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Abstract

Background and aims HCV GT-3 has a more pronounced
effect on hepatic steatosis and host lipids than other HCV
genotypes and is proving less responsive to all oral inter-
feron-free treatment with direct acting antiviral agents. As
both HCV GT3 infection and NASH can result in steatosis
and cirrhosis, we asked whether hepatic transcriptional
profiles reflective of the host response to inflammation
differed based on the etiology of injury.

Methods Hepatic gene expression was determined for 48 pre-
selected genes known to be associated with hepatic interferon
signaling and lipid metabolic pathways in treatment-naive
HCV GT-3 (n = 9) and NASH (n = 14) patients.

Results Genes with significantly higher expression in HCV
included chemokines CXCL10, CXCLI11 interferon
IFNA2, interferon receptors IFNARI1, ILIORB negative
regulators of interferon signaling SOCS3, USP18, JAK/
STAT and IRF family members STAT1, STAT2, and IRF,
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and TGFB family members TGFB1, TGFBRI, and
TGFBR2 and other ISGs like OAS2, IF127, IF144 and
ISG15. HCV infection was also associated with higher
expression of genes associated with lipid metabolism
APOE, APOL3, SREBF1 and HMBS. Furthermore, our
results suggest that, in HCV GT3-infected patients, IL28B
(CC) genotype is associated with lower baseline ISG
expression such as IRF9, ISG15, MX1, STAT1, CXCLI10,
CXCLI11, and IFI27 compared to CT/TT genotype.
Conclusions HCV GT-3 and NASH both induce hepatic
steatosis and inflammation, while HCV GT-3 infection is
uniquely associated with elevated transcription of hepatic
ISGs and genes associated with lipid metabolism. These
changes likely reflect the unique host response to HCV
replication distinct from the inflammatory response
induced by NASH.

Keywords ISG (interferon stimulated genes) - Hepatitis C
virus genotype 3 - NASH (non-alcoholic steatohepatitis)

Abbreviations

ALP Alkaline phosphatase

ALT Alanine aminotransferase

AST Serum aspartate aminotransferase
CHOL Total cholesterol

HCC Hepatocellular carcinoma

HCV GT-3 Hepatitis C virus GT3

1L28 B Interleukin 28 B

ISG Interferon stimulated genes

NAFLD Nonalcoholic fatty liver disease
NASH Non-alcoholic steatohepatitis
SVR Sustained virological response
TBILI Total bilirubin

TRIG Triglyceride
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Introduction

Hepatitis C virus (HCV) infects up to 185 million people
worldwide, including 3—4 million people in the USA, and
can induce fibrosis, cirrhosis, liver failure and hepatocel-
lular carcinoma (HCC) [1]. Non-alcoholic steatohepatitis
(NASH) is the most severe form of nonalcoholic fatty liver
disease (NAFLD) and is characterized by inflammatory
infiltration and hepatocellular damage, with or without
fibrosis, which can eventually lead to cirrhosis [2, 3].

HCYV genotype 3 (HCV GT3) infection and NASH share
common histopathological and clinical features including
hepatic steatosis, insulin resistance, and alterations in lipid
metabolism, all of which are thought to contribute to
advanced liver disease. HCV GT3 is associated with the
highest rates of hepatic steatosis amongst HCV genotypes,
which is thought to be directly related to intrahepatic HCV
viral levels, suggesting a direct steatogenic effect of GT3
virus, while in other HCV genotypes and NASH, steatosis
is mainly associated with metabolic syndrome in affected
individuals [4-6]. As treatments for HCV have evolved,
GT3 presents the greatest challenge in the treatment and
management of patients with hepatitis C virus [7]. HCV
GT3 has special characteristics such as more rapid pro-
gression of liver disease, higher rates of steatosis, insulin
resistance and alterations in lipid metabolism and a higher
risk for hepatocellular carcinoma [8—10].

