% of patients”. In addition, this infection repre-
sents the most common indication for liver transplantation
wotldwide".

Histological analysis of patients chronically infected
with HCV usually reveals some degree of fibrosis, genet-
ally associated with the presence of mild or moderate
necroinflammatory activity''. However, a histological
pattern demonstrating intense interface hepatitis has been
reported’>. In these cases a possible association with au-
toimmune hepatitis has been suggested, raising doubts re-
garding the correct diagnosis and the establishment of ad-
equate treatment' %, The objective of the present study
was to evaluate the overlap with autoimmune hepatitis in
HCV-infected patients with intense interface hepatitis.

MATERIALS AND METHODS

Patients

Patients chronically infected with HCV followed up at
the Federal University of Sao Paulo between 1993 and
20006, who were submitted to a liver biopsy, were studied.
The inclusion criteria were chronic infection with HCV
(characterized by HCV-RNA positivity) and the presence
of intense interface hepatitis upon histological analysis.
Patients previously treated or who were HBsAg-positive
were excluded.

A control group consisting of patients chronically
infected with HCV, who presented absent, mild or modet-
ate interface hepatitis, was included in order to evaluate
if an eventual association of autoimmune hepatitis with
hepatitis C was restricted to patients with intense necro-
inflammatory activity. In the absence of such association,
a comparison with the control group was performed to
evaluate other factors possibly related to intense intet-
face hepatitis. This control group was randomly selected
from the database of the Hepatitis Outpatient Clinic of
the Federal University of Sao Paulo (1:1 ratio). The same
exclusion ctiteria were adopted for the control group. For
the comparative analysis, patients with associated diseases
[human immunodeficiency virus (HIV), end-stage renal
disease and kidney transplant] were excluded from both
groups.

The study was approved by the local Ethical Committee.

Epidemiological characteristics

The patients were evaluated regarding gender, age, esti-
mated duration of infection, age at the time of infection,
abusive alcohol consumption (men > 40 g/d and women
> 20 g/d), the presence of parenteral risk factors (in-
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travenous drug use, hemodialysis or blood transfusion
before 1992) and associated diseases (HIV, end-stage re-
nal disease and kidney transplant). This information was
recovered from charts where the data were systematically
evaluated with a standardized questionnaire. The dura-
tion of infection was evaluated in patients with paren-
teral risk factors and was estimated from the first year of
intravenous drug use or hemodialysis or from the year
of first transfusion in patients who had received blood
transfusions before 1992.

Laboratory tests

The liver enzymes alanine aminotransferase (ALT), aspar-
tate aminotransferase (AST), y-glutamyltransferase (GGT)
and alkaline phosphatase were assayed by an automated
kinetic method and were expressed as the following index:
value obtained/upper limit of normal. y-globulins were
assayed by electrophoretic fractionation on agarose gel
and densitometry. All biochemical tests were performed
within a petiod of 3 mo from the date of the liver biopsy.

Antinuclear antibody (ANA), anti-smooth muscle anti-
body (SMA), anti-liver/kidney microsomal antibody (anti-
LKM) and anti-mitochondrial antibody were determined
by indirect immunofluorescence and the titer was consid-
ered significant when higher than 1/40.

The patients were tested for the presence of HBsAg
and ant-HIV-1/2 using commercial kits (Abbott Labora-
tories, Chicago, IL, USA). Anti-HCV was determined with
a third-generation enzyme immunoassay (Abbott Labo-
ratories, Chicago, IL, USA). Qualitative HCV-RINA was
detected by PCR using the Amplicor® Hepatitis C Virus
Test, version 2.0 (Roche Molecular Systems, Branchburg,
NJ, USA), with a detection limit of 50 IU/mL. HCV ge-
notyping was performed by VERSANT HCV Genotype
Assay - LiPA (Innogenetics N.V,, Belgium).

Histological analysis

A liver biopsy was indicated in all patients, irrespective of
ALT levels. Liver tissue fragments were obtained by per-
cutaneous biopsy with a Tru-cut® needle. The liver biopsy
slides were stained with hematoxylin-eosin, Masson’s tti-
chrome, Prussian blue (Perls’ stain), and silver for reticular
fibers (Gomoti’s stain), and wete reviewed by a single pa-
thologist who was unawate of the clinical data. Histologi-
cal analysis included the determination of the grade of
interface hepatitis and of the stage of fibrosis, which were
assessed using a semiquantitative scoring system accord-
ing to Ludwig". Patients were classified as having intense
interface hepatitis if they presented a score of periportal
activity = 4, in a scale varying from 0 (no inflammation) to
4 (intense necroinflammatory activity).

