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Abstract
Background: Hepatocellular carcinoma (HCC) is the most common primary liver cancer, usually arising after years
of chronic liver inflammation that could result from viral infections such as hepatitis B virus (HBV) and hepatitic C
virus (HCV) infections. Human cytomegalovirus (HCMV) infects primary human hepatocytes and remains an
important cause of morbidity in immunocompromised persons where it may manifest as symptomatic end-organ
disease including hepatitis. The goal of the present study was to determine a potential correlation between HCMV
infection and the appearance of HCC.
Methods: First, we analyzed the seroprevalence of HCMV in a cohort of 11,318 patients hospitalized between 2003
and 2009 in different departments of a French University Hospital. Second, we studied HCMV seroprevalence in a
cohort of 190 subjects who were stratified on the basis of age, gender, HCC, cirrhosis (Cir), and the exposition to
hepatotropic viruses (HCV, HBV). We further determined whether HCMV DNA was present specifically in tumour
area in liver biopsies from HCC-positive patients by using nested PCR.
Results: We found that the HCMV seroprevalence was high in the Hepatology department. The HCMV
seroprevalence was significantly higher in patients infected with HCV and/or HBV than in patients who were not
infected by those later viruses (76.2% versus 56.5%, p < 0.001). The HCMV seroprevalence was significantly higher
in patients with HCC (74%) and lower in patients without HCC (54% for HCC-/Cir+ patients, 57% for HCC-/Cirsubjects). We observed a positive correlation between serum IL-6 levels and HCMV seroprevalence in cirrhotic
patients, but not in HCC patients. Serum IL-6 levels correlated positively with C-reactive protein (CRP) levels.
Preliminary histological studies from liver biopsies from HCC-positive patients highlighted that HCMV DNA can be
detected in tumour area of some of the patients studied.
Conclusions: Our results indicate that HCMV seroprevalence in patients with HCC is significantly higher than in
patients without HCC, is positively correlated with serum IL-6 levels in cirrhotic patients, and is positively associated
with the presence of other hepatotropic viruses such as HCV and HBV.

Background
Hepatocellular carcinoma (HCC) is the most common
primary liver cancer, usually arising after years of
chronic liver inflammation. Hepatitis B virus (HBV) and
hepatitis C virus (HCV) infections can lead to HCC,
whereas non-infectious inflammatory states, such as
chronic inflammation induced by alcohol consumption
and hereditary iron overload can also contribute to
HCC. IL-6 levels are elevated in the serum of patients
with all of these chronic liver diseases [1-3] and could
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become even more elevated in those who develop HCC
[4-6]. Recently, obesity-promoted HCC development
was reported to depend on enhanced production of IL-6
which causes hepatic inflammation and activation of the
oncogenic factor STAT3 [7].
Human cytomegalovirus (HCMV) is an opportunistic,
species-specific herpesvirus that infects a large part of
the population worldwide and causes asymptomatic
latent infection in healthy subjects. However, it can
cause severe disease in the absence of an effective
immune response, especially in patients with AIDS and
in immunocompromised solid-organ and bone marrow
allograft recipients [8]. Histological and immunohistochemical studies have demonstrated the presence of
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infected cells in virtually all organs and the virus targets a
variety of cell types in vivo, including macrophages,
endothelial cells, epithelial cells, fibroblasts, stromal cells,
neuronal cells smooth muscle cells, and hepatocytes
[9,10]. Blood monocytes and tissue macrophages are
believed to serve as target cells in infected organs, acting
as viral disseminators throughout the host or as sites of
HCMV latency [11]. Elevated levels of IL-6 have been
reported to accompany HCMV replication in transplanted
lungs and bone marrow during episodes of inflammation
or rejection [12,13]. IL-6 mRNA expression is upregulated
by HCMV infection in the absence of de novo expression
of viral genes [14-17]. Virion binding activates multiple
intracellular signal transduction pathways, including the
phosphatidylinositol kinase, MAPK/ERK and protein
kinase C pathways, all of which lead to the activation of
nuclear factors such as NF-kB and p38 [18,19], which are
known inducers of IL-6 gene transcription [20].
In the present study, the seroprevalence of HCMV
and the IL-6 production were determined in patients
hospitalized who were studied on the basis of HCC, cirrhosis and the presence or not of hepatotropic viruses.

Methods
Study population and setting

To determine the seroprevalence of HCMV in the departments of the Besancon University Hospital, serum samples
were collected for routine serological HCMV diagnostics
performed at the Department of Medical Virology, Besancon University Hospital, Besançon, France. The samples
were obtained from 11,318 patients hospitalized between
2003 and 2009. We analyzed the data retrospectively considering every patient only once. In addition, fifty adult
patients with HCC and cirrhosis, 41 adult patients with
cirrhosis but no HCC, and 99 patients with neither HCC
nor cirrhosis were eligible for enrolment at the Besancon
University Hospital. These patients included a cohort of
92 patients who were participating in studies that assessed
HCMV serological analysis, the measurement of serum
IL-6 and C-reactive protein (CRP), and clinical outcome.
The seroprevalence of HCV, HBV, and HIV was also measured in each serum.
The study was in accordance with ethical principles as
formulated in the World Medical Association Declaration of Helsinki.
Study design

