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Abstract: Prevention of chronic hepatitis C (CHC) and its complications is based on antiviral therapy and early
detection of reliable molecular markers in persons under risk. We investigated whether the methylation status of
RASSFIA and p16 genes, alone or in combination with host and viral factors, affects the response to therapy with
pegylated interferon/ribavirin (PEG-IFN/RBV). Methylation-specific polymerase chain reaction (MSP) was used
to determine the methylation status of the target promoter sequences of RASSFIA and p16 in circulating-free DNA
from the peripheral blood of 49 patients with CHC genotype 1b. The methylation status of the examined genes did
not affect the response to therapy. However, the simultaneous presence of either RASSFIA or p16 methylation and
the CC genotype of IL28B was significantly related to a sustained virologic response (P=0.009 and P=0.032, respec-
tively). After Bonferroni correction, only the result concerning the RASSFIA gene remained significant (P<0.0125).
Methylation of RASSFIA was associated with the CC genotype of the IL28B gene (P=0.024) and a higher viral load
(=400 000 TU/mL, P=0.009). Our results suggest that combined analysis of RASSFIA gene methylation and IL28B
rs12979860 polymorphism could potentially help in the prediction of therapy response in CHC genotype 1b patients.
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INTRODUCTION treating HCV infection in Serbia [3]. The best indi-
cator of effective treatment is a sustained virologic
response (SVR), defined as the absence of detectable

HCV RNA in plasma 6 months after the end of treat-

Chronic hepatitis C infection (CHC) caused by hepa-
titis C virus (HCV) is a global health problem associ-

ated with progressive fibrosis, cirrhosis and ultimately
hepatocellular carcinoma (HCC) [1]. The risk of HCC
development is higher in patients infected with HCV
genotype 1b, which is the most prevalent genotype in
Serbia, Western Europe and the United States [2,3].
Patients carrying this genotype require more intensive
monitoring for the early detection and appropriate
management of the disease.

Therapy with pegylated interferon and ribavirin
(PEG-IFN/RBV) is the standard option available for
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ment [4].

Compared with interferon/ribavirin therapy, cur-
rent direct-acting antiviral combination regimens sig-
nificantly increase the rate of SVR and are of shorter
treatment duration, but are still limited by viral re-
sistance, adverse effects and high cost, especially in
countries with limited resources [5]. Finally, the cure
for HCV infection does not eliminate the risk of de-
veloping HCC, especially in patients with advanced
fibrosis [6].
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Different viral factors (HCV genotype and viral
load) and host factors (age, gender, BMI, pre-treat-
ment alanine aminotransferase levels, stage of liver
tibrosis) can influence the response to therapy [7,8].
One of the strongest host genome predictors of the re-
sponse to PEG-IFN/RBV therapy is the single-nucleo-
tide polymorphism (SNP) rs12979860 near the IL28B
gene that encodes interferon-A [9,10]. The rs12979860
SNP is found upstream of the IFN-A 3 gene in the pro-
moter sequence. This gene produces IL28A (IFN-A 2),
IL28B (IFN-A 3) and IL29 (IFN-A 1), cytokine mem-
bers in the IFN-A family [11]. However, additional
factors may be required to accurately predict the treat-
ment response and the course of the disease.

Previous research indicates that HCV-induced epi-
genetic changes in the host genome, especially changes
in the pattern of DNA methylation, can affect the re-
sponse to PEG-IFN/RBYV therapy [8]. These changes
are an early event in hepatocarcinogenesis, and they
also occur during the early stages of fibrosis [12]. DNA
methylation is an epigenetic modification that refers
to the covalent attachment of a methyl group to the
5-position of the pyrimidine ring of cytosine within
5'-cytosine-phosphate-guanine-3' (CpG) islands in
promoter regions, which leads to gene silencing [13].

