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Abstract

Background: Recent clinical studies have shown that the presence of CC genotype in the rs12979860 region of IL28B gene
is associated with an increase in the probability of spontaneous clearance of hepatitis C virus (HCV). Moreover, IL28B
polymorphism seems to influence the probability of developing liver steatosis in chronic HCV patients.

Aims: The aims of our clinical study were 1) to verify the distribution of IL28B genotypes (CC, CT or TT) among subjects with
spontaneous clearance of HCV infection and 2) to examine the correlation between IL28B polymorphism and hepatic
steatosis among these subjects.

Methods and patients: We enrolled 41 subjects with spontaneous resolution of HCV infection (detectable serum anti-HCV
but undetectable HCV-RNA) and 134 healthy controls from the same geographical area. The IL28B single-nucleotide
polymorphism (SNP) rs12979860 was genotyped by using a Pyrosequencing'™ technique. The presence of steatosis was
assessed by liver biopsy or ultrasound examination in the 41 study subjects.

Results: CC, CT and TT-genotypes of the SNP rs1979860 were found in 66%, 24% and 10% of the subjects who
spontaneously cleared HCV and in 31%, 54% and 15% of controls, respectively (p=0.0003). Among the study subjects,
females with CC-genotype were significantly more represented (p =0.02). Hepatic steatosis did not correlate with 1L28B
genotype (p=0,14) but only with a high body mass index (BMI) value (p=0.03).

Conclusions: Female subjects carrying IL28B CC-genotype are significantly more represented among Italian patients who
spontaneously cleared HCV infection. In addition, among these subjects, the presence of liver steatosis does not correlate
with IL28B genotype but is solely related to the occurrence of high BMI. Thus, the association between IL28B polymorphism
and steatosis in chronic HCV patients requires the presence of active HCV replication to occur, while in subjects who have
cleared the infection, the mechanism(s) inducing liver steatosis are independent from IL28B profile.
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Introduction Recent genome-wide association studies (GWAS) have shown a
single-nucleotide polymorphisms (SNPs) around the gene coding

Hepatitis C virus (HCV) is a positive-stranded RNA virus and for IFN-A-3 (or IL28B), located on chromosome 19q13, to be
one of the most common blood borne infectious agent worldwide.

HCV infection induces a wide range of innate and adaptive
immune responses [1-2] but eventually the majority of infected
individuals develop chronic HCV infection, while only approxi-
mately 30-40% of them spontaneously clear the virus [3]. In these
subjects, serum anti-HCV antibodies remain detectable for a long
time without evidence of circulating HCV-RNA.

Several clinical studies demonstrated that viral [4-5], environ-
mental [6] and host [6,7] factors have a significant role in
protecting against the development of chronic HCV infection.
However, the mechanisms that address host’s response to the
spontancous clearance of the virus are still not perfectly known.

associated with spontaneous virus clearance in patients with HCV
infection. Such polymorphism could explain at least in part the
heterogeneity in HCV clearance across different ethnicity and
across individuals [8].In caucasian population, rs12979860 was
widely examined and was shown to be associated with a higher
probability of spontaneous clearance of HCV [7,9]. Across all
examined cohorts, subjects with the CC genotype were three times
more likely to clear HCV relative to non-CC, i.e. heterozygotes
(CT) and homozygotes for the minor allele (T'T).

In addition, a significant association has been found between
IL28B CT or TT genotypes and hepatic steatosis in chronic HCV
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infection [19-11], which is probably mediated by a higher
expression of IFN-stimulated genes (ISGs) in carriers of such
genotypes [12].

Three SNPs have been identified and studied worldwide:
rs12979860, rs12980275 and rs8099917, which are in strong
linkage disequilibrium (LD) with each other [13]. We have chosen
to investigate rs12979860 polymorphism because the association
of this SNP either with spontaneous clearance of HCV either with
disturbances of lipid metabolism and hepatic steatosis are the most
widely studied in Caucasian subjects [10,14—15] and it would be
easier to compare our results with others already published.