Patients were followed up with use of HCMV serological
analysis, HCV, HBV, and HIV serological analysis, the
measurement of serum IL-6 and CRP levels and clinical
outcome.
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HCMV, HBV, HCV and HIV serodiagnostic

Serum samples were assessed for anti-HCMV IgG and
IgM antibodies with use of an ELISA (Elisa Biotest, Liaison Diasorin). Serum samples were also assessed for
anti-HCV IgG, HBs Ag, anti-HBs IgG, anti-HBcore IgG
and anti-HIV Ig (Axsym).
Measurement of serum IL-6 and CRP

IL-6 and CRP were measured in the serum of patients
using ELISA kit and immunochemistry (R&D systems
and Image Beckman Coulter, respectively).
Histological data

Liver biopsies from 3 patients diagnosed as hepatocellular carcinoma in the Besancon University Hospital were
considered for this study. For each patient, the pathologist selected one biopsy in a “tumour area” and another
biopsy in a “safe area”. All specimens were obtained in
paraffin blocks. Prior to DNA extraction, paraffinembedded specimens were treated with xylene during 5
minutes under agitation and ethanol during 5 minutes
under agitation. DNA was extracted and purified using
QIAamp kit (Qiagen, Valencia, CA) according to the
manufacturer’s instructions. The DNA extracted from
the liver biopsy was quantified in spectrophotometer. A
total of 200 ng DNA was used for performing first PCR
reaction using full length primers of UL82 (pp71). After
initial heating step at 94 for 5 minutes, the thermal
cycling protocol was as follows: 1 min at 94°C, 1 min at
60°C and 1.5 min at 72°C for 35 cycles. 10 μl from the
1st PCR product were used in a nested-PCR performed
using internal primers for UL82 (pp71) in slightly different PCR Conditions: 45 sec at 94°C, 1 min at 60°C and
45 sec at 72°C for 35 cycles. Nested amplification products were visualized on 1% agarose gel electrophoresis
and stained with ethidium bromide. The sequences of
the primers used were 5’-TAGATGCGGGGTCG
ACTGCGT-3’ and 5’-TCAGGCATCGTCCTCGCC
CGG-3’ for the UL82 (pp71) full length and 5’-CG
AAAGCATTCTGGATCTGC-3’ and 5’-TTTCTGCAT
CACGACTCACC-3’ for the UL82 (pp71) internal
length.
Statistical analysis

Values are the means and SDs of independent experiments. Statistical analysis was performed by student’s T
test, chi-square and logistic regression for multivariate
analyses of factors associated with CMV seropositivity
and HCC, and differences were considered significant at
a value of p < 0.05. Microsoft Excel was used to construct the plots.
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Results
High HCMV seroprevalence in several departments
including the Hepatology department

To assess the HCMV seroprevalence among patients
hospitalized in the Besancon University Hospital and to
compare the HCMV seroprevalence between the different hospital departments, serum samples were collected
for routine serological HCMV diagnostics performed at
the Department of Medical Virology, Besancon University Hospital. The samples were obtained from 11,318
patients hospitalized between 2003 and 2009. We analyzed the data retrospectively considering every patient
at least once; hence the number of samples tested is
12,889 (see Additional File 1, Table S1). The HCMV
seroprevalence was 50.73% (95%CI: 49.81-51.65) with a
mean age of 45.13 years (95%CI: 44.69-45.57). We
observed a positive correlation between the age and the
HCMV seroprevalence (r2 = 0.616) with a weak HCMV
seroprevalence in pediatric and neonatal populations
(20.32% and 38.09%, respectively). Among the departments with the highest HCMV prevalence were the Dermatology Department (74.84%), the Urology/Nephrology
Department (69.16%), the Infectious Diseases Department (63.81%) and the Hepatology Department (71.88%)
(see Additional File 1, Table S1). Among outclinic
patients hospitalized in the Dermatology Department
and in the Infectious Diseases Department 77.02% and
56.19% respectively, were infected with HIV. The
HCMV seroprevalence among patients hospitalized in
these two Departments was significantly higher in HIVpositive patients than in HIV-negative patients with
83.06% versus 47.30% (p < 0.001) in the Dermatology
Department and 84.75% versus 36.96% (p < 0.001) in
the Infectious Diseases Department (Table 1). Among
patients of the Hepatology Department, infection with
HCV and/or HBV was observed in 36.77% of the
patients. The HCMV seroprevalence was significantly
higher in patients infected with HCV and/or HBV than
in patients who were not infected by those later viruses
(76.2% versus 56.5%, p < 0.001) (Table 2).
Higher HCMV seroprevalence in HCC-positive patients

Since we observed a high HCMV seroprevalence in the
Hepatology Department, we then focused our study on

