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n INTRODUCTION

I
nfection due to viruses can induce chronic in-
flammation, which is a recognised risk factor
for cancer. The hepatitis B and C viruses (HBV

and HCV) are responsible for the majority of ch-
ronic hepatitis, liver cirrhosis and hepatocellular
carcinoma (HCC) cases world-wide [1-4].
Bacteria have only recently been linked to can-
cer. It has been demonstrated that Helicobacter
pylori induces a persistent gastric infection that
is associated to the development of chronic gas-
tritis, peptic ulcer disease, gastric carcinoma
and gastric mucosa-associated lymphoid tissue
lymphoma [5-7]. Helicobacter species have also
been isolated from the host intestinal tract [8-
13]. In addition, during the past few years Heli-
cobacter infections have been reported to be as-
sociated with liver diseases in some species
such as Helicobacter canis in dogs, Helicobacter
pullorum in poultry, Helicobacter hepaticus and
Helicobacter bilis in mice [14-17].
However, whether the Helicobacter spp. have a
role in the development of cirrhosis and HCC
in humans is unknown. There have been re-
ports of the Campylobacter sequence being de-
tected in the bile, especially in the biliary ep-
ithelium of hepatolithiasis, which suggests a
pathogenetic relationship between Campy-
lobacter infection and hepatolithiasis [12, 13,
18]. Moreover some authors have reported a
very high prevalence of H. pylori infection, as
shown by a prevalence of antibodies to H. pylori
or by a prevalence of H. pylori-related peptic ul-
cer, in patients with cirrhosis, compared with
controls [19-23]. More recently the detection of

Helicobacter DNA sequences in the liver speci-
mens from patients with primary liver carci-
noma suggests a potential role as a cofactor of
such Helicobacter species in the development of
primary liver carcinoma [24-26].
In this study we have tested the hypothesis that
Helicobacter species may colonise the liver in the
presence of HBV or HCV infection, inducing an
enhancement of chronic hepatic inflammation
and possibly the development of HCC. To test
this hypothesis, we sought DNA sequences of
Helicobacter species in the liver specimens from
patients with HBV or HCV-related chronic liver
disease or HCC, and in those with metastatic
liver carcinoma.

n PATIENTS AND METHODS

Patients
We enrolled 28 consecutive patients with ultra-
sound (US) evidence of hepatic nodule(s) on
their first liver biopsy at our Liver Unit from
April 2001 to June 2001. Of these 28, 21 had his-
tological evidence of HCC (19 males and 2 fe-
males; median age 68 years, range 46-78) and
formed Group I; the remaining 7 patients, who
had histological evidence of metastatic liver
carcinoma (4 males and 3 females; median age
69 years, range 48-81) formed Group II.
In the same period we observed 27 consecutive
patients with chronic hepatitis on their first
liver biopsy at our Liver Unit (18 males and 7
females; median age 52 years, range 31-66).
These patients formed Group III. Chronic liver
disease was diagnosed on the basis of a persis-

Lavori
originali

Original
articles

Le Infezioni in Medicina, n. 4, 201-207, 2003

 



202
2003

tent increase in serum aminotransferase values
for at least 6 months.
The diagnosis of “clinical cirrhosis” was made
on the basis of abnormalities in the liver func-
tion tests, including a blood platelet count
lower than 100,000/mm3 associated to one or
more of the following signs: ascites, presence
of porto-systemic encephalopathy, esophageal
varices, US evidence characterising liver cir-
rhosis.
The presence of HBsAg was considered as an
indicator of ongoing HBV infection and anti-
HCV positivity as a marker of HCV infection.

Tissue Sampling and Processing
Biopsies of the hepatic nodules were per-
formed under US guidance using a 19 Gauge
cutting needle (Surecut, HS, Tokyo, Japan) [27].
Liver biopsies of non-neoplastic tissue were
made using a 16 Gauge cutting needle (Sure-
cut, HS, Tokyo, Japan) under US guidance.
Liver specimens for histological evaluation
were fixed in 10% neutral buffered formalin,
embedded in paraffin and stained with hema-
toxylin and eosin and the Masson trichrome
method. The histological diagnosis of chronic
hepatitis was performed according to the
Desmet classification [28].
The specimens for molecular analysis from liv-
ers with malignant tumour (Groups I and II)
and from tumour-free livers (Group III) were
frozen and stored at –80°C until use.