Previous studies have demonstrated two important intra-
hepatic pathways that are associated with chronic viral hep-
atitis. They include the interferon signaling pathway and the
lipid metabolism pathway [11, 12]. Baseline expression of
ISG is inversely related to high rates of SVR with IFN-based
therapy, while those with preactivated ISGs show no further
gene induction with therapy, leading to interferon non-re-
sponse and treatment failure [13-15]. Moreover, chronic
HCYV infection is also associated with metabolic complica-
tions, including insulin resistance (IR), hepatic steatosis,
hypobetalipoproteinemia, and hypocholesterolemia [16, 17].
It is known that HCV utilizes host lipid metabolic pathways
during replication [18, 19]. Itis unclear whether these changes
are reflective of a host response to ongoing inflammation or
viral replication. Therefore, in the present study, we assessed
the differences in hepatic ISG expression in patients infected
with HCV GT-3 versus NASH in order to explore the effect of
an infectious versus inflammatory processes on the hepatic
transcriptional profile given similar magnitudes of inflam-
mation and a common downstream end-result of hepatic
steatosis. We have specifically evaluated the relative expres-
sion of hepatic interferon stimulated genes (ISGs) and genes
associated with lipid metabolic pathways in HCV GT 3-in-
fected patients compared to patients with NASH.
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Patients and methods
Population studied

Liver biopsy specimens were collected from treatment-
naive, chronic HCV GT 3 patients (n = 9) and patients
diagnosed with NASH (n = 14) based on clinical, lab-
oratory, and pathologic parameters. All subjects under-
went liver biopsies at the Institute of Liver and Biliary
Sciences (ILBS) between December 2012 and November
2013. Parts of liver biopsy specimens (10-15 mm),
obtained in routine clinical for pathological diagnosis,
were kept frozen in RNA at —80 °C until analysis.
Chronic HCV patients were selected based on the
inclusion criteria of age older than 18 years, treatment-
naive GT3 patients with anti-HCV antibody-positive,
serum HCV RNA-positive and liver biopsy with evi-
dence of chronic hepatitis. NASH patients were selected
based on evidence with imaging technique and liver
biopsy. All patients included in the study were treat-
ment-naive and had compensated liver disease. The
following patients were excluded: co-infection with
hepatitis B virus or human immunodeficiency virus,
pregnant or lactating female, decompensated liver dis-
ease or liver disease due to any other etiology, patients
on anti-neoplastic or immunomodulatory therapies,
having history of major organ transplantation, and lack
of consent. Clinical characteristics of the patients are
shown in Table 1. The study protocol was approved by
the institutional ethical committee of the Institute of
Liver and Biliary Sciences (ILBS), New Delhi, and is in
accordance with the Declaration of Helsinki 1975.

Laboratory tests

Serum aspartate aminotransferase (AST), alanine
aminotransferase (ALT), total bilirubin (TBILI), alkaline
phosphatase (ALP), total cholesterol (CHOL), triglyc-
eride (TRIG), and fasting plasma glucose were obtained
from patients’ charts and all tests were performed within
a month of liver biopsy. Hepatitis C virus RNA was
measured by a real-time polymerase chain reaction assay
using COBAS Amplicor v.2.0 (Roche Diagnostics,
Mannheim, Germany) as per the manufacturer’s proto-
col. This assay has a lower limit of detection of 25 IU/
mL. HCV genotyping test was performed using linear
array HCV Genotyping using amplification and cDNA
preparation following hybridization to a specific
sequence product (Roche Molecular Diagnostics,
Pleasanton, CA, USA).
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Table 1 Baseline
demographics and clinical Parameters HCV (n =9) NASH (n = 14) p value
characteristics of each subject’s  \jepn aee (mean + SE) 42+ 4.1 43 £ 3.1 0.88
statistical significance (p value)
of continuous variables was Male gender, no. (%) 6 (66.6) 10 (71 %) 1.00
calculated by unpaired  test, Mean body mass index (mean £ SE) 25 +£0.8 28 £1.2 0.06
and_ p values of categorical IL28 B genotype, no. of CC genotype (%) 6 (66.6) 9 (64.2) 1.00
variables were calculated by Logl0 [HCV-RNA] (mean & SE, logl0 IU/mL)  7.02 + 0.08 Negative -
Fisher’s exact ¢ test in
GraphPad Prism Serum cholesterol (median + SE, mg/dL) 174 +10.2 145 £ 12 0.16
Serum triglyceride (median + SE, mg/dL) 146 + 15 122 + 11 0.14
Blood sugar fasting (median + SE, mg/dL) 96 £ 13 87 £ 12 0.99
Liver biopsy, inflammation score (1-18) and NAS score (NASH patients)
<4 5 7 1.00
>4 4
METAVIR fibrosis score (0—4)
<2 8 1.00
>2 6

