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Abstract

Background: Chronic hepatitis in humans can lead to Hepatocellular Carcinoma (HCC) after persistent cirrhosis. Helicobacter
pylori (H. pylori) infection has been reported to occur very frequently in patients with cirrhosis. Helicobacter spp. have been
correlated with acute and chronic hepatitis in Rhesus monkeys, cats and dogs, and experimental infection by Helicobacter
hepaticus caused Hepatocellular Carcinoma (HCC) in male A/JCr mice following chronic hepatitis. Therefore, we performed a
study to assess the seroprevalence of pathogenic H. pylori infection in Italian patients with HCC that developed following liver
cirrhosis.

Methods: A total of 220 patients (160 males, 60 females,age range 33-88, year old) with HCC and 409 control patients (213
males, 196 females, age range 30-79-year-old), who presented consecutively to the Emergency Department of our Hospital,
were examined. A serum sample from each patient was tested, by ELISA, for the presence of IgG antibodies to H. pylori and, by
immunoblotting, for antibodies against The Cytotoxin-Associated Gene A (CagA) protein.

Results: Seropositivity to H. pylori was found in 183 out of 220 patients with HCC (83.1%) and in 220 of 409 controls (53.7%)
(p<0.0001) (OR 3.97; 95% CI 2.60-6.06). Anti-CagA seropositivity was found in 75.4% of HCC patients (89/118) and in 9.20%
of controls (38/409) (OR 29.96; 95% confidence interval CI: 16.98-53.23); 87.5% of females and 70.9% of males with HCC had
circulating anti-CagA antibodies, compared to 16.3% and 2.80% of control patients, respectively.

Conclusion: H. pylori infection and antibodies to CagA were found much more frequently in patients with HCC than in
controls. Pathogenic strains of H. pylori could represent a notable co-factor for maintaining inflammation, thereby increasing the
rate of cancer progression in cirrhotic patients.
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Introduction

Hepatocellular Carcinoma (HCC) is the third cause of cancer
death worldwide [1], and its prevalence has been steadily rising in
the USA [2] and in the UK [3], but has now reached a plateau in
the USA [4]. HCC is a frequent complication of chronic liver in-
flammation (Hepatitis) and of its long-term sequela, namely liver
cirrhosis [5]. Chronic inflammation results from a variety of patho-
genic insults, including metabolic disorders, autoimmunity, toxic
or infectious diseases [5]. In Italy, it has been reported that 72.1%
of all cirrhosis patients have antibodies to Hepatitis C Virus (HCV)
in the serum, and up to 13% carry Hepatitis B Virus (HBV) [6].
Long-term follow-up studies of HBV and HCV infected individu-
als showed that a proportion of carriers (from 0% to 25%) develop
cirrhosis and ultimately HCC [6-11]. However, it was shown that,
in individuals of the general population in Benevento, aged 60 or
above, 42% were infected with HCV; in Catanzaro, 34% of the
general population of the same age were HC V-infected, and 50%
of individuals in a Sicilian town were infected with HCV, but cir-
rhosis was infrequent, with only a small minority developing HCC
[12-14]. In strong contrast, in Trieste, the occurrence of cirrhosis
and HCC was very high despite a very low prevalence of HCV
infection [15].

Host characteristics, in particular HLA haplotype, have been
shown to influence the outcome of viral infection and the develop-
ment of cirrhosis; this observation was first made by us and then
unanimously confirmed [16-20]. Nevertheless, monozygotic twins
have been reported to have discordant manifestations of hepatitis
C, thus suggesting that factors that play a role in determining the
outcome of HCV infections still remain to be clarified [21].

Viral infection, by itself, can only partially explain the
pathogenesis of HCC, and HCV, in particular, appears to lack a
transforming mechanism. Conversely, a variety of causes leading
to chronic inflammation of the liver have been reported to lead
to HCC, including iron overload [22,23], metabolic liver diseases
[24,25], and food-derived toxins [26,27], even in the absence of
virus carriage.