50 adult patients with HCC and cirrhosis (HCC+), 41
adult patients with cirrhosis but no HCC (HCC-/Cir+),
and 99 patients with neither HCC nor cirrhosis (HCC-/
Cir-) who were eligible for enrolment at the Besancon
University Hospital. These patients included a cohort of
92 patients who were participating in studies that
assessed HCMV serological analysis, serum IL-6 and
CRP measurement, and clinical outcome. We matched
patients of each group for age and gender. Male subjects
were 87% of the patients and the mean age was 66
years.
HCMV seroprevalence was significantly increased in the
HCC+ group versus the HCC-/Cir+ and HCC-/Cirgroups (74% versus 54% and 57%, respectively) (Figure 1).
Using unimodal statistical analysis, the HCMV seroprevalence was significantly higher in the HCC+ patients than
in the HCC-patients with 74% and 56%, respectively (p =
0.023) (Table 3, Figure 1). The HCMV seroprevalence was
not significantly higher in patients with cirrhosis or
infected with HCV, HBV or HIV (Table 3). By contrast,
HCC was significantly associated with HCV infection (p =
0.046) and always associated with cirrhosis (Table 3).
Using multimodal statistical analysis, the HCMV seropositivity was 3.45-fold more frequent in HCC+ patients
(OR = 3.45; CI95%: 1.34-8.93; p = 0.010) and was independent on the presence of cirrhosis or on infection
with HCV or HBV (Table 3). HCC was positively associated with HCMV seropositivity (OR = 2.76, CI95%:
1.30-5.86, p = 0.008) (Table 3).
Systemic levels of IL-6, C-reactive protein, HCMV
seroprevalence and HCC

HCC development is dependent on enhanced production of the tumor promoting cytokines such as IL-6
which causes hepatic inflammation and activation of the
oncogenic transcription factor STAT3 [7,21]. Therefore,
we measured serum IL-6 levels. High levels of serum IL6 were measured in both HCC+ and HCC-/Cir+ groups
(means of 8.53 and 8.34 pg/ml, respectively), but no significant difference between the two groups was observed
(p = NS) (Figure 2A). Serum IL-6 levels were significantly increased in the HCC+ and the HCC-/Cir+
groups versus healthy subjects (p < 0.05) (data not
shown). Interestingly, the serum IL-6 levels were higher

Table 1 HCMV seroprevalence and HIV infection in the Department of Dermatology and of Infectious Diseases
Department

HIV

Patients

HCMV seropositivity (%)

Age (years, mean)

Dermatology

Positive

248

83.06

42.37

Negative

74

47.30

42.27

Positive

118

84.75

39.61

Negative

92

36.96

36.09

Infectious Diseases
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Table 2 HCMV seroprevalence and HCV and/or HBV infection in the Department of Hepatology
Department Hepatology

HCV and/or HBV

Patients

HCMV seropositivity (%)

Age (years, mean)

Division 1

Positive

30

80.0

49.7

Negative

34

64.7

41.3

Positive

49

81.6

58.5

Negative

99

58.6

57.4

Positive

52

78.8

54.6

Negative

133

57.9

55.3

Positive

164

76.2

55.0

Negative

446

56.5

53.3

Division 2

Division 3

Total

in HCC-/Cir+ patients who were HCMV seropositive
(9.29 pg/ml versus 7.98 pg/ml), and the converse was
observed in HCC+ patients in whose decreased serum
IL-6 levels were measured in HCMV seropositive subjects (Figure 2B). Increased serum IL-6 level was
observed in patients infected with hepatotropic viruses
(HBV and/or HCV) (8.99 versus 8.17 pg/ml, respectively) (Figure 2C), or with HCV (9.63 versus 8.14 pg/
ml, respectively) (Figure 2D). Finally, serum IL-6 correlated positively with that of CRP (r2 = 0.49) (Figure 3).
Detection of HCMV DNA in the liver biopsies of some
HCC-positive patients

Liver biopsies from 3 HCC-positive patients were considered. For each patient, the pathologist selected

80

paraffin-embedded liver biopsy sample both from the
tumour area and the safe area. DNA was amplified by
nested PCR for HCMV pp71 (UL82) gene (Figure 4).
Three different results were obtained. HCMV DNA was
specifically detected in liver tumour area (T) but not in
safe area (S) for one patient (patient 1). In the other
patients, HCMV DNA was either not detected (patient
3) or detected in both tumour area and safe area
(patient 2).

Discussion
We report here that HCMV seroprevalence in patients
with HCC is significantly higher than that of cirrhotic
patients without HCC. We observed a positive correlation between HCMV seroprevalence and serum IL-6

74

HCMV IgG (%)

70
60

54

57

50
40
30
20

10
0

HCC+

HCC-/Cir+

Figure 1 HCMV seroprevalence in HCC+/Cir+, HCC-/Cir+, HCC-/Cir-subjects.

HCC-/Cir-
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Table 3 Factors associated with HCC and with HCMV seropositivity
Unimodal analysis
HCMV associated factors
p

HCC

Cirrhosis

HCV

HBV

HIV

Male gender

Exposition to hepatotropic viruses

0.023

0.24

0.23

0.57

0.83

0.09

0.21

HCMV IgG+

Cirrhosis

HCV

HBV

HIV

Male

Exposition to hepat. viruses

0.023

0

0.046

0.55

0.26

0.21

0.08

HCC associated factors
p

Multimodal analysis
HCMV associated factors
Odds Ratio

CI95%

HCC

3.45

1.34-8.93

p
0.010

Cirrhosis

0.71

0.31-1.62

0.418

Age > 65 years

0.59

0.31-1.14

0.119

Exposition to hepatotropic viruses

1.35

0.62-2.94

0.448

Male gender

0.43

0.15-1.24

0.118

IgG HCMV+

2.76

1.30-5.86

0.008

Age > 65 years

1.48

0.73-2.98

0.278

Exposition to hepatotropic viruses

2.07

0.96-4.45

0.064

Male gender

2.80

0.84-9.30

0.093

HCC associated factors

Unimodal analysis and Multimodal analysis.