Tumor suppressor genes RASSFIA and p16 are
often inactivated by methylation of the promoter re-
gion, not only in HCC but also in varying degrees
of liver fibrosis and cirrhosis [8, 14-17]. RASSF1A is
a multifunctional protein that prevents carcinogen-
esis through different cellular processes, including
cell cycle arrest, inhibition of metastasis, microtu-
bular stabilization and induction of apoptosis [18].
P16INK4a is a cyclin-dependent kinase inhibitor that
prevents phosphorylation of the cell cycle regulator,
retinoblastoma 1-encoded protein (pRb), inducing
G1 phase arrest [19].

Methylation changes can be detected in the tis-
sue as well as in the blood of patients at the stage of
precancerous alterations [12,20,21]. Recent research
has shown that circulating-free DNA, if used as a non-
invasive “liquid biopsy”, i.e., a blood test that enables
molecular testing of liver diseases, could possibly alter
the diagnosis, prognosis and prediction of treatment
response in liver fibrosis and cirrhosis and HCC de-
velopment [22,23].
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The central aim of this study was to detect bio-
logical markers present in peripheral blood that could
serve as potential predictive factors of response to
antiviral treatment with an IFN-based cure in pa-
tients chronically infected with HCV genotype 1b.
We analyzed promoter methylation of the RASSF1A
and p16 genes and SNP rs12979860 to identify their
relationship with clinicopathological parameters, as
well as their individual and simultaneous impact on
response to therapy.

MATERIALS AND METHODS

Patients

All procedures were carried out with prior informed
consent of patients. The study complies with the ethi-
cal guidelines of the 1975 Declaration of Helsinki and
was approved by the Ethics Committee of the Vinca
Institute of Nuclear Sciences, National Institute of the
Republic of Serbia, University of Belgrade (Approval
No. 116-8-2/2021-000). Our study included 49 patients
(20 females, 29 males; median age 44.34, range 22-67
years) with CHC genotype 1b. All samples were col-
lected before the start of PEG-IFN/RBV therapy. The
virologic response was defined as a sustained virologic
response (SVR) if there was an absence of HCV RNA
in the plasma 6 months after the end of treatment,
and non-response (NR) if the presence of HCV RNA
was observed in plasma 6 months after of cessation
of treatment. The METAVIR scoring system [24] was
used for evaluation of histological activity grade and fi-
brosis as follows: FO (no fibrosis), F1 (mild fibrosis), F2
(moderate fibrosis with few septa), F3 (severe fibrosis
with numerous septa without cirrhosis), F4 (cirrhosis).

HCYV RNA extraction

Ribo-Sorb-100 (HCV Quant) RNA/DNA Extraction
Kit (Sacace Biotechnologies, Como, Italy) was used for
the extraction of total RNA from 100 pL of plasma ac-
cording to the manufacturer’s protocol. The concentra-
tion of HCV RNA was determined by real-time PCR
(Applied Biosystems 7500, Foster City, USA) using
the commercially available R-TMQ HCV Kit (Sacace
Biotechnologies, Como, Italy) according to the manu-
facturer’s instruction (sensitivity limit-250 IU/mL),
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while genotyping of HCV was performed with a com-
bination of type/specific primers as described previ-
ously [25,26].

Genotyping of IL28B

Genomic DNA was isolated from plasma using a com-
mercially available kit QIAmp UltraSens (Qiagen,
GmbH, Germany) according to the manufacturer’s
instructions. The IL28B single nucleotide polymor-
phism rs12979860 was analyzed using Custom® SNP
Genotyping Assays (Applied Biosystems) with allele-
specific TagMan probes designed and reported previ-
ously [27]. Genotyping was performed on ABI-7500
real-time PCR (Applied Biosystems, Foster City, USA)
in 25 pL of reaction volume containing 10 ng DNA,
12.5 uL TagMan® Universal PCR Master Mix and 1.25
uL (40x) Custom® SNP Genotyping Assays.