A new cause of liver inflammation (hepatitis) was discovered
at the National Cancer Institute (NCI) during studies of chemical
carcinogenesis; it consists of a Gram-negative bacterium, living in
the bile canaliculi, thereafter named Helicobacter hepaticus (H.
hepaticus) [28]. Experimental feeding of laboratory mice with H.
hepaticus induced strong inflammatory changes (hepatitis) in the
liver parenchyma, leading (rapidly) to HCC [28]. Several other
Helicobacter species have been identified, that live in the bile
canaliculi, not only of mice but also of chickens, Rhesus monkeys
and other mammals, namely H. pullorum, H. cinaedi, H. bilis, and
H cholecystus [29-32]. Of these bacteria, some have been detected
in the bile of Chilean women suffering from chronic cholecystitis,
thus showing that these pathogens are not restricted the host in

which they were originally discovered [33]. Indeed, biliary tract
and gallbladder cancer have been shown to be correlated with in-
fection by Helicobacter spp [34-36].

A bacterium belonging to the same genus, Helicobacter
pylori (H. pylori), was defined by the International Agency for
Research on Cancer as a class I carcinogen. Indeed, infection by
this pathogen leads to gastric cancer and to MALT lymphoma in
humans [37].

H. pylori affects intracellular signal conduction in host cells,
leading to activation of transcriptional factors via activation of the
NF-Kappa B (NFkB) pathway [38,39]. The cag Pathogenicity Is-
land (PAI) genes of H. pylori and their products are responsible
for activating Mitogen Activated Protein-Kinases (MAP-kinases)
[40], which in turn are strong activators of the nuclear proto-onco-
genes ¢-FOS and c-JUN [41]; these contribute to the enhanced cell
proliferation induced by H. pylori. Both NF-kB and MAP-kinase
cascades are known to upregulate cyclin D1 expression, and over-
expression of cyclin D1 shortens G1 phase and increases the rate
of cell proliferation [42]. H. pylori in fact activates the cyclin D1
gene in a time- and dose-related manner, thus accounting for H.
pylori-induced cell proliferation [43].

NF-kB activation is known to induce strong up-regulation
of inflammation [44,45], and indeed H. pylori infection induced
NF-kB activation correlates with an intense pro-inflammatory
status [46], characterized by elevated levels of interleukin-1,
interleukin-6, and interleukin-8 (IL-1, IL-6, IL-8) and of Tumor
Necrosis Factor alpha (TNF-a). EI-Omar, et al. [47] reported that
genetic polymorphism for Interleukin-1 Beta (IL-1b) receptor is a
key factor for developing gastric cancer following infection by H.
pylori. However, recent meta-analyses and reviews have shown
that pathogenic strains of the bacterium are the most important fac-
tor linked to cancer development as recently reported [48]. Since
pathogenic strains of the bacterium increase inflammation, this
strikingly emphasizes that pronounced inflammation in response
to bacterial infection may determine which individuals succumb
to gastric cancer after H. pylori infection.

Chronic inflammation of the liver parenchyma is a key fea-
ture of hepatitis, and can be derived from toxic, metabolic, au-
toimmune or infectious causes; henceforth we hypothesized that
any chronic infection leading to NF-kB pathway activation (i.e.
the pro-inflammatory response) would ultimately result in an in-
creased risk of liver cirrhosis and progression to cancer. We previ-
ously analyzed the liver tissue obtained from patients with HCC at
surgery for sequences of Helicobacter spp., and found them to be
almost invariable [49]; sequences from dead bacteria could enter
the liver via venous blood from the gut organs. Nevertheless, our
findings were confirmed [50], leading us to believe that H pylori
infection could play a role in the establishment or progression of
HCC in humans. H pylori infection was reported as very common
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in patients with liver cirrhosis [51-54], the precursor mechanism
leading to HCC.

Therefore, we decided to verify the hypothesis that antibodies to H
pylori would be highly prevalent in patients affected by HCC. We
report that human patients with established HCC have a signifi-
cantly higher prevalence of antibodies to H. pylori than controls.
The relevance of this study was increased by the consideration
that the persistence of antibodies to H. pylori often corresponds to
chronic H. pylori infection.

Patients and Methods

The presence of anti-H. pylori antibodies was evaluated in
220 consecutive patients (160 males, 60 females, mean age 67
years old, range 33-88 years old) treated for HCC, developed fol-
lowing liver cirrhosis, at the Department of Radiology, Ospedale
Civile di Vimercate, Italy, (MFM, TL).

