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ABSTRACT

The microRNA miR-122 is highly expressed in the liver and stimulates hepatitis C virus (HCV) replication in vitro. IFNL3
(lambda-3 interferon gene) polymorphisms and the expression of miR-122 have been associated with sustained virological re-
sponse (SVR) to treatment with pegylated interferon plus ribavirin in patients with chronic hepatitis C (CHC). We investigated,
in vivo, the relationship between miR-122 expression, IFNL3 polymorphism, fibrosis, and response to PEG-IFN plus ribavirin.
Pretreatment liver biopsy specimens and serum samples from 133 patients with CHC were included. Sixty-six patients achieved
SVR, and 64 failed to respond to the treatment (43 nonresponders [NR] and 21 relapsers [RR]). All stages of fibrosis were repre-
sented, with 39, 50, 23, and 19 patients, respectively, having Metavir scores of F1, F2, F3, and F4. miR-122 expression was as-
sessed by real-time quantitative PCR (RT-qPCR) and IFNL3 rs12979860 by direct sequencing. Hepatic miR-122 expression was
higher in patients with the IFNL3 CC genotype than in those with the IFNL3 CT or TT genotype, in all patients (P = 0.025), and
in NRs plus RRs (P = 0.013). Increased hepatic miR-122 was more strongly associated with complete early virological response
(cEVR) (P = 0.003) than with SVR (P = 0.016). In multivariate analysis, increased hepatic miR-122 was only associated with the
IFNL3 CC genotype. miR-122 was decreased in patients with advanced fibrosis (Metavir scores of F3 and F4) compared to its lev-
els in patients with mild and moderate fibrosis (F1 and F2) (P = 0.01). Serum and hepatic expression of miR-122 were not associ-
ated. The association between miR-122 and IFNL3 was stronger than the association between miR-122 and response to treat-
ment. miR-122 may play a role in the early viral decline that is dependent on IFNL3 and the innate immune response.

IMPORTANCE

miR-122 plays a crucial role during HCV infection. Moreover, it was reported that miR-122 binding within the HCV genome
stimulates its replication. Moreover, miR-122 is highly expressed within hepatocytes, where it regulates many cellular pathways.
A reduction of miR-122 expression has been suggested to be associated with responsiveness to IFN-based therapy in patients
with chronic hepatitis C. Several independent genome-wide association studies reported a strong association between IFNL3
polymorphism and responsiveness to IFN-based therapy. We report here a strong association between the expression of miR-
122 and IFNL3 polymorphism that is independent of the response to the treatment. Our data suggest that modification of miR-
122 expression may play an important role in the molecular mechanism associated with IFNL3 polymorphism. Moreover, we
report a reduction of miR-122 at more advanced stages of fibrosis in patients with chronic hepatitis C.

H epatitis C virus (HCV) is a major cause of chronic liver dis-
ease, with an estimated prevalence of 150 million cases world-
wide (1). The severity of the disease varies from asymptomatic
chronic infection to cirrhosis and hepatocellular carcinoma (2, 3).

The treatment of chronic hepatitis C (CHC) for HCV genotype
1-infected patients has greatly improved with the use of direct-
acting antivirals (4, 5). However, in many parts of the world, pegy-
lated-interferon (PEG-IFN)-plus-ribavirin dual therapy remains
an option for patients with HCV genotype 1 and the standard of
care for patients with all other HCV genotypes (6).

Two main single-nucleotide polymorphisms (SNPs), rs12979860
and rs8099917, located upstream from the lambda-3 interferon gene,
IFNL3, were identified as predicting sustained virological response
(SVR) in patients with CHC (7). To date, the molecular mechanism
controlling the response to IFN therapy associated with IFNL3 SNPs
has not been fully elucidated. Recently, a spliced form of the IFNL3
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protein, IFNL4, has been reported to be associated with responsive-
ness to IFN-based therapy. IFNL4 is generated by individuals who
carry the AG allele of the ss469415590 variant (IFNL4-AG). Linkage
disequilibrium is strong between the IFNL4-AG allele and the unfa-
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vorable rs12979860-T allele (8). The expression of IFNLA4 is associ-
ated with HCV persistence and a poorer response to PEG-IFN plus
ribavirin (8). IFNL4 was suggested to regulate the antiviral activity
against HCV (9). A strong decline of HCV viral RNA during the first
weeks of treatment in patients with an IFNL3 rs12979860 CC geno-
type compared to the HCV viral RNA levels in patients with the CT or
TT (CT/TT) genotype has been described (10). Patients with CT/TT
were suggested to have aberrantly enhanced baseline induction of
innate immune response pathways, resulting in impaired virologic
response (11). An IFNL3 SNP was suggested to play a role in the
innate immune response responsible for this early viral decline (11).