Body mass index is the ratio of weight in kilograms and height in meters. p values of liver biopsy
inflammation and fibrosis score were calculated by Fisher’s exact ¢ test

HAI Knodell histology activity index, NAS NAFLD activity score

IL28B genotyping

Genomic DNA was extracted using sodium per chlorate
method. IL28B SNP (C/T) (rs12979860) was genotyped by
the Snapshot method using ABI PRISM Snapshot Kit (Ap-
plied Biosystems, Foster City, CA, USA) and using a Roche
real-time thermocycler. IL28B genotype was determined
using sense (50-GCCAATTCAAGCCCAGTC-30) and
antisense primers (50-GCTAGTTCACGCACAGTC-30).
To validate the snapshot results, 10 % of arandomly selected
PCR product was sequenced and analyzed for the C-T
change.

RNA isolation and reverse transcription

Liver biopsies were collected and immediately placed in
RNA at —80 °C. Total RNA was isolated using a mirVana
total RNA isolation kit (Ambion, Austin, TX, USA). RNA
purity (260/280 ratio) and quantity were determined using
a NanoDrop ND-1000 spectrophotometer (NanoDrop
Technologies, Wilmington, DE, USA). Only RNA samples
with 260/280 ratios between 1.8 and 2.0 were used for
expression analysis. RNA was reverse transcribed into
cDNA using 1 pg total RNA and the high-capacity cDNA
master kit from Applied Biosystems as per the manufac-
turer’s instructions.

TagMan low density array (TLDA)

Expression analysis of selected 48 genes (“Appendix”)
was performed with custom-designed TagMan Micro

Fluidic Cards assembled into the format of 384-well
microfluidic cards (Life Technologies). Genes were selec-
ted based on known associations with hepatic interferon
signaling and lipid metabolic pathways using previous
findings from our laboratory and the literature. cDNA
(100 ng RNA) was used for the array. Expression reactions
in 384-well microfluidic cards were run on a ViiA™ 7
Real-Time PCR System (Life Technologies). Gene
expression was determined as Ct based on 40 PCR cycles.
GAPDH was used as an endogenous control, with GAPDH
Ct values for all samples being distributed between 25 and
30. Relative expression of target gene was normalized by
GAPDH expression and delta Ct (dCt) was calculated as d
(Ct) = Ct (target) — Ct (GADPH). All quantitative data
are presented as mean £ SE of delta Ct values of the
genes; the higher the Ct value of a particular gene in a
group of patients, the lower the expression of that gene
compared to another group; conversely, a lower Ct value
means a higher expression of the gene.

Statistics

In this study, patient characteristics were reported as fre-
quencies (percentages) for categorical variables and for
continuous variables as median (range). Statistical signifi-
cance (p value) of continuous variables was calculated by
an unpaired ¢ test with Welch’s correction and p values of
categorical variables were calculated by a Fisher’s exact
t test in GraphPad Prism 6.0 software. For all these tests,
two-tailed p values were used and p values <0.05 were
considered statistically significant.
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Results

Elevated hepatic ISG expression in patients infected
with HCVGT 3 compared to NASH

HCV GT3-infected patients had significantly higher expres-
sion of type I interferon IFNA2 (4.2 £ 1.01 vs. 10.67 + 0.84;
p = 0.01), interferon receptor IFNAR1 (4.1 £ 0.3 vs.
5.6 &£ 0.4; p = 0.01) whereas no differences were observed
in type II and type III interferon and interferon receptors
(Fig. 1a,b). Our results showed that HCV GT-3 infection was
also associated with significantly increased expression of
genes involved in IFN signaling and JAK-STAT pathway
(Janus kinase (JAK) and a signal transducer and activator of
transcription (STAT) protein such as STAT1 (1.8 £ 0.2 vs.