Therefore, we genotyped this SNP in a cohort of individuals
who spontaneously cleared the virus and compared the distribu-
tion of the alleles with that of a HCV-negative control population
from the same geographical origin. In addition, we explored the
association of IL28B genotypes with steatosis in subjects with
spontaneous resolution of HCV infection, to evaluate whether it is
demonstrable also in the absence of actively replicating HCV.

In the present study we confirmed that subjects who spontane-
ously cleared HCV infection carry the CC genotype with higher
frequency compared to controls. Moreover, among subjects
without active replication of HCV, we could not demonstrate an
association between hepatic steatosis and IL28B genotype,
indicating that the lipid metabolism disturbance observed in
CT/TT patients with chronic HCV infection requires the
presence of actively replicating HCV virus to occur. Therefore it
is not independent from, but presumably mediated by the poor
control on HCV replication that patients with the unfavourable
IL28B genotype exert.

Patients and Methods

Patients and controls

Our study was done in a cohort of 41 subjects (study subjects)
enrolled from January 2008 to January 2012 at the Department of
Tropical and Infectious Diseases of the Sapienza University of
Rome. The established criteria for the enrolment were: repeatedly
positive anti-HCV antibodies by third generation ELISA test
(Abbott HCV EIA 2.0, Abbott Laboratories, Abbott Park, Illinois)
in at least three examinations done 3-6 months apart; negative
serum HCV-RNA by PCR (Abbott Real Time HCV quantitative
assay, Abbott Laboratories, Abbott Park, Illinois, with a detection
limit of 10 IU/ml) in the last three consecutive samples obtained at
3-6 months interval during the follow-up (9-60 months); and no
history of antiviral treatment.

In order to assess a possible difference in prevalence of
rs12979860 alleles between individuals who spontaneously cleared
HCV and the general population, we compared the results of the
study subjects to those obtained in healthy control subjects of the
same cthnicity and from the same geographical context, to avoid
any bias due to the not uniform distribution of IL28B alleles
among different populations and ethnic groups [16]. The control
population consisted of 134 consecutively recruited health-care
workers without ALT abnormalities or any other relevant
pathology, who tested negative for HCV, HBV and HIV.

All the subjects have been thoroughly informed about the aim of
the study and they gave a written consent to undergo the analysis
of their DNA from peripheral blood mononuclear cells (PBMCis).
The study was performed in accordance with the ethical guidelines
of the 1975 Declaration of Helsinki and was approved by the local
ethical committee. The study was performed according to the
GCP rules and approved from the Ethical Committee of the
Policlinico Umberto I.
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Assessment of steatosis

Steatosis was assessed by liver biopsy in study subjects who had
raised ALT levels in at least one occasion during the follow-up. In
the remaining subjects, who were HCV-RNA negative and had
persistently normal ALT levels, a liver biopsy was considered
unethical, therefore a careful ultrasound evaluation was done to
evaluate the presence of liver steatosis. To this end, the following
five main criteria were employed [17]. 1) Presence of hyperecho-
genic parenchyma, with fine, tightly packed echoes: the so-called
parenchymal brightness; 2) evident ultrasonographic contrast
between hepatic parenchyma and right renal cortex; 3) deep
beam attenuation with blurred, gray or indistinguishable dia-
phragm; 4) presence of bright walls of small intrahepatic vessels
during the first minutes of the US examination; 5) poor definition
of gallbladder wall (blurred or absent). The presence of at least two
criteria was necessary to confirm the presence of steatosis [17].