Helicobacter species detection in liver tissue
DNA was extracted from liver tissue using mi-
crospin columns (QIAamp DNA mini kit, Qia-
gen GmbH, Hilden, Germany). Briefly, 20 to 30
mg of homogenised liver tissue was lysed by
20 µl of proteinase K (20 mg/dl) and the mix-
ture was vortexed and incubated at 56°C for 2
hours. The proteinase K was inactivated at
70°C for 10 min and the samples were added to
microspin columns where DNA was adsorbed
into the silica-gel membrane. Washing buffers
containing ethanol (96-100%) were used to re-
move any residual contaminants without af-
fecting DNA binding by two centrifugation
steps (at 8,000 rpm for 1 minute and at 14,000
rpm for 3 minutes, respectively). An elution
buffer (10 mM Tris-Cl; 0.5 mM EDTA; pH 9.0)
was then used to obtain the DNA, which was
stored at –80°C, ready to be used for Poly-
merase Chain Reaction (PCR) amplification.
As positive controls for the DNA extraction
from the liver tissue we used five hepatic

biopsy sections in which HBV infection was
confirmed by HBcAg positivity, according to
Trevisan et al. (29), by Peroxidase-Anti Peroxi-
dase technique, using a commercial kit (HBcAg
Dako Pap kit System, Dako Corporation, Santa
Barbara, CA, USA). These five liver biopsies,
all obtained from patients in Group III, were
processed as described above and amplified
for HBV-DNA.
As positive controls for the detection of Heli-
cobacter species in tissue specimens, five gas-
tric biopsy sections were obtained in which H.
pylori infection was confirmed by biochemical
and histochemical tests. These five gastric
biopsies were processed as described for liver
tissues and amplified for 16S ribosomial DNA
(rDNA) of Helicobacter species.
PCR detection of Helicobacter species was per-
formed using primers from 16S rDNA, de-
signed to amplify a 400 base-pair (bp) fragment
(upstream primer 5’-AACGATGAAGCTTC-
TAGCTTGCTAG-3’, nt 65-89; and downstream
primer 5’-GTGCTTATTCGTTAGATACCGT-
CAT-3’, nt 463-439). We chose this  16S rDNA
region to allow the amplification of the DNA
not only of Helicobacter pylori, but also of other
Helicobacter species.
Ten µl of extraction sample was added to the
PCR reaction mixture containing 2.5 units of
Taq polymerase (Promega, Madison, WI) and
3mM MgCl2. PCR was performed in a pro-
grammable thermal cycler (Perkin Elmer 9700,
USA) with the following 3-step cycling profile:
94° for 60 s, 60° for 90 s and 72° for 60 s, for a
total of 40 cycles. At each amplification Heli-
cobacter pylori DNA from a gastric biopsy was
used as the positive control and double-dis-
tilled water as the negative control.
Ten µl of amplified product were analysed by
2% agarose gel stained with ethidium bromide
and observed under short-wavelength ultravi-
olet light. The sizes of the PCR products were
estimated by comparison with size markers
(MBI Fermentas, Vilnius, Lithuania). Heli-
cobacter DNA was considered positive when
signals were observed at the molecular size of
400 bp. 
The amplified product was also detected by
hybridization with a specific biotinylated
probe in the 16S rDNA region of the Heli-
cobacter species (5’-ACCAAGGCTAT-
GACGGGTATC-3’). One hundred µl of the op-
timal concentration of the 5’ biotinylated probe
(10pg/µl) was incubated in wells overnight
(18-22 hours) at 2-8°C. At each hybridization