Fig. 1 a Higher expression of
IFNA2, IFNARI (type I IFN) in
HCV GT3 versus NASH,

b while no difference was
observed in type II and type 111
IFNs. Values are mean £ SE of
the delta Ct values of the genes;

NS

i

4.7 £ 0.12; p = 0.0001), STAT2 (4.0 = 0.1 vs. 5.5 £ 0.24;
p = 0.003) and IRF7 (3.1 £ 0.12vs. 5.5 £ 0.4; p = 0.004),
(interferon regulatory factor-7 is the master regulator of type-I
interferon-dependent immune responses); SOCS3 (6.0 £ 0.5
vs. 8.4 £ 0.3;p = 0.003), (suppressor of cytokine signaling 3
which suppresses hepatitis C virus replication); USPI18
(6.1 204 vs. 7.5 £ 0.2; p=0.02); and ubiquitin-like
specific protease 18, which is a negative regulator (Fig. 2a, b).
Other important ISGs such as OAS2 (3.6 = 0.4 vs. 6.5 £ 0.3;
p = 0.01); 2'-5-oligoadenylate synthetase 2), interferon
inducible genes IFI27 (0.89 & 0.67 vs. 4.7 £ 0.3;
p = 0.0003) and IF144 (4.2 £ 0.4 vs. 6.9 £ 0.3; p = 0.002),
Mxl1 (1.9 & 0.3 vs. 4.8 £ 0.3; p = 0.0001; MX dynamin-
like GTPase 1) and ISGI5 (2.1 £0.7 vs. 7.2 £ 0.3;
p = 0.0001) were also significantly increased in HCV

Increased expression of Type | Interferon (IFNA2) and Interferon Receptor
(IFNAR1) in HCV compared to NASH

NS
| E—

p=0.01

the higher the Ct value of a
particular gene in a group of
patients, the lower the
expression of that gene
compared to another group;
conversely, a lower Ct value
means a higher expression of
the gene. p value was calculated
by the unpaired ¢ test with
Welch’s correction using
GraphPad Prism 6.0 software. J
p values less than 0.05 were
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Fig. 2 a, b IFN signaling and

Increased expression of genes involved in IFN Signaling, JAK-STAT Pathway in

JAK-STAT pathway such as HCV compared to NASH
STATI1, STAT2 and IRF7
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compared to NASH (Fig. 2c). Taken together, these data
suggest that intrahepatic ISG expression was profoundly
higher in patients with HCV GT3 than NASH.

Elevated hepatic levels of chemokine ligands and markers
for fibrosis in patients infected with HCVGT-3 compared
to NASH

We observed significantly higher expression of chemokine
ligand genes CXCL10 (2.06 £ 1.0 vs. 5.4 + 0.8; p = 0.01)
and CXCLI11 (63+05 vs. 81+04; p=0.02

(chemokines ligands to CXCR3) in HCV compared to NASH,
while no differences were observed for chemokines ligands,
CXCL9 and CCLS. Our results also demonstrate that HCVGT-
3 is associated with higher relative gene expression of trans-
forming growth factor beta (TGFB) family members TGFB1
(42 £0.24 vs. 5.1 £ 0.2; p = 0.007), TGFBR1 (5.1 £ 0.1
vs. 6.7 +£0.3; p=0.04) and TGFBR2 (2.4 4+ 0.27 vs.
4.3 + 0.3; p = 0.003), which may play a significant role in
accelerating liver fibrosis and increasing risk for HCC
(Fig. 3a).
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Fig. 3 a HCV GT-3 was
associated with higher
expression of CXCL10 and
CXCL11, while no differences
were observed for CXCL9 and
CCL5. We also observed higher

p=0.01

5 -

p=0.02

Higher expression of Chemokine ligands and markers of fibrosis in HCV GT-3 compared to