IL28B genotyping

Genotyping of the IL28B (rs12979860) was conducted in a
blinded fashion relative to the subject being a case or a control.
Total DNA, extracted from whole blood samples, was subjected to
the Pyrosequencing™™ technique, using PSQ96 instrument from
Pyrosequencing” ™ AB [18]. This sequencing method is based on
real-time pyrophosphate detection, which may be advantageous
compared to other sequencing methodologies. First of all the
sequencing primer was hybridized to an immobilized single-
stranded DNA template. Then we loaded into a reagent cartridge
(PSQY6. SNP Reagent Kit, Pyrosequencing AB) a mixture of four
enzymes (DNA polymerase, ATP sulfurylase, luciferase, and the
nucleotide-degrading enzyme apyrase), the substrate luciferin and
the four separate deoxynucleotides. After the dispensation of the
enzyme reagents and the substrate into the microtiter, each
different nucleotide has been dispensed sequentially by ink-jet
technology. For SNP detection the dispensation order was pre-
defined and automatically selected for rs 12979860 SNP, using the
SNP Entry module of the SNP Analysis Software (Pyrosequencing
AB). The result of these cycles of nucleotide delivery was a
pyrophosphate’s (PPi) release at every nucleotide incorporated.
Subsequently, the pyrophosphate is converted to ATP by ATP
sulfurylase and light generated from the subsequent reaction,
catalyzed by luciferase, was recorded by a CCD camera. Between
two cycles, unincorporated nucleotides were degraded by apyrase.
We used as positive controls presynthesized DNA template,
corresponding to homozygotes and heterozygotes for the SNP, as
well as template and primer oligonucleotides obtained from
Pyrosequencing” ™ AB. Genotyping calls were manually inspected
and verified prior to release. Hardy-Weinberg Equilibrium was
assessed.

Statistical analysis

SPSS statistical software, Version 17.1 (SPSS Inc. Chicago,
Illinois, USA) was used. Chi-square testing or Fisher’s exact test
was applied when appropriate for testing the association of IL28B
genotype with all other characteristics. Continuous variables are
presented as mean * standard deviation (SD), and Mann-Whitney
non-parametric test is employed for comparison. IL28B genotypes
were coded either to test each genotype (CC, CT and TT), either
to test a recessive model, comparing patients homozygous (CC) to
those with one or no copies of the C allele (C'T/TT). Univariate
and multivariate logistic regression analyses were performed to
evaluate the correlation of steatosis with IL28B genotype and
other variables.
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Results

Demographic and epidemiological characteristics

Our study cohort consisted of 41 subjects (mean age 56 years *
DS 15, range 23-82 years), 95% Caucasian (39/41), the majority
were female (63%) and mean BMI was 24.1 kg/m2i4 (range
15.6-35 kg/m?). The characteristics of the subjects are reported in
Table 1. Thirty-five subjects had normal ALT levels (85%), while
6 had values between 1,2 and 2 times the upper normal values. All
subjects were negative for HIV and for hepatitis B surface antigen
(HBsAg), 10 (26%) reported previous vaccination against hepatitis
B virus (HBV), and 10 (26%) had anti-HBs and anti-HBc
antibodies indicating spontaneous resolution of HBV infection.

HCV infection was diagnosed between 2 and 25 years before
the enrolment in the study and the mean duration of follow-up
(FU) was 10,7£6 years. Interestingly, although no age difference
according to sex was observed (males 53*15 years and females
57*15 years, Mann-Whitney p =0.4), the mean FU was signif-
icantly longer in females compared to males (137 versus
7%4 years, p=0.01). A detectable viremia was found at least
once during the FU in 11 subjects (27.5%) who had a significantly
longer FU compared to always negative ones (16%7 versus
9£6 years p=0.006). The viral genotype was identified only in
four subjects: 2 with genotype 1b, one with genotype la and one

Table 1. Baseline Characteristics of the 41 subjects with
spontaneous resolution of HCV infection enrolled in the study.
Baseline Characteristics Mean *+ SD N (%)
Age (years) 56,2+15
Female sex 24 (63)
BMI (Kg/cm?) 24,1+4
BMI >25 Kg/cm? 18 (44)
Abnormal transaminases values 6 (16)
AST (IU/ml) 36+3
ALT (1U/ml) 43+3
Cholesterol Total mg/dl 198.6+45
HDL Cholesterol mg/dl 53.6*12
LDL Cholesterol mg/dl 125.5+39
Tryglicerides mg/dl 124.1+55
Hepatic Steatosis 25 (66)
Documented positive HCV 11 (27)
viremia in the past
HCV genotype identified* 4 (10)
Time from the first detection of 10.7£6
anti-HCV (years)
Anti-HBc and anti-HBs positive 10 (26)
Only anti-HBs positive (vaccine 10 (26)
recipients)
Risk Factors for HCV infection#
Previous intravenous 3(7)
illicit drugs use
Blood or blood components transfusions 14 (34)
Heath Care Workers 4 (10)
Family member of HCV positive 14 (34)
Major surgical interventions 18 (44)
*: 2 genotype 1b, 1 genotype 1a, 1 genotype 4.
#: not mutually exclusive.
doi:10.1371/journal.pone.0067301.t001
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with genotype 4d. Overall, 3 subjects (7.5%) lost anti-HCV during
the FU, none of whom had had a detectable HCV-RNA; although
no difference in FU length was observed in subjects who became
anti-HCV negative compared to persistently positive ones, those
who became negative were significantly younger (40.6 versus
57.4 years; p=0.04).