HCC was either diagnosed by serum alpha fetoprotein de-
tection, ultrasonography, spiral Computed Tomography (CT), or
histology. Angiography, Magnetic Resonance Imaging (MRI) and
Lipiodol-CT scans were performed when it was considered nec-
essary to plan for a surgical therapy. A total of 43 out of the 220
cirrhotic patients were infected by HBV, 19 were infected by both
HBV and HCV and 158 by HCV only. HBV infection was diag-
nosed by positivity of HBsAg and HBV-DNA in serum samples.
Levels of HBsAg, anti-HBsAg and immunoglobulin M anticore
(IgM anti-HBc), HBeAg, anti-HBe were determined by commer-
cial kits (Axsym® System, Abbott Diagnostics, Maidenhead, UK).
For detection and quantitative measurements of HBV-DNA in se-
rum by the polymerase chain reaction and DNA hybridization, we
used the Amplicor HBV Monitor™ Test (Roche Diagnostics Sys-
tem, Inc., Branchburg, USA).

HCYV infection was diagnosed by positivity in serum samples
for anti HCV (EIA, Ortho HCV 3.0, Ortho clinical Diagnostics,
Neckarcemiind, Germany), confirmed by RIBA II (Ortho HCV
RIBA II, Ortho clinical Diagnostics, Neckarcemiind, Germany)
and by circulating HCV-RNA detected by the polymerase chain
reaction (PCR, Amplicor Roche, Roche Diagnostics System, Inc.,
Branchburg, USA). The controls were 409 sexes- and age-matched
patients consecutively admitted to the Department of Emergency
Care of San Giovanni Battista Hospital of Torino (213 males, 196
females, age range 30-79 years old). Any patients having a diagno-
sis at discharge of bleeding duodenal ulcer or acute myocardial in-
farction were not considered, as these diseases have been shown to
be linked to H. pylori infection in our series [55-57]. A commercial
enzyme immunosorbent assay (ELISA, Helori-test® Eurospital,
Trieste Italy), with a sensitivity of 94% and a specificity of 87%,
was used to detect serum anti-H. pylori (IgG) antibodies [58].

Antibodies against the protein product of the Cytotoxin-as-
sociated gene A (anti-CagA) were measured by immunoblotting
using a commercial assay (Nurex srl, Sassari, Italia).

Statistical Evaluation

The prevalence of H. pylori and anti-CagA antibodies in
HCC patients and controls was compared using the chi-square test
(*) by means of a 2x2 contingency table. Results were considered
significant when p < 0.05. In addition, Student’s t test and regres-
sion straight lines correlation study were also employed where
appropriate. The software Epilnfo version 5 Statcalc was used to
calculate statistics.

Results

The presence of CagA antibodies in serum samples was de-
tected in 89 of 118 (75.4%) HCC patients and in 38 0f 409 (9.29%)
control patients admitted to the emergency room (p < 0.0001;
Odds Ratio OR 29.96; 95% confidence interval CI 16.98-53.23).
Anti-CagA was found in 87.5% (28/32) of females treated for
HCC, compared to 16.3% (32/196) of controls (OR 35.88; 95%
CI10.93-130.30); 61/86 (70.9%) males with HCC had antibodies
against CagA compared to 2.80% of controls (6/213) (OR 30.91;
95% CL 30.91-242.50).

H. pylori infection was detected in 83.2% (183/220) of HCC
patients, and 55.50% (227/409) in the Italian patients consecutive-
ly admitted to the emergency room (p < 0.0001) (OR 3.97, 95%
confidence interval 2.60-6.06) (Table 1) and who complied with
inclusion criteria (i.e. absence of bleeding duodenal ulcer or acute
myocardial infarction). Of the female HCC patients, 51/60 (85.0%)
were seropositive versus 105 of 196 (53.57 %) of female controls
(p <0.0001) (OR 4.91, 95% CI 2.18-11.37); 132/160 (82.5%) of
male patients were seropositive versus 122 of 213 (57.27%) con-
trols (p < 0.0001) (OR 3.52, 95% CI 2.10-5.92).

H[Iif)iot ﬁ;?f)r/‘ifi p OR CL
Mal(egsz_l;if)léo (15272%{/3) <0.0001 | 352 |210-5.92
Fer?;‘?g; 1)/60 (;2:5;;;6) <00001 | 491 121' .1387‘
T"(tg; .1188%,22)20 éggg% <0.0001 | 397 | 2.60-6.06

HCC: consecutively treated patients with hepatocellular carcinoma.
Controls: consecutive Italian patients admitted to the emergency
Room, excluding those with acute myocardial infarction or acute duo-
denal ulcer bleeding. p: statistical significance (Yates corrected test).
OR: Odds Ratio. CL: 95% Confidence Limit.