MicroRNAs (miRNAs) regulate the expression of up to 60% of
cellular mRNAs. With the potential for one miRNA to regulate
several mRNAs, miRNAs play key roles in diverse regulatory path-
ways (12, 13). Modification of the expression of the miRNA miR-
122 during HCV expression has been reported in cells, in animal
models, and in humans (14-17). miR-122 is highly expressed in
hepatocytes, where it represents 70% of total miRNAs. In the liver,
miR-122 regulates hepatocyte growth, neoplastic transformation,
and lipid metabolism (18-20). miR-122 binds the HCV genome
within two seed sites located upstream from the HCV internal
ribosome entry site (IRES) and stimulates its replication in vitro.
Miravirsen, an inhibitor of miR-122, has been reported to induce
a decrease of HCV replication in humanized mice and in chim-
panzees (21, 22). The antiviral effect of miravirsen has been as-
sessed more recently in 27 patients with CHC (23). Moreover, the
expression of miR-122 in HCV-nonpermissive cells facilitates the
replication of HCV (24, 25). A recent study suggested that miR-
122 regulates collagen production via suppressing PAHA1 expres-
sion in hepatic stellate cells (25).

Interestingly, a reduction of hepatic and serum miR-122 has
been associated with primary nonresponse (pNR) and nonre-
sponse (NR) in patients with CHC (26, 27). However, in further
studies, these results were not statistically confirmed (17). Since
both IFNL3 polymorphism and the expression of miR-122 are
associated with response to treatment, we investigated in this
study the relationship between the expression of miR-122 and
IFNL3. Moreover, in patients with CHC, the monitoring of fibro-
sis is mandatory, because it reflects the progression of the disease.
The progression from mild (F1) to moderate (F2) fibrosis (Meta-
vir score) is a strong argument to initiate a treatment. Although
the IFNL3 polymorphisms seem not to be associated with fibrosis
(28, 29), the IFNL3 CC genotype was associated with a state of
enhanced immunity that can promote necroinflammation (30).
Moreover, reports suggested a role of miR-122 in liver fibrosis (31,
32). Since miR-122 regulates HCV replication, it is particularly
interesting to investigate its role during fibrosis. We therefore also
assessed the association of miR-122 with fibrosis in our cohort of
patients.

MATERIALS AND METHODS

Patients. A total of 133 treatment-naive patients with CHC were consec-
utively included in the study. The study conformed to the ethical guide-
lines of the 1975 Declaration of Helsinki. Assistance Publique des Hopi-
taux de Paris granted approval for our research. All participants gave their
informed consent, and the following criteria were met: (i) all patients had
an established diagnosis of CHC; (ii) all patients had an absence of an-
other cause of chronic liver disease and an absence of viral coinfection;
and (iii) all patients received treatment with either PEG-IFN-a2b (Vi-
raferonpeg; Schering Plough) at a dose of 1.5 pg/kg of body weight/week
and weight-based ribavirin at a dose of 800 to 1,200 mg/day (Rebetol;
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Schering Plough) or PEG-IFN-a2a at a dose of 180 pg/week (Pegasys;
Roche) and weight-based ribavirin at 1,000 to 1,200 mg/day (Copegus;
Roche). The duration of treatment was 48 weeks for patients with HCV
genotypes 1 and 4 and 24 weeks for those with genotypes 2 and 3. For
patients with HCV genotypes 1 and 4, if HCV RNA was detectable at week
24, the treatment was stopped. For those with HCV genotype 1, if HCV
RNA decreased less than 2 log,, from baseline to week 12 of therapy,
treatment was stopped.

SVR was defined as undetectable HCV RNA 24 weeks after completion
of treatment and NR as detectable serum HCV RNA at the end of the
treatment (4). Relapse (RR) was defined as the reappearance of detectable
serum HCV RNA within 24 weeks after cessation of treatment (4). Com-
plete early virological response (cEVR) and rapid virological response
(RVR) were defined as undetectable HCV RNA at week 12 and week 4,
respectively, whereas primary nonresponse (pNR) was characterized as a
reduction of HCV RNA of less than 2 log at week 12 (4).