levels in cirrhotic patients, but not in HCC patients. In
addition serum IL-6 levels correlated positively with
CRP levels. Our results question the role of HCMV in
the development of HCC.
HCMV is a highly transmissible and prevalent beta
herpesvirus [22,23]. This pathogen is never cleared from
the body, persisting in a number of tissues via hypothesized mechanisms including chronic productive infection
and/or latent infection with periodic subclinical reactivation [8,22]. Recently, HCMV has been linked to a variety
of chronic diseases with an inflammatory component
including cardiovascular disease [24], cognitive decline
including vascular dementia [25], functional impairment
[26] and cancer [27]. Although HCMV has been
reported as involved in hepatitis [28], its role in cancer
is just starting to emerge. The involvement of HCMV in
late inflammatory complications underscores its possible
role in inflammatory diseases and cancer. Evidence of
this involvement of HCMV in such phenomena is being
accumulated (review in: [27,29,30]. Early in vitro studies
suggested that HCMV was able to transform embryonic
fibroblasts in culture and to induce chromosomal
damages and mutations but HCMV has never been
accepted as oncogenic virus [27]. Later on the concept
of “oncomodulation” was proposed to explain the possible contribution of HCMV in tumour progression [31].
The oncomodulation states that HCMV infects the
tumour tissue and acts as a cofactor in amplifying

mechanisms of carcinogenesis without necessarily initiating tumour. Support for this idea is based on experiments showing that proteins of HCMV (or non-coding
RNAs) can influence the genesis and tumour growth
acting on the cell cycle, apoptosis, genetic instability,
invasiveness, angiogenesis, adhesion and cell migration.
These proteins have been the subject of extensive recent
reviews [27,32,33]. The increased sensitivity of detection
of HCMV in tumour tissues (immunohistochemistry, in
situ hybridization and PCR techniques) originally proposed by Cobbs et al in 2002 served to highlight the
presence of HCMV proteins and DNA in tumour cells
but not in adjacent cells of several cancers such as
glioma [34], colon cancer [35], prostate cancer [36], and
some skin cancers [37]. Interestingly, the presence of
HCMV was also highlighted in the pre-cancerous
lesions such as colorectal polyps [35], and prostatic
intraepithelial neoplasia [36].
In order to determine the role of HCMV as a potential oncomodulator of HCC, we measured HCMV seroprevalence in patients with HCC, in cirrhotic patients
and HCC-/Cir- subjects. Our results clearly indicate that
HCMV seroprevalence is increased in patients with
HCC. Using multimodal statistical analysis, the HCMV
seropositivity was 3.45-fold more frequent in HCC+
patients and was independent on the presence of cirrhosis or on infection with HCV or HBV. Also, HCC was
positively associated with HCMV seropositivity and with
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Figure 2 Serum IL-6 levels in HCC+/Cir+ and HCC-/Cir+ groups: (A) without taking into account the virological status; (B) infected or not
with HCMV; (C) infected or not with hepatotropic viruses (HBV and/or HCV); (D) infected or not with HCV.
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Figure 4 Detection of HCMV DNA by nested PCR in the liver of HCC-positive patients. S: safe area, T: tumour area.

infection with HCV or HBV. These results suggest that
HCMV could be involved in the appearance of HCC, as
it is the case for HCV and HBV. To confirm this
hypothesis future studies will determine whether HCMV
genome and/or HCMV antigens can be detected in
hepatocytes of HCC patients. It is also possible that
high HCMV seroprevalence observed in HCC patients
and not in cirrhotic patients could result from HCMV
infection of vessels of the liver and/or from infected circulating monocytes arriving at sites of liver inflammation [9,38].
We also observed a positive correlation between
HCMV seroprevalence and serum IL-6 levels in cirrhotic patients, but not in HCC patients. Increased serum
IL-6 levels have been reported in cirrhotic patients and
HCC patients infected with HBV and HCV [39-41].
Nevertheless, serum IL-6 levels in HCC patients depend
on the virus involved (HBV versus HCV), the genotype
of the virus especially for HCV and ultimately from the
IL-6 gene polymorphism [42-45]. Elevated levels of IL-6
have been reported to accompany HCMV replication in
transplanted lungs and bone marrow during episodes of
inflammation or rejection [12,13]. IL-6 mRNA expression is up-regulated by HCMV infection [15-17] and
increased IL-6 levels are a critical factor involved in
inflammation and carcinogenesis, especially in liver [7].
IL-6 production has been detected in many cell types,
however the primary sources of the cytokine are monocytes and macrophages at sites of inflammation during
acute inflammation, as well as T cells in chronic inflammation. In homeostatic conditions, IL-6 levels are low,
whereas under stress conditions, amounts of IL-6 rise
quickly in the serum. Production of IL-6 depends on
several transcription factors, primarily NF-kB, C/EBPb
(formerly NF-IL6) and AP-1 [46]. The stimuli that trigger activation of these transcription factors include
TNFa and IL-1, bacterial products (LPS) or viral