Methylation analysis of the RASSFIA and p16 genes

Circulating-free DNA was extracted from plasma us-
ing the commercially available kits QIAmp UltraSens
(Qiagen, GmbH, Germany) and Ribo-Sorb-100
(HCV Quant) RNA/DNA Extraction Kit (Sacace
Biotechnologies, Como, Italy) according to the manu-
facturers’ instructions. The methylation status of the
RASSIA and p16 genes was determined by chemi-
cal bisulfite modification of DNA and subsequent
PCR, using primers specific for either methylated or
unmethylated DNA. DNA methylation patterns in
the promoter CpG islands of the RASSIA and p16
genes were determined by methylation-specific PCR
(MSP). For each sample, we performed two PCR re-
actions, one with specific primers for unmethylated
DNA and one with specific primers for methylated
DNA. The EZ DNA Methylation-Lightning™ Kit
(Zymo Research, Orange, CA, USA) was used for
sodium bisulfite conversion of circulating-free DNA
(100-500 ng), according to the manufacturer’ instruc-
tion. For MSP reactions, 1 pL of 10 pL of bisulfite
modified DNA was used. The PCR mixture for the
MSP reaction for the p16 gene contained 10 x PCR
buffer (16 mmol/L ammonium sulfate, 67 mmol/L
Tris-HCL, pH 8.8, 10 mmol/L 2-mercaptoethanol),
6.7 mmol/L MgClz, dNTP (each at 1.25 mmol/L),
primers (300 ng each per reaction), 5% dimethyl-
sulfoxide (DMSO) and 0.4 mg/ mL of bovine serum
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albumin (BSA) in a final volume of 25 pL. The PCR
mixture for the MSP reaction for RASSFIA contained
the same components except DMSO and BSA. The
PCR reaction mixtures were hot-started at 95°C for
5 min before the addition of 1 U of Taq polymerase
(Thermo Scientific, USA). Amplification was carried
out in an Applied Biosystems 2720 temperature cycler
for 40 cycles: 45 s at 95°C, 45 s at the annealing tem-
perature being specific for each primer set (primer
sets for RASSFIA methylated at 60°C, primer set for
RASSF1A unmethylated at 55°C and primer sets for
pl16 unmethylated at 60°C, primer sets for p16 meth-
ylated at 60°C), and for 60 s at 72°, followed by final
extension for 5 min at 72°C. The primer sequences are
listed in Supplementary Table S1 [28,29]. As a negative
control for the methylated alleles, DNA isolated from
peripheral blood lymphocytes of 10 healthy volun-
teers was used. The same lymphocyte DNA served as
a positive control for all genes after it was methylated
in vitro with excess M.SssI methyltransferase (New
England Biolabs, USA), which generate completely
methylated DNA at all CpG sites. The PCR products
were separated by electrophoresis on 6% acrylamide
gels, stained with silver nitrate and sodium carbonate.

Statistical analysis

The results are presented as the mean+standard devia-
tion or number (percentage). Differences in frequency
distribution between two categorical variables were
evaluated by Pearson’s x* test or Fisher’s exact two-
tailed test, when expected frequencies were lower
than five. The means of normally distributed continu-
ous variables were compared using Student’s t-test,
while the Mann-Whitney U test was used for means
of skewed continuous variables. We performed the
Bonferroni correction for multiple testing where the
appropriate and considered P-value cut-off <0.0125
was significant. For all other analyses, a P-value <0.05
were considered statistically significant. All statistical
analyses were performed using the Sigma Plot 14.0
licensed statistical analysis software package.

RESULTS

Concerning HCV infection, clinical and pathological
characteristics of the patients, the following results
were obtained. The mean age of all our patients was
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Table 1. IL28B rs12979860 polymorphism distribution according to re-
sponse to therapy and baseline characteristics of patients with chronic HCV

infection genotype 1b
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the rs12979860 CC genotype were markedly
younger than those with CT/TT genotypes

(41.9+11.9 vs 48.9+10.1, P=0.039, Student’s

responders (SVR)

Clinical and pathological IL;(igILS;rZ:;Z?:O t-test; Table 1). Patients with the CC genotype

characteristics of patients CT/TT cC of IL28B significantly more frequently had a

Age (Years) ' 48.857 + 10.101 | 41.923 + 11.883 | 0.039' SVR than the NR group of patients (P<0.001,

Gender Fisher’s exact two-tailed test; Table 1).