Both serum samples and liver biopsy specimens were collected before
the initiation of the treatment. Patients underwent treatment 1 week to 6
months after the liver biopsy was performed. From the 133 patients in-
cluded, paired liver and serum samples were available for 83 patients.

Fibrosis was staged according to the Metavir score system. FO charac-
terized a liver with no fibrosis, F1 a portal fibrosis, F2 a portal fibrosis with
few septa, F3 a septal fibrosis, and F4 a cirrhosis. Five patients had two liver
biopsy specimens taken during their follow-up, with the time between
biopsies varying from 2 years and 5 months to 8 years and 7 months.

Histologically normal controls. Nine percutaneous liver biopsy spec-
imens were histologically normal, with absence of inflammation, any
other cause of liver disease, fibrosis, or pathological pattern and less than
5% steatosis. A previous study demonstrates the importance of collecting
healthy controls under the same conditions as the other samples (33).

Total RNA extraction. Frozen liver biopsy specimens were crushed
and dissolved in 1 ml of iced RNAble (Eurobio). Chloroform was added,
and the upper phase was collected after centrifugation and added to the
same volume of isopropanol. RNA was precipitated and washed in 80%
ethyl alcohol. The pellet was dissolved in RNase- and DNase-free H,O.
The optical density of total RNA was measured at 260 nm. Total RNAs
were extracted from 400 pl of serum (mirVana; Life Technologies). Since
there is no miRNA stably expressed in the serum, we added 5.6 X 10°
copies of miR-39 (Caenorhabditis elegans; Qiagen) to each serum sample
before the extraction. miR-122 expression was then normalized to the
miR-39 expression values.

Real-time RT-qPCR. miR-122 was detected by reverse transcription-
quantitative PCR (RT-gPCR). PCRs were performed using the Light Cy-
cler 480 real-time PCR system and the LightCycler 480. The theoretical
and practical aspects of RT-qPCR using the light cycler LC480 (Roche)
have been already described in detail (34, 35).

One nanogram of cDNA from reverse transcription of miRNAs was
added to each reaction mixture. The total amount of hepatic miR-122 was
normalized to the amount of the control small RNA SNORD44, whereas
the total amount of miR-122 in serum was normalized to the amount of
Caenorhabditis elegans miR-39 (Qiagen). To choose the best noncoding
small RNA to normalize the expression data of miR-122, 7 noncoding
RNAs (miR-25_1, SNORD44, miR-191_1, miR-103_1, SNORD48,
RNU6B_2, and RNU5A_1) were analyzed in 80 liver biopsy specimens
from our cohort of patients. The expression levels of each of these 7 non-
coding RNAs were compared and normalized to each other to identify the
most accurate candidate to normalize the results. When the values were
normalized to SNORD44, the expression of the other noncoding RNAs
was the most stable among the 80 liver biopsy specimens tested. There-
fore, SNORD44 was chosen to normalize the expression values of miR-
122 in the biopsy specimens (data not shown, available on request).

For the patients who had 2 biopsies at different stages of fibrosis, the
miR-122 content was analyzed by TagMan RT-qPCR (Life Technologies).

All of the results were expressed as the n-fold difference in target gene
expression relative to the expression of SNORD44 and are termed N,
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nget was determined as Ny, oo = = pACpsample ywhere Cp is the crossing

point. The ACp value was determined by subtracting the average Cp value
of the target miRNA from the average Cp value of SNORD44 (liver biopsy
samples) and miR-39 (serum samples).

IFNL3 genotyping. In our series, the patients were mainly of Cauca-
sian ancestry and infected with HCV genotype 1. The SNP rs12979860 was
selected for this study because it has been the main polymorphism asso-
ciated with response to treatment in patients with Caucasian ancestry and
HCV genotype 1 (7). The 133 patients included in the cohort were geno-
typed for rs12979860 using direct sequencing (AmpliTaq gold and BigDye
Terminator; Life Technologies). Free, circulating DNA was extracted
from 500-pl serum samples (QIAamp circulating nucleic acid kit; Qia-
gen) as described previously (36). The PCR products were separated on an
ABI 3130 sequencer and analyzed with SeqScape 2.6 (Life Technologies).