203
2003

assay the complementary sequence of 16S
rDNA (5’-GATACCCGTCATAGCCTTGGT-3’)
was used as the positive control of hybridiza-
tion. The hybrid between probe and Helicobac-
ter 16S rDNA was detected using GEN-ETI-K
(DiaSorin Biomedica, Saluggia, VC, Italy):
mouse monoclonal antibody was used against
double-stranded DNA and then protein A con-
jugated with horseradish peroxidase was used
as an enzyme tracer; finally the substrate (hy-
drogen peroxide) plus the chromogene
(tetramethylbenzidine derivative) was added
and the absorbency was measured with a spec-
trophotometer at 450 nm just after adding the
blocking reagent (1N sulphuric acid solution).
HBV-DNA was amplified in the five HBcAg
positive liver biopsies using primers located in
the core region of HBV (upstream primer 5’-
TTGCCTTCTGACTTCTTTCC-3’, nt 1955-1974;
and downstream primer 5’-TCTGCGAGGC-
GAGGGAGTTCT-3’, nt 2401-2381). PCR was
performed in a programmable thermal cycler
(Perkin Elmer 9700, USA) with the following 3-
step cycling profile: 93° for 30 sec, 48° for 30 sec
and 68° for 60 sec, for a total of 35 cycles. The
amplified product was detected by analysing
in 2% agarose gel stained with ethidium bro-
mide and observed under short-wavelength
ultraviolet light (positive signals at 447 bp).

n ROUTINE METHODS

Serum HBsAg was sought using commercial
immunoenzymatic assays (Abbott Laborato-
ries, North Chicago, IL, USA). Anti-HCV anti-

bodies were determined by commercial 3rd gen-
eration immunoenzymatic assay (Ortho Diag-
nostic Systems, Neckargemund, Germany). 
Liver function tests were performed according
to routine methods.

n RESULTS

Demographic, serological and biochemical data
of patients in all groups are shown in Table 1.
Of patients with HCC (Group I), all had virus-
related clinical cirrhosis; 14 had ultrasound ev-
idence of monofocal HCC and 7 of multifocal
HCC. Of patients with metastatic liver carci-
noma (Group II), five had bowel adenocarci-
noma, 1 cholangiocarcinoma and 1 pancreatic
adenocarcinoma; 3 had US evidence of a mono-
focal hepatic lesion and 4 of multifocal hepatic
lesions. For the 27 patients with chronic hepati-
tis, which was viral-related in all, the mean his-
tological activity index was 6.5+3.07 and the fi-
brosis score 1.9+1.2. Two patients (7.4% of
cases) in this group had histological evidence of
cirrhosis.
Only one patient in Group II (with cholangio-
carcinoma) had clinical and biochemical evi-
dence of biliary stasis (jaundice, serum total
bilirubin: 10.8 mg/dl, direct bilirubin: 9.2
mg/dl).
HBV-DNA was found in all five HBcAg posi-
tive liver biopsies used as positive controls for
the extraction from liver tissue. Helicobacter
species 16S rDNA was detected in all five
biopsy specimens of gastric mucosa, used as
positive controls for the amplification of DNA

Table 1 - Demographic, serological and biochemical characteristics of patients.

Group I Group II Group III

N° of patients 21 7 27

Males/females 19/2 4/3 20/7

Age, median (range) 68 (46-78) 69 (48-81) 52 (31-66)

N° (%) of patients with viral
- hepatitis B 2 (9.5) 0 5 (18.5%)
- hepatitis C 19 (90.5%) 1 (14.2%) 20 (74.1%)
- hepatitis B/C 0 0 2 (7.4%)

AST*, mean+DS 3.1+2.5 1.5+1.1 2.4+2.0

ALT*, mean +DS 2.2+1.3 1.4+1.1 4.1+3.6

ALP*, mean+DS 0.9+0.6 1.0+0.9 0.6+0.2

Total bilirubin (mg/dl), mean+DS 1.18+0.7 2.1+3.9 0.7+0.3
**(n.v. x): times the upper normal value
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Helicobacter, and in none of the liver specimens
from any group. The same results were ob-
tained from the analysis of the amplified prod-
ucts both by 2% agarose gel and by hybridiza-
tion with a specific biotinylated probe.