infections such as HIV, HCV and HCMV [47-49]. After
IL-6 is secreted from the activated monocyte or macrophage, it can act on other cells locally or systemically. In
classical IL-6 signaling, the cytokine engages its receptor
IL-6R at the cell surface. IL-6R is a non-signaling receptor normally present only on hepatocytes and certain
leukocytes [50]. A homodimer of the signal-transducing
receptor gp130 is recruited to the IL-6-IL-6R complex,
followed by activation of Janus kinase (JAK) which is
recruited to the intracellular portion of gp130. JAK in
turns activates the transcription factor STAT3 (signal
transducer and activator of transcription) [48,51] by
phosphorylation. Phosphorylated STAT3 dimerizes and
travels to the nucleus, there initiating a transcriptional
program [50]. This program’s primary function is to
promote growth and differentiation and prevent apoptosis, and includes among others the induction of genes
encoding cyclin D1, survivin and Bcl-2 [52]. In addition,
STAT3 regulates genes that promote angiogenesis
through regulation of vascular endothelial growth factor
(VEGF) [53]. The IL-6 signal also activates the mitogenactivated protein kinase (MAPK) pathway, specifically
extracellular signal-related kinase (ERK) through JAK
activation of SHP2 (a protein-tyrosine phosphatase),
which eventually activates the proto-oncogene Ras, a
GTPase found mutated in many human cancers [50],
especially in HCC [54]. In addition, IL-6 antagonizes
TGF-b-induced apoptosis in human hepatoma cell line
Hep3B [55], and this could be critical during cirrhosis
favoring the transformation of hepatocytes parallel to
the development of liver fibrosis. In addition, proinflammatory cytokines are part of the host response to
HCMV infection and participate in viral clearance. The
finding that HCMV seropositivity correlates with serum
IL-6 levels in HCC-/Cir+ patients and not in HCC+
patients suggest that IL-10 which is produced during
HCMV infection (vIL-10) does not impair the control of
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HCMV, but rather may inhibit local production of
proinflammatory cytokines such as IL-6 by infiltrating
lymphocytes in target organs. Our results are in accord
with the observation of Cheeran et al. [56], who
reported similar MCMV viral loads in IL-10 deficient
mice and in immunocompetent mice, C57BL/6 (which
is a model simulated by the IL-10 KO mice repleted
with mrIL-10).
HCMV is not an uncommon feature in patients with
liver diseases and may be a cause of systemic inflammation. Plasma cytokine interleukin-6 (IL-6) is mainly produced by circulating and peripheral cells and induces
the hepatic synthesis of C-reactive protein (CRP), which
is the main acute phase reactant. CRP expression in vivo
is assumed to be restricted mainly to the liver [57]
where CRP is produced under the control of various
proinflammatory cytokines such as interleukin 1 (IL-1),
IL-6 and tumor necrosis factor a (TNFa) [58]. Since IL6 has been reported to accompany HCMV replication
[12,13], IL-6 could favor CRP production in the liver of
HCMV-infected patients. Our results are in agreement
with this observation, since serum IL-6 correlated positively with that of CRP. Nevertheless, we cannot exclude
that CRP production is increased in these patients by
bacterial infections that could also favor IL-6
production.
To determine whether HCMV DNA was specifically
present in liver tumour area, we further performed a
nested PCR for HCMV UL82 (pp71) gene. Interestingly,
HCMV DNA was specifically detected in the tumour
area but not in safe area for one patient among 3 considered patients as previously described for glioma [34],
prostate cancers [36], colon cancers [35], and skin cancers [37]. However, HCMV DNA was either detected in
both tumour and safe areas or not detected for the
other two patients, indicating that the detection of
HCMV DNA in tumour area is not an invariant result
during hepatocellular carcinoma with our experimental
conditions. One limitation of this experiment might be
the use of fixed and paraffin embedded biopsies, as such
treatment was described to impair DNA [59]. Histological evaluation of more liver biopsies might further be
considered to confirm these results.
Some limitations of the current study should be considered. First, the diagnosis of HCMV infection was
based on an indirect test and the absence of antiHCMV-IgG with the detection of HCMV DNA can
occur, especially in immunocompromised patients. Second, the measurement of soluble receptor IL-6 might
have been helpful as an indirect marker of cell hepatic
responsiveness to IL-6 and therefore of CRP expression.
Third, the patients were characterized with only one
measurement of IL-6 and CRP.
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Conclusions
Our results indicate that HCMV seroprevalence in
patients with HCC is significantly higher than in
patients without HCC and is positively correlated with
serum IL-6 levels in cirrhotic patients. If HCMV infection plays a significant role in the etiology of HCC, the
elimination of HCMV infection via the development and
administration of treatments or vaccines [60] may
reduce HCC mortality rates. Colugnati et al. predicted
that a vaccination against HCMV would not need to
have high efficacy nor wide-spread coverage to make a
substantial impact on HCMV transmission, and elimination of HCMV from the population has the potential to
greatly reduce the incidence of disease attributable to
HCMV infection [61]. Therefore, elimination of HCMV
infection is a potentially feasible and important avenue
of study for preventing diseases linked to HCMV infection. Future studies will be needed to further define the
role of HCMV in cancers including HCC.
Additional material
Additional file 1: Table S1. HCMV seroprevalence in departments of a
French University Hospital.