Statistical analysis. We evaluated the statistical significance of the
relationships between the expression of miR-122 in the liver and serum
and bioclinical characteristics. The following variables were investigated:
age (<45 years or =45 years), gender, stage of fibrosis (Metavir F1 versus
F2 to 4), viral genotype (HCV genotype I versus other genotypes), body
mass index (<25 or =25 kg/m?), alcohol intake (<30 g/day or =0.30
g/day), serum levels of aspartate amino transferase (ALAT) and alanine
amino transferase (ASAT) (IU/ml), serum level of gamma glutamyl trans-
ferase (GGT), viral load at baseline (log, , IU), response to treatment (SVR
versus NR plus RR [NR/RR]), and response at week 12 (cEVR versus
pNR). For investigating binary variables, we performed Student’s t tests.
We report the means and standard errors together with the P values asso-
ciated with the ¢ tests. For comparing differences between liver tissues and
histologically normal controls, we used the nonparametric Wilcoxon
Mann-Whitney test. For investigating continuous variables, we per-
formed linear regression analyses and reported the slope of the regression
line (with its standard error), together with the P value associated with the
corresponding Wald test. We performed a regularized (least absolute
shrinkage and selection operator [LASSO]) linear regression analysis for
variable selection with the log expression values of miR-122 as the depen-
dent variable (glmnet package). We used multiple imputations by chained
equations (mice package) to handle missing data. The regularization pa-
rameter for LASSO regression was chosen by 5-fold cross validation. A
final multivariate linear regression model with selected variables (those
having nonzero parameter estimates) is reported.

We tested the null hypothesis that the Pearson product moment cor-
relation coefficient is zero using the classical test statistic which follows a
Student’s ¢ distribution.

For all these tests, statistical significance was considered to be a P value
of less than 0.05. All these analyses were carried out using R software and
related packages (http://cran.r-project.org/index.html).

RESULTS

Patients and baseline characteristics. Patient’s characteristics are
presented in Table 1. A total of 133 patients were included, of whom
50 were women and 83 men. Patients were mainly infected by HCV
genotypes 1 (n = 80) and 4 (n = 25). The diagnosis of fibrosis was
performed by liver biopsy and scored using Metavir. All stages of
fibrosis were represented, with 39, 50, 23, and 19 patients scored as F1,
F2, F3, and F4, respectively. Sixty-six patients had SVR, 43 had NR,
and 21 had RR. At week 12 of the treatment, 47 patients had pNR and
63 had cEVR. rs12979860 and rs8099917 are both associated with
SVR and are in strong linkage disequilibrium (37, 38). We selected
the 1512979860 polymorphism because this polymorphism was re-
ported to be more informative than rs8099917 in a cohort of patients
with Caucasian ancestry (39). rs8099917 was analyzed by direct se-
quencing in 28 patients of the cohort as described in reference 40. Of
the 28 patients tested, all who were rs12979860 CC were rs8099917
TT, and the 21 patients with the unfavorable allele rs12979860 CT/TT
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TABLE 1 Characteristics of the patients

Mean value = SD (range) or no. (%) of

Parameter” patients, unless otherwise indicated
No. of patients 133

Male/female 83 (62.4)/50 (37.6)

Age (yr) 47.8 = 8.9 (28-73)

BMI (kg/m?)

ALAT (IU/liter; ULN, 35
1U/liter)

ASAT (IU/liter; ULN, 30
1U/liter)

GGT (IU/liter; ULN, 60 IU/liter)

Total cholesterol (mmol/liter)

Glycemia (mmol/liter)

Median viral load (log IU/ml) *

25.3 * 4.0 (17.64-37.83)
109.7 *+ 74.3 (18-459)

68.3 * 47.6 (15-323)

84.1 + 81.8 (7-411)
4.6 + 1.2 (1.5-7.4)
52+ 1.2 (3.2-13.6)
5.5.% 0.7 (3.3-6.6)

SD (range)
HCV genotype
1 80 (60.2)
2 12 (9.1)
3 14 (10.5)
4 25(18.8)
5 1(0.7)
6
Unknown 1(0.7)
IFNL3 rs12979860 genotype
C/C 38 (28.5)
C/IT 51 (38.3)
T/T 29 (21.8)
Unknown 15 (11.4)
Stage of fibrosis”
F1 39 (29.3)
F2 50 (37.6)
F3 23 (17.3)
F4 19 (14.3)
unknown 2 (1.5)
Treatment response
SVR 66 (49.6)
NR 43 (32.3)
RR 21 (15.8)
pNR 47 (35.3)
cEVR 63 (47.4)