Table 1: Seroprevalence of anti-H. pylori antibodies in patients with he-
patocellular carcinoma (HCC) and controls.
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In addition, we highlight that was no relationship between
the prevalence of antibodies to H. pylori and Child’s class of se-
verity of cirrhosis, according to Pugh et al., [59] and the reported
etiology of the liver disease.

Finally, evaluating the seroprevalence of H. pylori in patients
and control subjects, divided by decade of age, i.e.: 30-39 years;
40-49; 50-59; 60+, we rarely observed cases of HCC prior to 50
years of age, as expected, and a significant difference in H. pylori
seroprevalence (patients vs. controls) was only found in the groups
of 50-59 years (p < 0.05) and of 60+ years (p < 0.00001). More-
over, in both groups, H. pylori seropositivity increased with age,
though with a higher rate in the HCC patients, compared to the
control subjects. In fact, a comparison between regression straight
lines showed analogous slopes (slope comparison: t = 0.744; p <
0.05) Table 2.

HCC Controls
anti-Ca- anti-Ca- P OR CL
gA(+)/tot gA(+)/tot
male 61/ 86 6/213 30.91-
70.93%) | (@81%) | 00001 84.18 242.50
female28/ 32/196 10.93-
32 (87.5%) (16.3%) < 0.0001 35.88 130.30
Total
89/118 (3982/‘;?/9) <0.0001 29.96 16.98-53.23
(75.4%) e

HCC: all consecutively treated patients with hepatocellular carcino-
ma. Testing for anti-CagA was performed on all sera from one single
year.

Controls: all consecutive Italian patients admitted to emergency
Room, but Acute myocardial infarction and acute duodenal ulcer
bleeding patients
P: statistical significance (Yates corrected test).

CL: 95% confidence limit.

Table 2: Seroprevalence of anti-CagA antibodies in patients with HCC
and controls.

Discussion

The present study reports, for the first time, the very high se-
roprevalence of antibodies against the CagA protein of H. pylori in
patients with HCC, regardless of whether or not they were infected
by HCV or HBV. The prevalence was strikingly significant when
pathogenic strains of the bacterium- as detected by presence of
antibodies to the CagA antigen- were taken into account, but still
statistically significant even for antibodies to generic strains.

A very strong correlation between HCC and Helicobacter
infection has been demonstrated in mice experimentally infected
with H.hepaticus; indeed, selected mouse strains rapidly develop
acute and chronic hepatitis, and succumb to HCC in a very high
proportion, with a strong sex predilection for males [28-31].

In humans, the oncogenic effects of H.pylori have been
confirmed in gastric, and biliary tract neoplasias [34-37,47,48], as
well as in Mucosal Associated Lymphoid Tissue (MALT) lympho-
mas [37]. A new liver carcinogen was discovered in 1994 in mice,
and demonstrated to be a bacterium belonging to the Helicobacter
species. Indeed, Ward, et al. [28] identified a new species of Heli-
cobacter, known as H.hepaticus, in the hepatic bile canaliculi of
mice, associated with HCC in chronically infected animals.

Experimental infection of male A/JCr mice with H. hepati-
cus almost inevitably leads to chronic hepatitis and HCC [28]; a
number of Helicobacter species have been isolated from the liver
of Rhesus monkeys, cats and dogs with hepatitis [29-32]. We have
shown sequences belonging to the 16S rRNA of Helicobacter spp.
in 23 of 25 livers of patients with cirrhosis and HCC [49]. More-
over, sequence analysis revealed the presence of the cagA gene in
some instances in these livers. Avenaud demonstrated the presence
of Helicobacter species in the liver of 8 out of 8 patients with
HCC: H.pylori was the species detected in all of these livers [50].
Agha-Amiri, et al. found in the liver of seven out of 20 patients
with HCC genomic sequences of a bacterium that belongs to the
RNA superfamily VI (Campylobacter, Helicobacter, Arcobacter)
[54]. Nilsson et al identified sequences of H.pylori and of Helico-
bacter spp. by PCR, hybridization and partial DNA sequencing, in
human liver from patients with primary sclerosing cholangitis or
primary biliary cirrhosis [61].