All efforts were made to ascertain the potential route of infection
for each subject because the amount of inoculum could represent a
condition associated with the spontaneous clearance of the
infection. The modes of HCV acquisition, not mutually exclusive,
are reported in Table 1. It is noteworthy that intravenous drug use
(IDU) and occupational exposure (e.g. nursing and medical
profession) were uncommon (3 subjects =7.5% and 4 subjects
=10%, respectively), while the majority of subjects reported at
least one surgical intervention: 18 subjects (44%) reported a major
and 11 (27%) a less invasive surgical procedure (e.g. arthroscopy or
laparoscopy). Also a history of blood and/or blood product
transfusion or the presence of sexual partner or a family member
with known HCV infection were quite common (14 subjects, 34%
for each risk factor; Table 1). Subjects with history of surgery were
significantly older (59.6 versus 39 years; p=0.001) while IDU
subjects were younger (40 versus 57 years, p=0.05) compared to
all other subjects. No correlation between risk factors and history
of detectable viremia or loss of anti-HCV was found.

IL28B results

IL28B rs12979860 genotype was characterized in all subjects.
Overall, CC genotype was significantly more frequent in the study
population compared to controls (27/41=66% among study
group subjects versus 42/134 = 31% among controls), while on the
controls (92/134=68% versus 14/41=34% ; x> p<0.0001,
figure 1). This finding supports the hypothesis that a segregation of
CC genotype occurs in subjects who spontaneously cleared HCV
infection. Due to the distribution of the two rs12979860 alleles
combination in this population, for further analysis IL28B
genotypes were collapsed into a recessive model and comparisons
were performed as CC versus non-CC genotypes.

We explored whether in subjects with spontaneous resolution,
IL28B polymorphism was associated with different risk factors, but
no such association could be demonstrated (data not shown).

The characteristics of the study subjects according to rs1279860
genotype are reported in Tale 2. A significant correlation between
sex and IL-28B genotype was observed (Table 2). Interestingly, the
majority of the CC subjects were females (21, 78%) while all T'T
subjects were males (4, 100%; %° test, p=0.02). In addition, no
correlation of IL28B genotype was found with age, levels of
cholesterol or tryglicerides, previous RNA detection or anti-HCV
negativization. Only BMI higher than 25 Kg/cm? was signifi-
cantly more frequent among subjects with CT/TT genotypes
(Table 2).

Among individuals with CC genotype, 15 subjects (56%) were
confirmed by liver biopsy and/or by ultrasound to have evidence
of steatosis, compared to 11 out of 14 non-CC subjects (79%; x
test, p = 0.14), thus no correlation of IL28B genotype with steatosis
was observed.

Assessment of steatosis

All patients underwent ultrasound examination, while liver
biopsy was performed in the 6 patients with raised ALT levels. In
all examined biopsies, only minimal portal infiltration was
observed without evidence of fibrosis. Overall, 25 patients (66%)
had evidence of steatosis. Diagnosis of steatosis was based on the
ultrasound evidence of at least two out of five main characteristics
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Figure 1. IL28B genotype distribution among 41 subjects who spontaneously cleared HCV infection and 134 healthy controls from
the same geographical area (see text). Footnote: Comparison between study subjects and healthy controls: yhi square p<<0.001

doi:10.1371/journal.pone.0067301.g001

typically associated with hepatic steatosis (see methods). The most
frequently observed characteristics were: liver-kidney ultrasound
contrast; parenchymal brightness (95% each) and bright vessel wall
(84%). All five criteria were recorded in three patients (16%), four
criteria in 7 (37%), three criteria in 8 (45%) and two criteria in
only one subject (5%). Overall, diagnosis of steatosis relied on the
presence of at least 3 main criteria in 95% of steatosis cases [17].