List of abbreviations
HCC: hepatocellular carcinoma; HBV: hepatitis B virus; HCV: hepatitic C virus;
HCMV: human cytomegalovirus; HIV: human immunodeficiency virus; Cir:
cirrhosis; CRP: C-reactive protein; IL-6: interleukin-6; JAK: Janus kinase; STAT3:
signal transducer and activator of transcription 3; MAPK: mitogen-activated
protein kinase; ERK: extracellular signal-related kinase; NF-kB: nuclear factor
kappa b; TNF-α: tumor necrosis factor α; TGF-β: transforming growth factor
β; LPS: lipopolysaccharide; SD: standard deviation.
Acknowledgements
We acknowledge DiaSorin S.A. for providing reagents.
Author details
Department of Virology, University of Franche-Comte, EA 4266, IFR 133
INSERM, CHU Besancon, F-25030 Besançon, France. 2Department of
Hepatology, University of Franche-Comté EA 4266, CHU Besancon, F-25030
Besançon, France. 3Department of Pathology, CHU Besancon, F-25030
Besançon, France.
1

Authors’ contributions
Conceived and design the experiments: QL, VDM, BK, GH. Performed the
experiments: QL, MKT. Analysed the data: QL, MKT, GH. Wrote the paper: GH.
All the authors have read and approved the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Received: 11 September 2011 Accepted: 27 October 2011
Published: 27 October 2011
References
1. Khoruts A, Stahnke L, McClain CJ, Logan G, Allen JI: Circulating tumor
necrosis factor, interleukin-1 and interleukin-6 concentrations in chronic
alcoholic patients. Hepatology 1991, 13:267-276.

Lepiller et al. Virology Journal 2011, 8:485
http://www.virologyj.com/content/8/1/485

2.

3.

4.

5.

6.

7.

8.

9.

10.
11.
12.

13.

14.

15.

16.
17.

18.

19.

20.

21.
22.

23.

Kakumu S, Shinagawa T, Ishikawa T, Yoshioka K, Wakita T, Ito Y,
Takayanagi M, Ida N: Serum interleukin 6 levels in patients with chronic
hepatitis B. Am J Gastroenterol 1991, 86:1804-1808.
Malaguarnera M, Di Fazio I, Laurino A, Ferlito L, Romano M, Trovato BA:
Serum interleukin 6 concentrations in chronic hepatitis C patients
before and after interferon-alpha treatment. Int J Clin Pharmacol Ther
1997, 35:385-388.
Soresi M, Giannitrapani L, D’Antona F, Florena AM, La Spada E, Terranova A,
Cervello M, D’Alessandro N, Montalto G: Interleukin-6 and its soluble
receptor in patients with liver cirrhosis and hepatocellular carcinoma.
World J Gastroenterol 2006, 12:2563-2568.
Malaguarnera M, Di Fazio I, Laurino A, Romeo MA, Giugno I, Trovato BA:
[Role of interleukin 6 in hepatocellular carcinoma]. Bull Cancer 1996,
83:379-384.
Naugler WE, Karin M: The wolf in sheep’s clothing: the role of interleukin6 in immunity, inflammation and cancer. Trends Mol Med 2008,
14:109-119.
Park EJ, Lee JH, Yu GY, He G, Ali SR, Holzer RG, Osterreicher CH,
Takahashi H, Karin M: Dietary and genetic obesity promote liver
inflammation and tumorigenesis by enhancing IL-6 and TNF expression.
Cell 2010, 140:197-208.
Coaquette A, Bourgeois A, Dirand C, Varin A, Chen W, Herbein G: Mixed
cytomegalovirus glycoprotein B genotypes in immunocompromised
patients. Clin Infect Dis 2004, 39:155-161.
Khan KA, Coaquette A, Davrinche C, Herbein G: Bcl-3-regulated
transcription from major immediate-early promoter of human
cytomegalovirus in monocyte-derived macrophages. J Immunol 2009,
182:7784-7794.
Sinzger C, Digel M, Jahn G: Cytomegalovirus cell tropism. Curr Top
Microbiol Immunol 2008, 325:63-83.
Michelson S: Interaction of human cytomegalovirus with monocytes/
macrophages: a love-hate relationship. Pathol Biol (Paris) 1997, 45:146-158.
Humbert M, Delattre RM, Fattal S, Rain B, Cerrina J, Dartevelle P,
Simonneau G, Duroux P, Galanaud P, Emilie D: In situ production of
interleukin-6 within human lung allografts displaying rejection or
cytomegalovirus pneumonia. Transplantation 1993, 56:623-627.
Humar A, St Louis P, Mazzulli T, McGeer A, Lipton J, Messner H,
MacDonald KS: Elevated serum cytokines are associated with
cytomegalovirus infection and disease in bone marrow transplant
recipients. J Infect Dis 1999, 179:484-488.
Browne EP, Wing B, Coleman D, Shenk T: Altered cellular mRNA levels in
human cytomegalovirus-infected fibroblasts: viral block to the
accumulation of antiviral mRNAs. J Virol 2001, 75:12319-12330.
Carlquist JF, Edelman L, Bennion DW, Anderson JL: Cytomegalovirus
induction of interleukin-6 in lung fibroblasts occurs independently of
active infection and involves a G protein and the transcription factor,
NF-kappaB. J Infect Dis 1999, 179:1094-1100.
Geist LJ, Dai LY: Cytomegalovirus modulates interleukin-6 gene
expression. Transplantation 1996, 62:653-658.
Chan G, Bivins-Smith ER, Smith MS, Smith PM, Yurochko AD: Transcriptome
analysis reveals human cytomegalovirus reprograms monocyte
differentiation toward an M1 macrophage. J Immunol 2008, 181:698-711.
Compton T, Kurt-Jones EA, Boehme KW, Belko J, Latz E, Golenbock DT,
Finberg RW: Human cytomegalovirus activates inflammatory cytokine
responses via CD14 and Toll-like receptor 2. J Virol 2003, 77:4588-4596.
Fortunato EA, McElroy AK, Sanchez I, Spector DH: Exploitation of cellular
signaling and regulatory pathways by human cytomegalovirus. Trends
Microbiol 2000, 8:111-119.
Craig R, Larkin A, Mingo AM, Thuerauf DJ, Andrews C, McDonough PM,
Glembotski CC: p38 MAPK and NF-kappa B collaborate to induce
interleukin-6 gene expression and release. Evidence for a cytoprotective
autocrine signaling pathway in a cardiac myocyte model system. J Biol
Chem 2000, 275:23814-23824.
Ben-Neriah Y, Karin M: Inflammation meets cancer, with NF-kappaB as
the matchmaker. Nat Immunol 2011, 12:715-723.
Britt W: Manifestations of human cytomegalovirus infection: proposed
mechanisms of acute and chronic disease. Curr Top Microbiol Immunol
2008, 325:417-470.
Staras SA, Dollard SC, Radford KW, Flanders WD, Pass RF, Cannon MJ:
Seroprevalence of cytomegalovirus infection in the United States, 19881994. Clin Infect Dis 2006, 43:1143-1151.