In order to better characterize the presence of even-
tual histological components suggestive of autoimmune
injury, the presence of plasma cell infiltrate and rosettes
was also analyzed.

Scoring system for diagnosis of autoimmune hepatitis
All patients were evaluated regarding the reviewed interna-
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Intense interface Group 1 Group 2 P
hepatitis (7 = 92) (n=179) n=179)

Male gender 52 (57) Male gender 44 (56) 49 (62) 0.42

Age (mean + SD, yr) 49.8+10.5 Mean age (mean * SD, yr) 50.8 £10.6 43.9+11.5 <0.001

Age at the time of infection (mean + SD, yr) 29.5+9.8 Alcoholism 22 (28) 10 (13) 0.02

Parenteral risk factor 59 (64) Blood transfusion 37 (47) 23 (29) 0.02

Duration of infection (mean # SD, yr) 20.1+8.7 Intravenous drug use 10 (13) 9(11) 0.81

History of blood transfusion 44 (48) Duration of infection 22279 209+£75 0.49

Intravenous drug use 13 (14) (mean + SD, yr)

Hemodialysis 2(2) Age at the time of 28.6 9.6 23.0+11.2 0.02

Alcoholism 25 (27) infection (mean * SD, yr)

Human immunodeficiency virus-positive 5(5) ALT (xULN) 4.2 (0.3-18.2) 1.8 (0.9-11.3) <0.001

Renal transplant 6(7) AST (xULN) 3.1(0.9-10.4) 1.4 (0.8-5.8) <0.001

End-stage renal disease 2(2) GGT (xULN) 3.8 (0.1-16.4) 1.1 (0.1-10.6) <0.001

Alanine aminotransferase (XULN) 4.1 (0.3-18.2) Alkaline phosphatase 0.8 (0.3-2.1) 1.0 (0.1-3.0) 0.32

Aspartate aminotransferase (xULN) 3.0 (0.9-10.4) (xULN)

y-glutamyltransferase (XULN) 4.1 (0.1-16.4) y-globulin (g/dL) 1.9 (0.7-4.0) 1.7 (0.9-3.7) 0.19

Alkaline phosphatase (xULN) 0.9 (0.3-3.8) ANA positive 9 (11) 79 0.59

y-globulin (g/dL) 1.9 (0.73-5.74) Genotype 1 43/65 (66) 54/79 (68) 0.78

Antinuclear antibody 11 (12)' Cirrhosis 50 (63) 20 (25) <0.001

Anti-smooth muscle antibody 5(5) Parenchymatous activity 43 (55) 3(4) <0.001

Anti-liver/kidney microsomal antibody 0(0) =3

Antimitochondrial antibody 1(1)

Hepeatitis C virus genotype Group 1: Patients with intense interface hepatitis; Group 2: Patients with
Genotype 1 53/77 (69) absent, mild or moderate interface hepatitis. ALT: Alanine aminotransferase;
Genotype non-1 24/77 (31) AST: Aspartate aminotransferase; GGT: y-glutamyltransferase; xXULN: Times

Cirrhosis 53 (58) the upper limit of normal; ANA: Antinuclear antibody.

Parenchymatous activity = 3 50 (54)

Intense plasma cell infiltrate 2(2)

Rosettes 26 (28)

'All antinuclear antibody positive patients presented the speckled pattern;
titers varied from 1/80 to 1/640. xXULN: Times the upper limit of normal.

tional diagnostic criteria for autoimmune hepatitis accord-
. . . s 1
ing to the International Autoimmune Hepatitis Groupl 8

Statistical analysis

The X2 test and Fishet’s exact test were used for statisti-
cal analysis of categorical variables. Numerical variables
were compared between the two groups using the Stu-
dent ~test and Mann-Whitney test. A level of signifi-
cance of 0.05 (a0 = 5%) was adopted.

RESULTS

Among the 1759 patients chronically infected with HCV
submitted to a liver biopsy during the study period, 92
presented intense interface hepatitis, corresponding to
5.2% of the initial sample. The characteristics of these
patients are shown in Table 1.

Among patients presenting intense interface hepatitis,
there was a low prevalence of autoantibodies and the me-
dian y-globulin level was within the normal range. Typical
histological findings of autoimmune disease were ob-
served in only two cases (2%). After applying the scoring
system for diagnosis of autoimmune hepatitis only one
patient was classified as having a definitive diagnosis.