Among individuals with CC genotype, 15 subjects (56%) had
evidence of steatosis, compared to 11 out of 14 non-CC subjects
(79%; % test, p=0.14), thus no correlation of 1L28B genotype
with steatosis was observed. As expected, subjects with steatosis
were significantly older compared to those without steatosis
(60%15 years versus 50*14 years; p=0.03), had significantly
higher MBI, triglycerides, total and LDL cholesterol levels

(Table 3). However, on multivariate analysis, only higher BMI
remained a significant predictor of steatosis (Table 4).

Interestingly, although subjects with steatosis (table 3) and male
subjects had a significantly higher BMI (BMI of males 26 3 versus
females 234 Kg/m®, p=0.01) no correlation between gender
and steatosis was observed (steatosis in males 71% versus females
59%; 32 p=0.4).

Discussion

Genome Wide Association Studies (GWAS) have described
single nucleotides polymorphisms (SNPs) on chromosome 19 that
were highly predictive of spontaneous resolution of acute hepatitis
C infection [19]. Our results, exploring the rs12979860 SNP in the
region of the IL28B, indicate an increased prevalence of IL28B
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Table 2. Characteristics of 41 subjects who spontaneously cleared HCV infection according to rs12979860 genotype. Univariate
logistic regression analysis.
CC Genotype# (27) CT/TT genotypes# (14) P

Female sex n. (%) 21 (78%) 6 (43%) 0.02
Age years (mean £ SD) 547%16 56,115 0.6
BMI Kg/cm? (mean =+ SD) 23*3 25+4 0.06
BMI =25 Kg/cm? n. (%) 9 (33%) 9 (64%) 0.05
Cholesterol: Total mg/dl (mean = SD) 195+42 203=*51 0.6

HDL mg/dl (mean *+ SD) 55%10 5014 0.25

LDL mg/dl (mean * SD) 118+36 138+42 0.13
Tryglicerides mg/dl (mean =+ SD) 113+48 143+63 0.10
Steatosis n (%) 15 (56%) 11 (79%) 0.14
Previous HCV-RNA positive n. (%) 6 (22%) 5 (36%) 0.35
Anti-HCV negativization during FU n. (%) 3 (11%) 0 0.19
#: 1L28B genotypes were collapsed into a recessive model and comparisons were performed as CC versus non-CC genotypes (see text).
doi:10.1371/journal.pone.0067301.t002
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Table 3. Characteristics of the 41 subjects with spontaneous
resolution of HCV infection enrolled in the study according to
steatosis. Univariate logistic regression analysis.

Spontaneous HCV Recovery, IL28B and Steatosis

Table 4. Multivariate analysis of factors associated to liver
steatosis in the 41 subjects who spontaneously cleared HCV
infection.

Steatosis

P value
Yes No

Age years (mean £ SD) 60+15 50*+14 0.03
BMI Kg/m? 26+3 21+3 0.004
BMI =25 Kg/m? 16 2 0.003
Cholesterol mg/dI

Total 208+42 181+46 0.03

HDL 55%11 50=*13 0.15

LDL 138+35 102+36 0.006
Triglycerides mg/dl 141£53 94+46 0.007
Glycemia mg/dI 9616 91£10 0.09
1L28B rs 12979860 CC 15/11 12/3 0.14

versus TC-TT #

#: IL28B genotypes were collapsed into a recessive model and comparisons
were performed as CC versus non-CC genotypes (see text).
doi:10.1371/journal.pone.0067301.t003

CC genotype among subjects who spontaneously cleared HCV
infection compared to healthy control subjects (x> <0.001). To
our knowledge, this is the first study reporting the association
between rs12979860 CC genotype and spontancous clearance of
HCV infection in an unselected Italian population. Our data
support the hypotheses that: 1) a segregation of CC genotype
occurs in subjects who spontaneously cleared HCV infection, 2)
CC genotype could play a protective role against the development
of chronic HCV infection, and 3) IL28B SNP may have a primary
importance in establishing the prognosis of patients affected by
acute hepatitis C [15,19].