Page 9 of 10

24. Smieja M, Gnarpe J, Lonn E, Gnarpe H, Olsson G, Yi Q, Dzavik V,
McQueen M, Yusuf S: Multiple infections and subsequent cardiovascular
events in the Heart Outcomes Prevention Evaluation (HOPE) Study.
Circulation 2003, 107:251-257.
25. Aiello AE, Haan M, Blythe L, Moore K, Gonzalez JM, Jagust W: The influence
of latent viral infection on rate of cognitive decline over 4 years. J Am
Geriatr Soc 2006, 54:1046-1054.
26. Wang GC, Kao WH, Murakami P, Xue QL, Chiou RB, Detrick B, McDyer JF,
Semba RD, Casolaro V, Walston JD, Fried LP: Cytomegalovirus infection
and the risk of mortality and frailty in older women: a prospective
observational cohort study. Am J Epidemiol 2010, 171:1144-1152.
27. Michaelis M, Doerr HW, Cinatl J: The story of human cytomegalovirus and
cancer: increasing evidence and open questions. Neoplasia 2009, 11:1-9.
28. Ten Napel HH, Houthoff HJ, The TH: Cytomegalovirus hepatitis in normal
and immune compromised hosts. Liver 1984, 4:184-194.
29. Soderberg-Naucler C: Does cytomegalovirus play a causative role in the
development of various inflammatory diseases and cancer? J Intern Med
2006, 259:219-246.
30. Soderberg-Naucler C: HCMV microinfections in inflammatory diseases
and cancer. J Clin Virol 2008, 41:218-223.
31. Cinatl J, Cinatl J, Vogel JU, Rabenau H, Kornhuber B, Doerr HW: Modulatory
effects of human cytomegalovirus infection on malignant properties of
cancer cells. Intervirology 1996, 39:259-269.
32. Bain M, Sinclair J: The S phase of the cell cycle and its perturbation by
human cytomegalovirus. Rev Med Virol 2007, 17:423-434.
33. Soroceanu L, Cobbs CS: Is HCMV a tumor promoter? Virus Res 2011,
157:193-203.
34. Cobbs CS, Harkins L, Samanta M, Gillespie GY, Bharara S, King PH,
Nabors LB, Cobbs CG, Britt WJ: Human cytomegalovirus infection and
expression in human malignant glioma. Cancer Res 2002, 62:3347-3350.
35. Harkins L, Volk AL, Samanta M, Mikolaenko I, Britt WJ, Bland KI, Cobbs CS:
Specific localisation of human cytomegalovirus nucleic acids and
proteins in human colorectal cancer. Lancet 2002, 360:1557-1563.
36. Samanta M, Harkins L, Klemm K, Britt WJ, Cobbs CS: High prevalence of
human cytomegalovirus in prostatic intraepithelial neoplasia and
prostatic carcinoma. J Urol 2003, 170:998-1002.
37. Zafiropoulos A, Tsentelierou E, Billiri K, Spandidos DA: Human herpes
viruses in non-melanoma skin cancers. Cancer Lett 2003, 198:77-81.
38. Guetta E, Guetta V, Shibutani T, Epstein SE: Monocytes harboring
cytomegalovirus: interactions with endothelial cells, smooth muscle
cells, and oxidized low-density lipoprotein. Possible mechanisms for
activating virus delivered by monocytes to sites of vascular injury. Circ
Res 1997, 81:8-16.
39. Porta C, De Amici M, Quaglini S, Paglino C, Tagliani F, Boncimino A,
Moratti R, Corazza GR: Circulating interleukin-6 as a tumor marker for
hepatocellular carcinoma. Ann Oncol 2008, 19:353-358.
40. Cheng KS, Tang HL, Chou FT, Chou JW, Hsu CH, Yu CJ, Kao ST, Li TC:
Cytokine evaluation in liver cirrhosis and hepatocellular carcinoma.
Hepatogastroenterology 2009, 56:1105-1110.
41. Wiest R, Weigert J, Wanninger J, Neumeier M, Bauer S, Schmidhofer S,
Farkas S, Scherer MN, Schaffler A, Scholmerich J, Buechler C: Impaired
hepatic removal of interleukin-6 in patients with liver cirrhosis. Cytokine
2011, 53:178-183.
42. Poynard T, Yuen MF, Ratziu V, Lai CL: Viral hepatitis C. Lancet 2003,
362:2095-2100.
43. Falleti E, Fabris C, Vandelli C, Colletta C, Cussigh A, Smirne C, Fontanini E,
Cmet S, Minisini R, Bitetto D, et al: Genetic polymorphisms of interleukin-6
modulate fibrosis progression in mild chronic hepatitis C. Hum Immunol
2010, 71:999-1004.
44. Giannitrapani L, Soresi M, Giacalone A, Campagna ME, Marasa M,
Cervello M, Marasa S, Montalto G: IL-6 -174G/C polymorphism and IL-6
serum levels in patients with liver cirrhosis and hepatocellular
carcinoma. Omics 2011, 15:183-186.
45. Cussigh A, Falleti E, Fabris C, Bitetto D, Cmet S, Fontanini E, Bignulin S,
Fornasiere E, Fumolo E, Minisini R, et al: Interleukin 6 promoter
polymorphisms influence the outcome of chronic hepatitis C.
Immunogenetics 2011, 63:33-41.
46. Dendorfer U, Oettgen P, Libermann TA: Multiple regulatory elements in
the interleukin-6 gene mediate induction by prostaglandins, cyclic AMP,
and lipopolysaccharide. Mol Cell Biol 1994, 14:4443-4454.