Since overlap with autoimmune hepatitis was not the
explanation for the intense necroinflammatory activity in
patients with chronic hepatitis C, we sought to identify
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the variables associated with this finding, Therefore, we
compared epidemiological, laboratory and histological
characteristics between patients with intense interface
hepatitis and a randomly selected control group consist-
ing of chronic HCV-infected patients with absent, mild
or moderate interface hepatitis. For comparison between
groups, 13 patients with associated disease were excluded
from the group with intense interface hepatitis: 6 patients
with kidney transplant, 5 with HIV co-infection and 2
with end-stage renal disease.

In the group of patients with intense interface hepati-
tis, the subjects were older and the proportions of blood
transfusion and abusive alcohol consumption were higher.
In addition, these patients presented higher levels of ALT
(4.2 »s 1.8, P < 0.001), AST (3.1 »s 1.4, P < 0.001) and
GGT (3.8 »s 1.1, P < 0.001). No difference in the propot-
tion of patients with reactive ANA or serum y-globulin
levels was observed between groups (Table 2).

Regarding liver biopsy, the mean number of portal
tracts observed was 11. Histological aspects are presented
in Table 2. The proportion of patients with moderate to
intense lobular necroinflammatory activity and cirrhosis
was higher in the group with intense interface hepatitis (P
< 0.001).

DISCUSSION

Previous studies have demonstrated that the presence of
intense interface hepatitis in patients chronically infected
with HCV is rare”””. When this finding is present, other
liver diseases, especially autoimmune hepatitis, should be
carefully ruled out. In the present study, 1759 patients
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chronically infected with HCV were initially evaluated
and in 92 of them (5.2%) a liver biopsy revealed intense
interface hepatitis, indicating that, although uncommon,
this finding might be a histological pattern of hepatitis C.

The main objective of the present study was to evalu-
ate the overlap with autoimmune hepatitis in HCV-infect-
ed patients with intense interface hepatitis. In this sample
only two patients (2%) had serological and histological
evidence of autoimmunity in the group with intense
interface hepatitis and only one patient had a definitive
diagnosis of autoimmune hepatitis based on the Interna-
tional Autoimmune Hepatitis Group scoring system'"
Although a 12% prevalence of ANA was found among
the intense interface hepatitis patients, there was no dif-
ference in the proportion of patients with positive ANA
when they were compared to patients with less intense
necroinflammatory activity. In addition, the prevalence of
SMA and anti-LKM was very low in the group with in-
tense interface hepatitis.

No histological lesions typical of autoimmune hepa-
titis were identified in all except two patients and the
proportion of cases presenting a significant plasma cell
infiltrate was very low in patients with intense interface
hepatitis. The high proportion of patients with rosettes
observed in the group with intense interface hepatitis
was not considered as suggestive of autoimmune injury,
since it reflects hepatic regeneration activity as a conse-
quence of greater necroinflammatory activity and can be
observed in other etiologies of liver disease™ . These
findings support the suggestion that overlap with autoim-
mune hepatitis is a very rare association in HCV-infected
patients with intense interface hepatitis and raises the
possibility that some mechanism related to the host-virus
interaction might be responsible for the intense interface
hepatitis observed.

Since overlap with autoimmune hepatitis was not
found in association with intense necroinflammatory
activity in patients with chronic hepatitis C we sought to
identify other variables associated with this finding;

In comparison to the control group, the presence of
intense interface hepatitis was associated with the follow-
ing epidemiological characteristics: more advanced age
both at the time of infection and at the time of the bi-
opsy, and a higher prevalence of blood transfusion and al-
cohol abuse. With respect to age at the time of infection,
a higher necroinflammatory hepatic activity was observed
in patients with more advanced age at HCV infection*”.
However, the mechanisms related to this phenomenon are
still unknown. One hypothesis is that the ability of the im-
mune system to contain the pathological process triggered
by the HCV infection declines with age. It is possible that
the higher proportion of patients with a history of blood
transfusion in the group with intense interface hepatitis,
another association observed in this study, also reflects the
association between more advanced age and intense inter-
face hepatitis, since in this sample patients with a history
of transfusion were older (P = 0.025).

Excessive alcohol consumption was another variable
associated with intense interface hepatitis, suggesting that
alcohol may modify the histological injury induced by
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HCVP?, rendering the disease more aggressive even in
the absence of lesions characteristic of direct alcoholic
hepatic disease. The mechanism whereby alcohol may ag-
gravate the HCV-induced inflaimmatory process remains
obscure.

Analysis of biochemical and histological charactet-
istics demonstrated that patients with intense interface
hepatitis present with more severe liver disease, including
a high proportion of cirrhosis (63%). With respect to liver
enzymes, significantly higher ALT, AST and GGT levels
were observed, an expected finding since elevated amino-
transferases™ and GGT? level