@ ALAT, alanine aminotransferase; ASAT, aspartate aminotransferase; GGT, gamma-
glutamyl-transferase; BMI, body mass index; ULN, upper limit of normal; SVR,
sustained virological response; NR, nonresponse; RR, relapse; pNR, primary
nonresponse; cEVR, complete early virological response.

b The Metavir system was used to determine fibrosis.

carried the rs8099917 unfavorable genotype TG or GG (see Table S2
in the supplemental material).

In the univariate analysis, we found no relationship between
the log expression of hepatic miR-122 and age at therapy, gender,
body mass index (BMI), alcohol use, HCV genotype, cholesterol,
triglycerides, or glycemia (Table 2). A decrease in the mean log
expression of hepatic miR-122 was associated with increased viral
load at baseline (P = 0.025), the serum level of GGT (P < 0.001),
and the ASAT and the ALAT values (P = 0.003 and P = 0.018,
respectively) (Table 3). We performed a regularized (LASSO) lin-
ear regression analysis with log expression of hepatic miR-122 as
the dependent variable. This analysis showed that only GGT and
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TABLE 2 Univariate analysis of relationship between log expression of
hepatic miR-122 and binary clinicobiological variables®

Mean
No. of difference

Variable patients Mean (SE) Pvalue (SE)
Age (yr)

<45 48 —0.01 (0.59)

=45 84 —0.13(0.62) 028  —0.12(0.01)
Gender

Female 50 —0.08 (072)

Male 83 —0.10 (0.54) 0.90 —0.01 (0.01)
Obesity (BMI)

=25 kg/m? 63 —0.03 (0.58)

>25 kg/m? 63 —0.15(0.61) 028  —0.12(0.01)
Alcohol use

<30 g/day 85 —0.029 (0.65)

=30 g/day 16 —0.102 (0.53) 0.67 —0.07 (0.03)
Fibrosis (Metavir score)

F1 39 —0.06 (0.59)

=R 92 —0.15(0.60) 0.06  —0.21 (0.01)
IFNL3 genotype

cC 38 0.08 (0.59)

CT/TT 80 —0.246 (0.63) 0.01 0.33 (0.01)
Viral genotype

HCV genotype 1 80 —0.145 (0.64)

Other subtypes 53 —0.017 (0.59) 0.25 —0.13 (0.01)

“ The Student ¢ test was used to test the lack of statistically significant differences for
miR-122 log expression between categories of each variable investigated. The P value
for each variable is reported. We also report the observed mean difference with the
associated standard error.

IFNL3 polymorphism had nonzero parameter estimates. The
multivariate model, which included GGT and IFNL3, showed that
patients with the CC genotype had higher log expression of he-
patic miR-122 than patients with CT and TT (Table 4).

Relationship between miR-122 expression, IFNL3 polymor-
phism, and response to therapy. In univariate analysis, the level
of expression of hepatic miR-122 before the initiation of treat-
ment was reduced in patients with pNR and those with NR or RR
(NR/RR) compared to, respectively, patients with cEVR (P =
0.003) (Fig. 1A) and SVR (P = 0.016) (Fig. 1B). There was no
significant relationship between hepatic miR-122 and response to
treatment at week 4.

Patients carrying the IFNL3 CC genotype had significantly

TABLE 3 Relationship between log expression of hepatic miR-122 and
continuous biological variables?

Variable Slope SE Pvalue R? coefficient
Viral load —0.20 0.08 0.025 0.052
Log(ASAT) —0.28 0.08 0.003 0.073
Log(ALAT) —0.21 0.09 0.018 0.045
Log(GGT) —0.29 0.06 3.10°° 0.173

“ The continuous biological variables that are significantly (P < 0.05) associated with
log expression of hepatic miR-122 are reported. The slope coefficient (with standard
error) of the linear regression model, together with the associated P value (and R*
coefficient), are reported.
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TABLE 4 Multivariate analysis with log expression of hepatic miR-122
as the dependent variable and log(ASAT) and IFNL3 genotype as the
independent variables