Male 13/29 (44.8%) | 16/29 (55.2%) 0.782

Female 8/18 (44.4%) | 10/18 (55.6%) RASSFI1A and p16 gene methylation status

Stages of fibrosis *

FO - F2 11/26 (42.3%) | 15/26 (57.7%) | g, Analysis of the RASSFIA and p16 methylation

F3 - F4 10/21 (47.6%) | 11/21(52:4%) status was successfully performed in all 49 pa-

Sustained virologic <0.001° gene was detecte?l in 32.6% (16/49), whl.le
1/20 (5%) 19720 (95%) aberrant methylation of p16 was detected in

" Data expressed as the mean+SD; * Stage of fibrosis expressed by the METAVIR
score (fibrosis 0-2 and 3-4); HCV - hepatitis C virus; * Statistically significant.
Statistical tests used were Student’s t-test, Pearson’s x* test, and Fisher;s exact two-
tailed test when the expected frequencies were lower than five. The analysis failed

in two patients.

NL PC HCV20 HCVIZ  HCV23
U M U M U M
200 bp ¥ 3 k&
RASSFI1A4 P u . u u
150 bpl -

pl6

Fig. 1. Analysis of RASSFIA and p16 gene methylation status by
methylation-specific polymerase chain reaction (MSP). The pres-
ence of a visible PCR product in lanes U indicates the presence
of unmethylated RASSFIA (169 bp) and p16 (151 bp) genes; the
presence of product in lanes M indicates the presence of meth-
ylated RASSFIA (169 bp) and p16 (150 bp). Samples of plasma
with HCV, 20 and 23 show RASSFIA promoter hypermethylation,
while samples 23 and 8 show p16 promoter hypermethylation;
NL - normal lymphocytes as a positive control for unmethylated
alleles; PC - in vitro methylated DNA from normal lymphocytes
as a positive control for methylated alleles; L — molecular weight
marker (50 bp); HCV - hepatitis C virus.

44.3+11.8; a sustained virologic response was achieved
in 42.9% (21/49) of patients while 57.1% (28/49) were
NR. IL28B typing showed that 55.3% (26/47) of the
patients carried genotype CC, while 44.7% (21/47)
had genotype CT/TT at rs12979860. Patients with

28.6% (14/49) of cases. Concomitant meth-
ylation of RASSFIA and p16 was detected in
3 out of 49 (6.1%) cases, while 27 out of 49
patients (55.1%) had at least one methylated
gene. Methylation of the analyzed genes was
not observed in any of the control samples.
Representative examples of the methylation analysis
are shown in Fig. 1.

Association between RASSFIA and p16
methylation status and clinicopathological
parameters, IL28B genotype and the response to
therapy

The results of analyses between the RASSF1A and
p16 methylation status and baseline characteristics
of patients with CHC infection genotype 1b are sum-
marized in Table 2. There was no correlation between
the methylation statuses of either the RASSFI1A or p16
gene and the examined parameters, including patient
age, gender and stage of liver fibrosis. However, a sig-
nificant association between promoter methylation of
RASSFIA and the CC genotype of IL28B (p = 0.024,
Fisher’s exact two-tailed test; Table 2) was observed.
A significant association between promoter methyla-
tion of RASSFIA and a higher HCV RNA load (=400
000 IU/ml, P=0.009, x* test; Table 2) was noted. Such
associations regarding the methylation status of the
p16 gene were not found.