In Caucasian and Afro-American cohorts of HCV patients,
rs12979860 CC genotype was associated with spontaneous virus
clearance [14,19], while in Australian and in Chinese patients a
strong [9] and a very strong [20] association with rs8099917 TT
genotype were reported, respectively. However, a linkage disequi-
librium between rs8099917 and rs12979860 exists [9], and in has
been shown that inclusion of many SNPs in the analysis did not
improve the prediction of spontaneous HCV clearance in
Caucasian patients [20], thus rs12979860 may represent a suitable
means of evaluating the association of IL28B gene variants with
spontaneous clearance of HCV-RNA.

HCYV clearance versus persistence is almost always determined
during the first months following infection, although cases of late
spontaneous clearance have been documented [21]. Based on their
medical records and laboratory reports, we know that 29% of the
enrolled subjects had a detectable HCV viremia 7-12 years before
entry in the study. Unfortunately, we do not know the exact timing
of their HCV infection, therefore we cannot speculate on the
contribution of IL28 genotype to the rapidity of HCV clearance.
Interestingly, we found that 3 (7.5%) female subjects carrying CC
genotype lost anti-HCV during the FU, and they were significantly
younger compared to persistently anti-HCV positive ones
(40.6 years versus 57.4 years; p =0.04). This result confirms that
eradication of HCV may occur [22], and suggests that this
biological event is more probable if the subjects are young and
have spontaneously cleared serum HCV-RNA.

It has been previously suggested that type and size of the
moculum may affect the outcome of HCV infection [23]. The
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Odds Ratio 95% CI P value
MBI <25 Kg/m? 0.13 0.02-0.8 0.03
LDL-Cholesterol =160 mg/dl 0.3 0.4-13 0.3
Triglycerides =170 mg/dl 0.4 0.1-37 0.1
Age =50 1.8 0.3-10 0.5

doi:10.1371/journal.pone.0067301.t004

majority of the examined subjects (27 out of 41, 66%) acquired the
infection through a small/very small inoculum (i.e. parenteral
unapparent route) while only 34% were possibly exposed to a large
moculum via blood transfusion. We did not find any correlation
between mode of acquisition and IL28B genotypes, but we cannot
exclude that the number of recruited subjects could be too small
for definitive conclusions to be drawn.

On a demographic ground, female gender was prevalent in our
study population (64%). In addition, females were significantly
more frequently CC compared to males (75% versus 22%, Chi
square test p = 0.02). The association between female sex and self-
limiting acute hepatitis C has already been reported [8,24],
thought the reasons for this association remain largely unknown. It
has been recently suggested a role for toll like receptor 7, that is
involved in recognition of viral products (single stranded RNA)
and activation of innate immunity. Stimulation of toll like receptor
7 determines, via interferon stimulating genes (ISG), a significantly
higher IFN-alpha responses in females compared to males [25]. In
addition, in carriers of the rs12979869 C allele, serum levels of
IFN-A-2/3 were significantly higher compared to carriers of the
TT genotype, which may predispose to spontaneous resolution of
HCYV infection [26]. Thus, the spontaneous resolution of HCV
infection that occurred in our population is probably consequent
to being prevalently female and having the IL28B CC genotype.
Interestingly, the mean duration of the follow-up was significantly
longer in female subjects compared to males (p=0.01), although
the mean age was similar in both genders. This finding simply
underlines a well-recognized sex difference in the utilization of
health care services [27].

A different explanation of the interplay between IL28B and
HCYV clearance may rely on the interaction between the virus and
lipids, particularly apo-lipoproteins B (apoB) and E (apoE). Such
interaction occurs at multiple stages of virus lifecycle, including
replication on lipid droplets, assembly, release and viral entry and,
most importantly, infectious lipoviral particles (LVP) formation
[28]. This last step is of particular importance since it seems that
the presence of increased apoE on the surface of LVP is associated
with increased infectivity, possibly by facilitating interaction with
lipoprotein receptors on hepatocytes [29]. There is robust
evidence of the association of CC genotype with lower levels of
apoll but higher levels of apoB and LDL [30]. Thus, in CC
patients a less infectious virus may be produced during replication,
and this may explain why they are more likely to clear infection,
given that virus infectiousness is likely much more important at the
time of acute exposure, when viral spread is rapidly progressing,
than during interferon treatment [31].