NASH

p=0.04

——

p=0007 220003 ,

relative gene expression of
TGFB family members TGFBI1,
TGFBR1 and TGFBR2. b Lipid
genes such as APOE, APOL3,
SREBF1, HMBS and LDLR
were highly expressed in HCV
GT-3 compared to NASH, while
others like APOB, APOC3 and
LEPR showed no difference.

delta Ct (log, expression) @

Values are mean + SE of the
delta Ct values. p value was
calculated by the unpaired t test
with Welch’s correction using
GraphPad Prism 6.0 software.
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HCV GT-3 infection significantly alters expression of genes
involved in host lipid metabolic pathways in comparison
to NASH

Hepatitis C virus (HCV) is known to be critically depen-
dent on host lipid metabolism. We therefore investigated
the baseline differential gene expression signatures of
genes involved in lipid metabolic pathways in HCV GT-3-
infected patients versus NASH. We found that HCV
infection was associated with significantly higher gene
expression of some of the lipid genes such as Apo
lipoprotein APOE (—3.1 £03 vs. —0.29 £ 04;
p = 0.0001), APOL3 (2.9 &£ 0.2 vs. 4.3 £ 0.4; p = 0.02),
SREBFI (3.5 £ 0.3 vs. 5.0 & 0.37; p = 0.006): sterol
regulatory element-binding protein (SREBP)-1 transcrip-
tion factor, hydroxymethylbilane synthase, HMBS
(6.0£02 vs. 69+£0.1; p=0.006); low density
lipoprotein receptor, LDLR (6.0 & 0.3 vs. 6.8 + 0.2;
p = 0.04) while others (APOB, APOC3 and LEPR) had no
difference (Fig. 3b).
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1L28B (CC) genotype is associated with lower baseline ISG
expression compared to CT/TT genotype in HCV GT3
infected patients

During HCV infection, IL28B genotype has been strongly
associated with intrahepatic ISG expression, with the favor-
able CC genotype patients with lower baseline ISG levels and
correspondingly higher rates of SVR compared to unfavorable
(CT and TT) genotypes expressing higher baseline ISG levels
and poor response to therapy. Our results showed thatin HCV
genotype 3-infected patients, the IL28B (CC) genotype is
associated with lower baseline ISG expression such as IF127
(2.5 £0.3vs.—0.9 £ 0.15; p = 0.02), IRF9 (4.1 £ 0.06 vs.
34 £ 0.01; p =0.02), ISG15 (3.5 £ 0.4 vs. 1.15 £ 0.08;
p=0.02), MX1 (28 £0.3 vs. 0.8 £0.17; p = 0.03),
STAT1 (2.2 £ 0.1 vs. 0.8 £ 0.17; p = 0.02), CXCL10
(46 £14 vs. —24+£0.84; p=0.02), and CXCL11
(74 £ 0.6 vs.5.02 £ 0.3; p = 0.02) compared to the CT/TT
genotype, while in NASH patients no significant association
was observed (Fig. 4a, b).
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Fig. 4 a In HCV GT-3, the
IL28B (CC) genotype was
associated with lower baseline

IL28B (CC) genotype associated with lower baseline ISG expression compared to CT/TT

genotype in HCV GT3 infected patients

P=0.006

ISG expression such as IF127, a -
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CXCL10, and CXCL11 'g {P=0.004 %:— P=0.01 | P=0.001
compared to the CT/TT B 0 . . ,P=0006
genotype, b while in NASH no 3 . P=0.001 e e =
significant association was S e : = -
5 e { .
observed. Values are ‘1(’“ ] ° e o o ;
mean £ SE of the delta Ct 2 L °
values. p va.lue was calc.ulated = —:E—
by the unpaired ¢ test with o .°
Welch’s correction using % 104 .
GraphPad Prism 6.0 software. ©
p values less than 0.05 were
i ignif 15 . . .
considered significant CC CTAT cC CITT CcC CIIT cC CIAT cC CITT CC CTIT cC CTAT
IF127 IRF9 ISG15 Mx1 STAT cxcL1o cxcL11
No significant association was observed in NASH patients
b o __NS
NS _
_ o }L{ NS NS
3 oo —_ | e NS
= %
2 . F AP Sy
» (X °
A I R e T o
3 °le °e o e ° o
L4 °
ST | : E
o)) 0 °
g + O
6 104 o °
o
= B
)
o
L]
15 U U LU U U i U T U U U U U U
CC CTIT C€C CIIT CcC CIAT CcC CIIT CcC CTIT CcC CTIT CC CTAT
IF127 IRFO ISG15 Mx1 STAT1 cXCcL10 CXCL11