Lepiller et al. Virology Journal 2011, 8:485
http://www.virologyj.com/content/8/1/485

Page 10 of 10

47. Trautwein C, Caelles C, van der Geer P, Hunter T, Karin M, Chojkier M:
Transactivation by NF-IL6/LAP is enhanced by phosphorylation of its
activation domain. Nature 1993, 364:544-547.
48. Vanden Berghe W, Vermeulen L, De Wilde G, De Bosscher K, Boone E,
Haegeman G: Signal transduction by tumor necrosis factor and gene
regulation of the inflammatory cytokine interleukin-6. Biochem Pharmacol
2000, 60:1185-1195.
49. Naugler WE, Sakurai T, Kim S, Maeda S, Kim K, Elsharkawy AM, Karin M:
Gender disparity in liver cancer due to sex differences in MyD88dependent IL-6 production. Science 2007, 317:121-124.
50. Heinrich PC, Behrmann I, Haan S, Hermanns HM, Muller-Newen G,
Schaper F: Principles of interleukin (IL)-6-type cytokine signalling and its
regulation. Biochem J 2003, 374:1-20.
51. Ghoreschi K, Laurence A, O’Shea JJ: Selectivity and therapeutic inhibition
of kinases: to be or not to be? Nat Immunol 2009, 10:356-360.
52. Taub R: Liver regeneration 4: transcriptional control of liver regeneration.
Faseb J 1996, 10:413-427.
53. Lassoued W, Murphy D, Tsai J, Oueslati R, Thurston G, Lee WM: Effect of
VEGF and VEGF Trap on vascular endothelial cell signaling in tumors.
Cancer Biol Ther 2011, 10:1326-1333.
54. Calvisi DF, Ladu S, Gorden A, Farina M, Conner EA, Lee JS, Factor VM,
Thorgeirsson SS: Ubiquitous activation of Ras and Jak/Stat pathways in
human HCC. Gastroenterology 2006, 130:1117-1128.
55. Chen RH, Chang MC, Su YH, Tsai YT, Kuo ML: Interleukin-6 inhibits
transforming growth factor-beta-induced apoptosis through the
phosphatidylinositol 3-kinase/Akt and signal transducers and activators
of transcription 3 pathways. J Biol Chem 1999, 274:23013-23019.
56. Cheeran MC, Mutnal MB, Hu S, Armien A, Lokensgard JR: Reduced
lymphocyte infiltration during cytomegalovirus brain infection of
interleukin-10-deficient mice. J Neurovirol 2009, 15:334-342.
57. Hurlimann J, Thorbecke GJ, Hochwald GM: The liver as the site of Creactive protein formation. J Exp Med 1966, 123:365-378.
58. Eklund CM: Proinflammatory cytokines in CRP baseline regulation. Adv
Clin Chem 2009, 48:111-136.
59. Quach N, Goodman MF, Shibata D: In vitro mutation artifacts after
formalin fixation and error prone translesion synthesis during PCR. BMC
Clin Pathol 2004, 4:1.
60. Pass RF, Zhang C, Evans A, Simpson T, Andrews W, Huang ML, Corey L,
Hill J, Davis E, Flanigan C, Cloud G: Vaccine prevention of maternal
cytomegalovirus infection. N Engl J Med 2009, 360:1191-1199.
61. Colugnati FA, Staras SA, Dollard SC, Cannon MJ: Incidence of
cytomegalovirus infection among the general population and pregnant
women in the United States. BMC Infect Dis 2007, 7:71.
doi:10.1186/1743-422X-8-485
Cite this article as: Lepiller et al.: Increased HCMV seroprevalence in
patients with hepatocellular carcinoma. Virology Journal 2011 8:485.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