The methylation status of RASSF1A and p16 con-
sidered individually was not related to the response to
PEG-IFN/RBV therapy. However, when we compared
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Table 2. Methylation status of RASSFIA and p16 genes according to IL28B rs12979860 polymorphism distribution and baseline charac-

teristics of patients with chronic hepatitis C infection genotype 1b

Clinical and pathologi- Methylation status Methylation p
cal characteristics of of RASSFIA gene P status of p16 gene
patients Methylated | Unmethylated Methylated Unmethylated
Age (Years) ' 43.438 £13.059 |44.788 £11.401 | 0.712 | 44.429 +£10.646 |44.314 +12.442 0.976
Gender
Male 11/29 (37.9%) | 18/29 (62.1%) 8/29 (27.6%) 21/29 (72.4%)

0.523 0.890
Female 5/20(25%) 15/20 (75%) 6/20 (30%) 14/20 (70%)
Stages of fibrosis *
FO - F2 9/27 (33.3%) | 18/27 (66.7%) 8/27 (29.6%) 19/27 (70.4%)

0.846 0.892
F3-F4 7/22 (31.8%) 15/22 (68.2%) 6/22 (27.3%) 16/22 (72.7%)
Therapy outcome
Non-responders (NR) 6/28 (21.4%) | 22/28 (78.6%) 7/28 (25%) 21/28 (75%)
Sustained virologic 0 0 0.104 0 0 0.749
responders (SVR) 10/21 (47.6%) | 11/21 (52.4%) 7/21(33.3%) 14/21 (66.7%)
IL28B rs12979860 polymorphism®
cC 13/26 (50%) | 13/26(50%) | o . 7126 (26.9%) 19/26 (73.1%) | | o
CT/TT 3/21 (14.3%) | 18/21 (85.7%) ' 7/21 (33.3%) 14/21 (66.7%) '
HCYV RNA load (IU/ml) *
< 400,000 9/25 (36%) 16/25 (64%) . 8/25 (32%) 17/25 (68%)

0.009 0.607
> 400,000 15/20 (75%) 5/20 (25%) 5/20 (25%) 15/20 (75%)

" Data expressed as the mean+SD; * Stage of fibrosis expressed by the METAVIR score (fibrosis 0-2 and 3-4); ® Data are missing for two patients for the given parameter;
HCYV - hepatitis C virus; " Statistically significant. Statistical tests that were used are Students t-test, Mann-Whitney U test, Pearson’s x” test, Fisher’s exact two-tailed test

when the expected frequencies were lower than five.

A)
90.00%
80.00%
70.00% —
60.00% —
sy P=0.009 ESVR
40.00% + —
30.00% | ®NR
20.00% [ —
10.00% - —
0.00% T )
B) RASSF1An/IL28BCC remaining gToupsT
90.00%
80.00% -
70.00% +
60.00% - —
] P=0.032 T s
30.00% (S
20.00% - —
10.00% - | —
0.00% ‘ )
pl6m/IL28BCC remaining groupsi

Fig. 2. Correlation of RASSFIA and p16 methylation status, IL28B
genotype and response to therapy. A - Impact of RASSF1A methyl-
ation and IL28B genotype on therapy response. ' Remaining groups
are IL28B CT,TT/RASSF1An; IL28B CT,TT/RASSF1Am and IL28B
CC/RASSF1An. B - Impact of p16 methylation and IL28B geno-
type on therapy response. SVR - sustained virologic responders;
NR - non-responders. * Remaining groups are IL28B CT,TT/pI6n;
IL28B CT,TT/pI16m and IL28B CC/pI6n. All P-values were ob-
tained with Fisher’s exact two-tailed test. After the Bonferroni cor-
rection, only the association of IL28B CC/RASSFIAm and therapy
response remained significant (P<0.0125).

the groups of patients with both methylated (p16m/
RASSF1Am) and both unmethylated genes (p16u/
RASSF1Au), we noticed that all patients in the NR
group carried p16u/RASSF1Au (15/15), while all three
patients (3/3) with p16m/RASSF1Am belonged to the
SVR group. Nevertheless, this result did not reach a sta-
tistically significant level (P= 0.052, Fisher’s exact test).