Variable Slope SE P value
IFNL3 (CCvs CT/TT) 0.25 0.11 0.03
Log (GGT) —0.27 0.06 <0.0001

higher expression of hepatic miR-122 (P = 0.01) (Table 2) than
patients with the CT/TT genotype (Fig. 2A). When analyzing the
relationship between hepatic miR-122 and IFNL3 genotypes (CC
versus CT/TT) stratified by response (SVR versus NR/RR), we
showed that, for NRs, the genotype CC is associated with an in-
crease of miR-122 (P = 0.005) (Fig. 2B), whereas for SVR, the
genotype is not associated with miR-122 levels (P = 0.4) (Fig. 2C).
When analyzing the relationship between miR-122 and response
(SVR versus NR/RR) stratified by IFNL3 genotypes (CC versus

>

1.5

1.0

p=0.003

0.5

-0.5 0.0

Log expression mir-122

-1.0

-1.5

0

cEVR (63) PNR (47)

15

1.0

p=0.016

0.5

Log expression mir-122 0
-0.5 0.0

-1.0

-1.5

0

SVR (66) NR/RR (64)

FIG 1 The hepatic expression of miR-122 is associated with early virological
response. The expression of miR-122 was assessed by RT-qPCR. The ACp
(ACp, = 24CPsamPle) of miR-122 was calculated and normalized to the ACp
value of SNORD44 in each biopsy specimen. The histograms represent the
mean log expression of miR-122/SNORD44 within the groups of patients,
comprising those with sustained virological response (SVR), nonresponse or
relapse (NR/RR), primary nonresponse (pNR), and complete early virological
response (cCEVR), normalized to the expression of miR-122 within the group of
histologically normal liver biopsy specimens. (A) The hepatic expression of
miR-122 was compared in patients with pNR and cEVR. (B) The hepatic
expression of miR-122 was compared in patients with NR/RR and SVR. The
nonparametric Wilcoxon Mann-Whitney test was used to compare miR-122
expression. The numbers in parentheses show the number of patients in each

group.
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FIG 2 The IFNL3 CC genotype is associated with accumulation of hepatic
miR-122. The expression of miR-122 was assessed by RT-qPCR. The ACp
(ACp, = 24¢PsamPley of miR-122 was calculated and normalized to the ACp
value of SNORDA44 in each biopsy specimen. (A to D) The histograms repre-
sent the mean log expression of miR-122/SNORD44 for all patients (A), pa-
tients who failed to respond to the treatment (NR/RR) (B), and SVR patients
(C). The boxes and whiskers are as described in the legend to Fig. 1. We used
the nonparametric Wilcoxon Mann-Whitney test to compare the expression
of miR-122 in IFNL3 CC and CT/TT patients. (D) Reduction of hepatic ex-
pression of miR-122 in IFNL3 CT/TT patients who failed to respond to the
treatment. The histograms represent the mean expression of miR-122/
SNORD44 in IENL3 CC and CT/TT patients with either SVR or NR/RR, nor-
malized to the expression of miR-122 within the group of histologically nor-
mal liver biopsy specimens. The errors bars represent the standard deviations.
The numbers in parentheses show the number of patients within each group.
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CT/TT), we showed that for CT/TT genotypes, the response is
associated with an increase of hepatic miR-122 (P = 0.04),
whereas for the CC genotype, the response is not associated with
hepatic miR-122 levels (P = 0.8) (Fig. 2D).

The response (NR/RR versus SVR) and response at week 12
(cEVR versus pNR) variables did not significantly improve the fit
of the multivariate model which included GGT and IFNL3.

The raw data for the expression of miR-122 in the liver and in
the serum are presented in Table S3 in the supplemental material.

Relationship between miR-122 expression and fibrosis. He-
patic miR-122 was reduced in patients infected with HCV (F1 to
F4) compared to its level in healthy controls. Hepatic miR-122 was
decreased in F3 and F4 patients compared to its levels in F1 and F2
patients (P = 0.01) (Fig. 3A). However, when we compared the F1
patients to those with Metavir scores of F2 to F4, the difference was
not significant within all HCV genotypes (P = 0.06) (Fig. 3A).

When we focused on patients with HCV genotype 1, we ob-
served increased miR-122 levels in both F1 patients only and F1
and F2 patients compared to, respectively, those with Metavir
scores of F2 to F4 or those with F3 and F4 (P = 0.018 and P = 0.04,
respectively) (Fig. 3B).