n DISCUSSION

In our study Helicobacter species 16S ribosomal
DNA was detected in none of the liver speci-
mens of the subjects with virus-related HCC or
chronic hepatitis, and in none of the liver spec-
imens of those with metastatic liver carcinoma,
suggesting that Helicobacter species were not in-
volved in the pathogenesis of these liver dis-
eases.
To rule out the possibility that the lack of detec-
tion of Helicobacter 16S rDNA might  be due to
ineffective extraction and/or amplification, we
used as positive controls for the DNA extraction
from liver tissue, hepatic biopsies sections in
which HBV infection was confirmed by HBcAg
positivity and in which we amplified HBV-
DNA using specific primers. We also used, as
positive controls for the amplification of Heli-
cobacter species in tissue specimens, gastric
biopsy sections in which Helicobacter pylori in-
fection was confirmed by biochemical and his-
tochemical tests. Both these positive controls
gave a positive result, indicating the efficacy of
our extraction and amplification methods.
Our results disagree with those reported in the
last few years that have suggested an association
between Helicobacter and hepato-biliary dis-
eases both in animals and in humans [12, 14-26].
Recently, the presence of Helicobacter species-
specific DNA has been found in human bile
samples and biliary mucosa specimens from
patients with biliary diseases [13, 18, 30, 31]. In
a study using PCR and subsequent sequencing
of a part of the amplified ureA gene, Helicobac-
ter pylori was detected in 3 of 7 human bile sam-
ples collected by percutaneous transhepatic
cholangiodrainage from patients with pancre-
atic head tumours, suggesting that Helicobacter
pylori may be associated with asymptomatic
cholangitis [30]. Another study using PCR and
immunohistochemical staining observed a Heli-
cobacter pylori-like organism in the gallbladder
mucosa of a 41-year-old woman with fever and
upper right quadrant pain [32].
More recently, Harada and colleagues using
PCR showed the presence of the Helicobacter
and Campylobacter genuses in bile and biliary

epithelium and a high incidence of Campylobac-
ter species genomes in hepatolithiasis. How-
ever, not only the Helicobacter and Campylobac-
ter species, but also Escherichia coli was most fre-
quently isolated in the bile of patients with he-
patolithiases, followed by Klebsiella, Strepto-
coccus, Pseudomonas, Bacteroides and
Clostridium (33-35). Therefore, whether Campy-
lobacter and Helicobacter species and the other
bacteria have a lithogenic effect or are present
in the bile as a consequence of cholestasis
should be further studied.
Nilsson showed that liver samples from 12 pa-
tients with primary biliary cirrhosis and from
12 with primary sclerosing cholangitis were
positive by PCR with Helicobacter genus-spe-
cific primers respectively in 75% and 91.6% of
cases; none of the 10 normal livers had a posi-
tive result in the same assay and only one of 13
patients with non-cholestatic liver cirrhosis, a
young man who on re-examination showed his-
tological features suggesting primary scleros-
ing cholangitis, had a positive result (31). How-
ever, as reported by the same authors, the sim-
ilar proportions of positive results in the speci-
mens from patients with primary biliary cirrho-
sis and primary sclerosing cholangitis might
rule out a specific aetiopathogenic role of Heli-
cobacter in both diseases.
Previous studies have found a very high preva-
lence of immunoglobulin G serum antibodies to
H. pylori in patients with cirrhosis, compared to
controls [20-23]. In 1997, Siringo et al reported a
high prevalence of Helicobacter pylori infection
in cirrhotic patients, compared with blood
donors [20]. Pellicano and colleagues showed
that 89% of 254 consecutive patients with HCV-
related cirrhosis and 59% of 463 controls, pa-
tients admitted to the Department of Emer-
gency Care of the same hospital, had antibodies
to Helicobacter pylori [23]. However, this differ-
ence may be due to the different age distribu-
tion between the two groups since an older age
was associated with a high prevalence of Heli-
cobacter infection; in fact subjects older than 49
years were more frequently observed in the cir-
rhosis group (92.8% of cases) than in the control
group (66.4%).
More recently, the detection of Helicobacter
DNA sequences in the liver specimens from pa-
tients with primary liver carcinoma suggested a
potential role of the Helicobacter species as a co-
factor in the development of primary liver car-
cinoma [24-26]. Avenaud revealed the presence
of Helicobacter species 16S rDNA not only in
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all of the liver specimens from eight patients
with primary liver carcinoma but also in one
specimen from a patient without. As reported
by the same authors, the more frequent pres-
ence of Helicobacter species DNA in the liver of
patients with primary liver carcinoma might
have been due to the tumour process, which
favours cholestasis, and not to a specific role of
Helicobacter in the carcinogenic process.
Thus, our results and an analysis of the data re-
ported in the literature on this topic, suggest
that Helicobacter species are not responsible for
a specific hepato-biliary disease, but may be
present in the bile, biliary epithelium or hepatic