A high prevalence of H. pylori infection in patients with liver
cirrhosis was previously reported by Siringo, et al. from Bologna
[51], as they were looking for reasons for the high prevalence of
duodenal ulcer in cirrhotic patients. We found a significantly high-
er prevalence of H. pylori infection in cirrhotics as compared with
blood donors in Northern Italy [52,53]. Calvet, et al. found that
male sex and H. pylori seropositivity were variables independently
related to peptic ulcer in cirrhotics [62]. Chen et al found no asso-
ciation between peptic ulcer and H. pylori infection in cirrhotic pa-
tients in Taiwan [63], but Fan et al. found a higher seroprevalence
of H. pylori in Chinese patients with HBV-related chronic hepatitis
than in controls matched for age and socioeconomic status [64].
Selection biases and methodological problems with the diagnosis
could be at the root of the differences in these Chinese studies.
Indeed, recent studies report the strong association of H. pylori
infection in HCC among several Chinese populations [65-67].

The association between cirrhosis and infection by Helico-
bacter spp. needs to be carefully evaluated because it might rep-
resent a novel mechanism by which some patients with HBV or
HCV-related chronic liver disease succumb to malignant transfor-
mation. In Italy, only a fraction of patients infected by HBV or
HCYV develop liver cirrhosis, and among these only a few progress
to liver cancer. Indeed, studies conducted in different areas of Italy
demonstrated that 42%, 34% and 50% of the general population
aged 60 years and over have circulating HCV-RNA, in Benevento,
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Catanzaro and in Sicily, respectively [12-14]. Despite the high
prevalence of HCV infection in these populations, only a few in-
habitants have severe chronic liver disease [12-13]. A number of
recent papers have reported on the long-term outcome of cohort
studies in patients with HCV infection, concluding that HCV in-
fection may be more benign than previously believed [68-74]. In
Ireland, Kenny-Walsh showed that after 18 years of continuing vi-
ral carriage, cirrhosis of the liver was found in only 2% of women
infected with HCV of genotype 1b by intra-venous injection of
anti-RhD immunoglobulins [69].

In Germany, none of the 1500+ women similarly infected at
delivery had cirrhosis after 20 years of follow-up [72] and 9% had
cirrhosis after 35 years [73]. Clearly, factors beyond viral infec-
tion contribute to severity of liver illness, as we also noted in the
case of HCV-associated B-cell lymphoma [75]. The role of Helico-
bacter spp. in the evolution towards cirrhosis and HCC in humans
is unknown, but several potential mechanisms for liver disease due
to Helicobacter spp. have been proposed. Taylor [76] described a
new liver-specific toxin produced by several Helicobacter spp.;
this toxin causes liver cell necrosis, followed by lympho-monocyte
activation, resulting in the well-known intralobular infiltrate typical
of chronic hepatitis. H. pylori also secretes a Polymorphonuclear
(PMN) attractant protein named NAP [77], which could easily ex-
plain the accumulation of neutrophils and eosinophils observed in
liver biopsies of hepatitis patients, and often attributed to the in-
take of excessive amount of alcoholic beverages; Furthermore, H.
pylori itself is a source of ethanol.

Pathogenic strains of H. pylori encode for a protein, called
CagA, which becomes phosphorylated at a tyrosine residue upon
entry in human epithelial cells [78], CagA subsequently activates
the ERK/MAP kinase cascade, resulting in ELK-1 phosphorylation
and increased c-fos transcription [41]. Proto-oncogene activation
may therefore represent a crucial step in the pathophysiology of
H. pylori-induced neoplasia. It is therefore noteworthy that adeno-
carcinoma of the exocrine pancreas has been associated with high
seroprevalence of H. pylori infection [79,80], in addition to the
well-established carcinogenicity of H. pylori for gastric epithelial
cells and for gastric mucosa lymphocytes [37,47,48,81-83].

In summary, we report for the first time that the seropreva-
lence of pathogenic strains of H. pylori in HCC patients is much
more frequent than in controls, suggesting that the prognosis for
HCYV or HBV carriers may be influenced by co-existing or pre-
existing inflammation due to Helicobacter spp. infection, at least
in patients whose genetic background renders them susceptible to
developing HCC. AP conceived the study, tested the samples and
wrote the draft; TL and MFM cured and evaluated the patients;
NF and EM performed the sequence analysis, statistical analysis,
and contributed to the writing; TS contributed ideas and wrote. All
Authors read and approved the final version
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