Finally, HCV displays some important interactions with lipid
metabolism; in particular impaired lipoprotein secretion and
decreased fatty acid oxidation seem to be critical events leading to
fatty liver induced by HCV and the core protein of the virus is
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capable and sufficient to produce such effects [32-33]. Therefore,
it is not surprising that steatosis is observed in nearly 50% of HCV
patients, which is up to twice as may compared to hepatitis B.

In addition and more recently, rs12979860 polymorphism of
IL28B has been associated with the presence and severity of
steatosis in Caucasian patients, particularly those infected with
genotype-1 chronic infection. In particular, patients with T allele
seem to have significantly more steatosis compared to CC patients,
suggesting potential genetic risk pathways to this metabolic
disturbance in HCV patients and that both host and viral factors
concur to its development [33-34].

Interestingly, we did not find any association between the
presence of T allele and steatosis, as demonstrated either by US or
biopsy (Table 3), while on multivariate analysis we found a strong
correlation between steatosis and BMI (Table 4). Our finding is of
particular interest because in the present population the virus was
not actively replicating, which led us to hypothesize that the role
IL28B polymorphism plays in regulating the development of
hepatic steatosis in HCV patients is not independent from, but
presumably mediated by the poor control on HCV replication that
patients with the unfavourable IL28B genotype exert and requires
the presence of actively replicating HCV virus to be played. On
the opposite, in subjects without actively replicating HCV
infection, the mechanism(s) that regulate the occurrence of
steatosis seem to be independent from IL28B polymorphism but
purely related to the lipid disturbance occurring in non-alcoholic
fatty liver disease, which remains one of the most important
clinical features of metabolic syndrome [35].

Unfortunately we were not able to evaluate the HCV genotype
effect on liver steatosis since we were able to genotype only four
patients, and this could represent a limitation of our study. On one
side, recent findings suggest that viral factors are relevant in the
induction of fatty changes in HCV-infected persons, especially
those with genotype 3 infection, in whom steatosis is more
common and more severe and the severity of lipid accumulation in
hepatocytes correlates with the level of HCV replication [32,36—
37]. On the other side, the association between steatosis and
IL28B is reported mainly among patients with genotype 1
infection. However, in genotype 3 patients reversal of steatosis is
commonly observed after successful eradication of HCV infection
[37] therefore we can speculate that in our patients, who had
cleared HCV infection on average 10.7 years before enrolment in
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the study, the contribution of HCV to the actual presence of
steatosis was probably negligible even if they were infected by
genotype 3. On the other hand, a significant association of IL28B
with fatty changes of the liver irrespective of HCV genotype was
recently reported in japanese patients with active HCV infection
(11). Finally, and most importantly, the spontaneous clearance of
HCV, as was observed in our patients, usually occurs within the
first 6-24 weeks from infection [38-39], thus we can speculate that
in such a short span of time the influence each HCV genotype
may lead to the occurrence of steatosis was probably minimal.
Therefore, the unavailability of HCV genotype probably does not
affect the relevance of our finding of the lack of association
between steatosis and IL28B in the absence of viral replication.
In conclusion, our results indicate that female subjects carrying
the CC genotype are significantly more represented among HCV
infected Italian patients who spontaneously cleared the infection.
In addition, among these subjects, the presence of significant liver
steatosis did not correlate with the IL28B genotype but was solely
related to the occurrence of high BMI, which is a typical feature of
the metabolic syndrome. This finding suggests that IL28B
polymorphism may play some role in favouring the development
of hepatic steatosis in C'T/TT patients only in the presence of
active HCV replication, and such lipid metabolism disturbance is
presumably mediated by the poor control on HCV replication that
patients with the unfavourable IL28B genotype exert. On the
opposite, in subjects who have cleared the infection, the

mechanism(s) inducing liver steatosis seem to be independent
from IL28B profile.
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