In further analysis, we explored if there was an
association between the methylation status of each
gene in combination with IL28B rs12979860 and the
response to the antiviral therapy. We observed that
in the group of patients with the simultaneous pres-
ence of methylated RASSFIA and IL28B CC genotype
(IL28BCC/RASSF1Am), SVR had been achieved in
76.9% (10/13) of instances, and in all other patients in
only 29.4% (10/34) of cases. Similarly, in the group of
patients with a concurrent presence of p16 methyla-
tion and the IL28B CC genotype (IL28BCC/p16m),
SVR was observed in 85.7% (6/7) of the cases, and
in 35% (14/40) of the remaining patients. The ob-
served results were statistically significant for both
genes (P=0.009 and P=0.032, respectively, Fisher’s ex-
act two-tailed test; Fig. 2). However, after performing
the Bonferroni correction, only the result regarding
the RASSFIA gene remained significant (P<0.0125).
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In a more comprehensive analysis, we observed
that in patients with advanced fibrosis who carried the
CT/TT IL28B genotype, the RASSFIA gene was ex-
clusively unmethylated (10/10, 100%; Supplementary
Table S2) and 90% (9/10) of these patients were NR
(Supplementary Table S3). On the other hand, the dis-
tribution of RASSF1A methylation among patients
with the CC IL28B genotype and their response to
the antiviral therapy was similar, irrespective of the
stage of fibrosis. Thus, in the subgroup with mild or
no fibrosis, 83.3% (5/6) of patients had SVR, while
71.4% (5/7) of the patients with severe fibrosis had
SVR (Supplementary Table S3). These results were not
statistically processed because of the small number of
samples in each group.

DISCUSSION

In patients with CHC, both viral and host genetic
and epigenetic factors can influence the response to
therapy and progression of the liver disease [7,8]. One
of the strongest host genome predictors of SVR for
PEG-IFN/RBV treatment is the CC genotype of the
IL28B gene, and our results are in agreement with
the findings of other authors in different populations
[9,10,30,31]. However, recent reports have shown that
SVR does not eliminate the risk of HCC occurrence
and that HCV-related epigenetic changes can persist
even after treatment with antiviral therapy [6,32,33].

Previous research has revealed the role of HCV
infection in accelerating promoter methylation of
genes implicated in HCC development and response
to treatment in CHC patients [8,12]. As methylation
changes occur early in HCV infection and gradually
increase during liver disease progression, they could
also predict the risk of HCC.

RASSF1A and pl6 are two tumor suppressor
genes often methylated in different stages of fibrosis,
cirrhosis and HCC, but not in normal liver [8,14-
17,19,34,35]. However, their clinical relevance is not
fully understood. We assessed the methylation status
of these genes in a group of patients with genotype 1b
and their possible relation to host and viral factors,
and the response to PEG-IFN/RBV therapy.

Aberrant methylation of RASSFIA and p16 was de-
tected in 32.6% and 28.6% of the cases, respectively. The
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observed frequencies of methylation in our study fit
into the percentages reported in previous studies, which
range from 16.2% to 68.4% for RASSFIA [17,36,37]
and from 23.5% to 62% for the p16 gene [34,37], de-
pending on the stage of the disease. Existing literature
data indicate that the methylation of p16 and RASSFI1A
gradually increases with disease progression, with the
highest levels detected in HCC [8,18,36-39]. The meth-
ylation status of RASSFIA or p16 was not related to
host factors, such as fibrosis, age and gender of patients.
According to previous studies, it was reported that the
methylation of both RASSFIA and p16 gene is associ-
ated with mild fibrosis [37], while such an association
was observed for RASSFIA promoter methylation only
[8]. The discrepancies in our and these results could be
attributed to the small sample size (as in our study), or
to different HCV genotypes that were analyzed, since
both research groups analyzed genotype 4.