tissue as innocent bystanders, more frequently
when cholestasis coexists. This hypothesis may
explain the frequent detection of Helicobacter
DNA in specimens of patients with cholestasis
(hepatolithiasis, primary biliary cirrhosis, pri-
mary sclerosing cholangitis and HCC) and the
lack of detection in our patients, all but one
without clinical or biochemical evidence of
cholestasis.
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To test whether Helicobacter species play a
role in the enhancement of liver necro-in-
flammation and fibrosis and in the develop-
ment of hepatocellular carcinoma (HCC),
we sought DNA sequences of Helicobacter
species in liver specimens from patients
with viral-related chronic hepatitis, HCC or
metastatic liver carcinoma. We enrolled 28
consecutive patients with ultrasound evi-
dence of hepatic nodule(s) on their first
liver biopsy: 21 had histological evidence of
HCC (Group I) and 7 of metastatic liver car-
cinoma (Group II). In the same period we
observed 27 consecutive patients with
chronic hepatitis on their first liver biopsy
(Group III).
Helicobacter sequences were sought by PCR
using primers for the 16S rDNA of Heli-
cobacter spp, designed to amplify a 400 base-
pair fragment, and detected by 2% agarose

gel and hybridization with a specific bi-
otinylated probe. We used, as positive con-
trols for the DNA extraction from liver tis-
sue, hepatic biopsy sections in which HBV
infection was confirmed by HBcAg positiv-
ity and in which we amplified HBV-DNA by
specific primers; positive controls for the
amplification of Helicobacter spp were ob-
tained from gastric biopsy sections in which
Helicobacter pylori infection was confirmed
by biochemical and histochemical tests.
HBV-DNA was found in all five HBcAg pos-
itive liver biopsies. Helicobacter spp 16S
rDNA was detected in all five biopsy speci-
mens of gastric mucosa and in none of liver
specimens from patients in any group.
Our data suggest that Helicobacter species
were not involved in the pathogenesis of
virus-related HCC, chronic hepatitis or liver
carcinoma metastasis.

SUMMARY

Al fine di valutare il ruolo dei batteri del genere
Helicobacter nella patogenesi della necro-infiam-
mazione e della fibrosi epatica e nello sviluppo del
carcinoma epatocellulate (HCC), abbiamo ricer-
cato sequenze di DNA di Helicobacter spp. in
campioni istologici epatici di pazienti con epatite
cronica virale, HCC o carcinoma metastatico del
fegato. Abbiamo arruolato, al momento della
prima biopsia epatica, 28 pazienti consecutivi con
evidenza ecografia di lesioni focali epatiche: 21 pa-
zienti presentavano un HCC (Gruppo 1) e 7 un
carcinoma metastatico del fegato (Gruppo II).

Nello stesso periodo abbiamo arruolato anche 27
pazienti consecutivi con epatite cronica virale alla
prima biopsia epatica (Gruppo III).
Le sequenze di Helicobacter sono state ricercate
con metodica PCR, utilizzando primers specifici
per rDNA 16S di Helicobacter spp. in grado di
amplificare un frammento di 400 paia di basi, e ri-
levate mediante elettroforesi su gel di agarosio al
2% e ibridizzazione con sonde specifiche biotini-
late. Come controlli positivi per l’estrazione di
DNA dal tessuto epatico abbiamo utilizzato cam-
pioni istologici epatici di pazienti con epatite cro-
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