ISG expressions and association with hepatic fibrosis
in HCV GT 3 patients

In the HCV GT-3 patients, overall we did not find any
significant association between advanced fibrosis stage and
IL28B genotype distribution, although we observed a trend
towards advanced fibrosis stage >2, with unfavorable 1L.28
CT/TT genotype which was further associated with higher
baseline ISG expression in three HCV GT-3 patients with
IL28 B CT/TT genotype (CC vs. CT/TT: 55.6 vs. 44.4 %,
p > 0.05).

Discussion

We identified two distinct hepatic transcriptional responses
to infectious and inflammatory processes in this study
(Fig. 5). First, there was an enhanced hepatic transcrip-
tional profile of ISG expression in patients with HCV GT3
when compared to NASH. Second, we observed that IL28B
impacts the magnitude of hepatic ISG expression only in

HCV GT3 rather than in NASH, implicating the effect of
viral replication rather than the inflammation itself. Finally,
we were able to demonstrate a differential expression of
genes for the lipid biosynthetic pathway in the liver of
patients with GT3 versus NASH. Overall, for the first time
we are able to demonstrate a discriminatory hepatic tran-
scriptional response to NASH versus HCV GT3, which is a
significant step toward a better understanding of the
pathologic processes of liver injury in these two major
public health problems.

HCV GT 3 patients displayed increased intrahepatic
expression of several interferon and ISGs. In this regard,
interferon (IFNA2), interferon receptor (IFNAR1) genes,
interferon signaling and JAK/STAT pathway genes
STATI, STAT2 and IRF7, which is a master regulator of
IFN-a production, and negative regulators such as SOCS3,
USP18 and other ISGs like OAS2, IF127, IF144 and ISG
15 were expressed higher in HCV patients compared to
patients with NASH. It is clear that the innate immune
response plays a critical role in the control of viral infec-
tion. The type I IFN system is the most potent arm of innate
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Fig. 5 Heat map representation
of the gene expression in HCV
GT-3 infected patients versus
NASH. Values are the delta Ct
values of the gene in the
respective group. Red indicates
lower Ct value or higher gene
expression and yellow higher Ct
values and lower expression of
the gene in that group of
patients

Color Key

2 46 8 12
Value

antiviral immunity and signals predominantly through the
Jak/STAT kinase pathway. Conceivably, a robust type I
interferon response is helpful in elimination of HCV.
However, more robust preactivation of ISGs is associated
with treatment failure during IFN-based regimes [13-16].
Katsounas et al. have previously established that higher
baseline ISG-15 expression negatively affects HCV treat-
ment outcome, and is a prognostic indicator and resistance
factor to IFN-a in patients co-infected with HCV and HIV
[20]. Also, it is documented in other studies that higher
baseline expression of IFI27, IFI44 and Mx1 is associated
with poor response to IFN-o treatment of HCV infection
[21].