We observed that methylation of the RASSFIA
gene was significantly more prevalent in patients with
the CC genotype of the IL28B gene and associated
with an HCV RNA load that was higher than 400,000
IU/mL. To the best of our knowledge, there are no
other reports about such associations, hence our find-
ings need further investigation. At the beginning of
the research, 800,000 IU/mL of viremia represented a
cut-off between a low and high HCV viral load [40].
However, subsequent research established that an ini-
tial HCV RNA concentration of 400,000 IU/mL is a
cut-off point between low and high viremia in geno-
type 1b, which is also associated with the response to
therapy [41,42], albeit not in ours. It is possible that
the higher viral load induced higher methylation rates
through dysregulation of the methylation machinery
and indirectly, through proliferative stimuli associated
with inflammation [36].

We did not observe the association of RASSFIA
and p16 promoter methylation in the response to
PEG-IFN/RBYV therapy when these two genes were
analyzed separately. However, the simultaneous oc-
currence of either RASSFIA or p16 methylation with
the CC IL28B genotype was strongly associated with
SVR, although only the result for RASSF1A remained
significant after performing corrections for multiple
comparisons. Therefore, the role of p16 should be fur-
ther examined on a larger sample size. The predictive
role of DNA methylation profiles of specific genes in
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CHC patients has not been well studied with only a
few studies [8,12,37,43]. Existing literature data sug-
gest that methylation of the RASSFIA and p16 genes
was significantly related to the NR group of patients
[8,37]. This discrepancy in our results could be ex-
plained in part by the fact that both groups of authors
examined patients with HCV genotype 4, and it is well
known that virus genotype can affect the response to
antiviral therapy. In addition, some studies have re-
ported geographic variations and race characteristics
in the methylation pattern of multiple genes involved
in HCC, which should be also taken into account [44].

To the best of our knowledge, this is the first study
to analyze the association between SNP rs12979860
and the methylation status of RASSFIA and p16 and
their simultaneous impact on therapy. Literature data
suggest that RASSFIA and IL28B could be related, in
part, through the regulation of interleukin-6 (IL-6)
gene expression. IL-6 is a multifunctional cytokine
implicated in the regulation of a wide range of activi-
ties, including inflammation, hematopoiesis and carci-
nogenesis [45]. Increased IL-6 expression is related to
unfavorable clinical outcomes in HCV patients and is
also implicated in the progression of different cancer
types, including HCC [46,47]. While it was shown
that CHC patients with the IL28B CC genotype have
significantly increased concentration of IL6 [48], it
was reported that RASSFIA induces IL-6 expression
in A375 melanoma cells [49]. Thus, we can speculate
that the absence or decreased RASSFI1A expression
because of RASSFIA promoter methylation could pos-
sibly lead to reduced IL6 expression as well. However,
this assumption needs to be verified.

On the other hand, we demonstrated that in pa-
tients with advanced fibrosis who carried the CT/TT
IL28B genotype, RASSF1A was exclusively unmethyl-
ated, while the distribution of RASSF1A methylation
among patients with the CC IL28B genotype was simi-
lar, irrespective of the stage of fibrosis. This finding
supports our hypothesis that there could be some as-
sociation between the IL28B genotype and RASSFIA
methylation. However, additional studies on a larger
sample size are needed to confirm our findings.

Several studies have shown that methylation
changes can be detected in tissue as well as in the
blood [12,20,21]. Therefore, the methylation changes
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of circulating-free DNA isolated from serum or plas-
ma could be preferably used as noninvasive prognostic
or diagnostic biological markers. The limitation of the
present study is that the assessment of the methylation
status of RASSFIA and p16 in liver tissue and its cor-
relation with plasma levels was not available.

In conclusion, defining reliable molecular markers
that will effectively predict the response to IFN-based
therapy and the risk of HCC development would be of
great clinical interest for patients chronically infected
with HCV genotype 1b. According to the results of
our study, the potential predictive role of RASSFIA
and p16 methylation deserves further investigation.
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