During chronic HCV infection, chemokine ligands
CXCL10 (interferon-y-inducible protein-10; IP-10) and
CXCL11 (interferon-inducible T cell oo chemo attractant;
I-TAC) are produced in the liver, inducing migration of
activated T cells from the periphery to infected liver par-
enchyma [22]. Our data also showed increased expression
of CXCL10 and CXCL11 in HCV GT3 patients compared
to NASH, which may implicate the specific role of these
ISGs chemokine in pathophysiology of HCV infection. In

@ Springer

IFNAR1
STAT2
TGFB1
CCLS
ILTORA
IL10RB
CXCL9
IFNAR2
IL28RA
TGFBR1
HMBS
LOLR
usP18
IF144
OAS2
1SG15

'_{Eillllﬂlllll

[f !
IRF7
MTTP
APOL3
M
IF127
OAS1
e
RES3

TIMP1
IRF9
IRF

—{ APOB

HCV NASH

summary, the pattern of hyper-activation of innate immu-
nity in chronic hepatitis C GT3 patients over NASH
reflects host response to an intracellular replicating viral
pathogen rather than a chronic inflammatory reaction that
follows HCV replication.

The lipid biosynthetic pathway also seems to be influ-
enced by HCV rather than hepatic inflammation resulting
from NASH. These are novel observations and are likely
due to specific interactions between HCV viral target
proteins and molecules involved in the lipid biosynthetic
pathway, possibly during intracellular replication and
exocytosis from infected hepatocytes. These observations
are unique and could explain the abnormal clinical and
laboratory parameters with HCV GT3 infection compared
to NASH.

Earlier studies suggest a host genetic influence on
antiviral response to HCV infection. In this regard, the
IL28B CC genotype has been shown to be associated with
spontaneous clearance of HCV and a favorable response to
treatment with interferon-based HCV therapy [23]. During
HCV genotype 1 infection, the IL28B genotype has been
shown to be strongly associated with intrahepatic ISG
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expression, with the unfavorable genotypes (CT and TT)
expressing higher baseline ISG levels and poor responses
to therapy compared with the favorable CC genotype
patients with lower baseline ISG levels and correspond-
ingly higher rates of SVR [24]. To explore the relationship
between these two strong predictors of disease outcome in
HCV genotype-3 patients, we further analyzed the corre-
lation between the corresponding baseline ISG expression
and the IL28B genotype. Our results showed that in HCV
GT 3-infected patients the favorable IL28B (CC) genotype
is associated with lower baseline ISG expression compared
to the unfavorable CT/TT genotype, but this was not seen
in NASH. These results suggest a genetic influence on host
intrahepatic response to viral pathogens such as HCV.

Our study has a few limitations that are important to
acknowledge. First, the sample size was small, and this
might have reduced our ability to detect relevant differ-
ences in the gene expression. A second limitation includes
the absence of healthy liver tissue for comparison of
normal gene expression with HCV and NASH. Future
larger studies are important to further validate our
findings.

Collectively, these results implicate that viral replication
consistently triggers ISG expression, which is further
influenced by genetic (IL28B) status. Previous data suggest
that increased ISG expression is a poor prognostic factor
for therapeutic response to HCV therapy (SVR). Similarly,
a host response primarily resulting from the IL28B
response is associated with high ISG expression and often
results in skewed host response to IFN-based therapy and
an inability to achieve SVR. In this study, we demonstrate
for the first time the differential hepatic transcriptional
response to viral replication versus inflammation as
observed in NASH patients. These suggest specific effects
of viral replication rather than the inflammation itself.
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Appendix

See Table 2.

Table 2 TagMan Micro Fluidic Cards of 48-well formats was cus-
tom-designed for the following genes according to the manufacturers’
instructions and assembled into 384-well microfluidic cards (Life
Technologies)

Interferon stimulating Interferons Interferon Other related
genes (ISGs) receptors genes
MX1 IFNA1 IFNAR1 GAPDH
IF127 IFNA2 IFNAR2 GUSB
IF144 IFNB1 IFNLR1 1IL10
OAS2 IFNG IL10RB IL10RA
CXCL10 IFNL1 IFNGR1 TGFB1
ISG15 IFNL2 IFNGR2 TGFBR1
IRF9 IFNL3 18S TGFBR2
STAT1 IFNL4-TT TIMP1
STAT2 IFNL4-dG APOB
IRF2 RANTES APOCIII
IRF7 TRIF APOE
1L28B LEPR
IP-10 LDLR
1L29 MTTP
RIG1
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