Within HCV genotype 1 patients, hepatic expression of miR-
122 was still associated with the viral load at baseline (P = 0.01),
ASAT (P = 0.012), ALAT (P = 0.02), and GGT (P < 0.0001).
HCV genotype 1 patients carrying the IFNL3 CC genotype had
higher expression of hepatic miR-122 than CT/TT patients at
baseline (P = 0.047).

Among the patients studied, 5 untreated patients with mild
disease had two liver biopsies at time intervals ranging from 2
years and 5 months to 8 years and 7 months. All 5 patients showed
a progression of the fibrosis stage at the second biopsy (F0 to
F1-F2 [n = 1] and F1 to F2 [n = 4]). One patient who showed
progression from F1 to F2 was infected by HCV genotype 2,
whereas the other 4 patients had HCV genotype 1. The patient
who showed progression from F0 to F1-F2 was a man, and 3 of the
4 patients who showed progression from F1 to F2 were women
(see Table S1 in the supplemental material). In each of the 5 pa-
tients, the hepatic expression of miR-122 was reduced at the time
of the second liver biopsy with its higher stage of fibrosis com-
pared to the hepatic miR-122 expression at the time of the first
liver biopsy at FO or F1 (Fig. 3C).

Association with serum miR-122. No relationship was found
between hepatic and serum miR-122 expression (P = 0.21)
(Fig. 4).

In univariate analysis, we found no relationship of the log ex-
pression of serum miR-122 serum with age at therapy, BMI, alco-
hol use, fibrosis stage, HCV genotype, IFNL3, cholesterol, and
glycemia. A 2.5-fold increase in the mean log expression of miR-
122 in serum was found in men compared to women (P = 0.05).
Moreover, an increase of serum miR-122 expression was associ-
ated with increased HCV viral load at baseline (P = 0.01), ASAT
(P = 0.009), ALAT (P = 0.004), and GGT (P = 0.005).

We found no relationship of the log expression of serum miR-
122 with response (NR/RR versus SVR) or response at week 12
(cEVR versus pNR).

Within patients with HCV genotype 1, we confirmed the asso-
ciation between expression of serum miR-122 and gender (P =
0.05), viral load at baseline (P = 0.02), and GGT (P = 0.025).

Using multivariate analysis, we found that men had higher log
expression of serum miR-122 than women (P = 0.009). More-
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FIG 3 Modification of hepatic miR-122 expression at different stages of
fibrosis in chronic hepatitis C. The expression of miR-122 was assessed by
RT-qPCR. The ACp (ACp, = 24CPsamPle) of miR-122 was calculated and
normalized to the ACp value of SNORD44. (A and B) The histograms
represent the mean expression of miR-122/SNORD44 within the groups of
patients at different stages of fibrosis (F1 to F4). Modification of miR-122
expression at the different stages of fibrosis is shown for all patients with
any HCV genotype (A) and for HCV genotype 1 patients only (B). The
expression of mir-122 was compared in F1-F2 versus F3-F4 and in F1
versus F2-F4 in patients with all genotypes (A) and only genotype 1 (B).
The number above the brackets is the P value for each association. We
performed the nonparametric Wilcoxon Mann-Whitney test to compare
miR-122 in each group of patients, including those with histologically
normal liver biopsy samples (N) and those with stage F1 to F4 fibrosis. The
numbers in parentheses show the number of patients within each group.
The errors bars represent the standard deviations. (C) Reduction of miR-
122 expression during early fibrosis progression. Five patients received 2
liver biopsies at different stages of fibrosis (x axis). The paired samples were
obtained at intervals varying from 2 years and 5 months to 8 years and 7
months. The number next to each line is the identification number for each
patient, also used in Table S1 in the supplemental material.

June 2014 Volume 88 Number 11

Analysis of miR-122 in Patients with Hepatitis C Virus

4 o
o 3 9 o° o
N 2 o o o o
I o o0, 5
b7 5 o o, B
= R . € °
€0 ° o 08 o 0 °
° °
£ o 0 o S oo o
5 o, s . o
o 2 ° J °
) B o
(=2 2 o L
o o °
34
. p=0.21
= T T T T T T T
-1.5 -1.0 -0.5 0.0 0.5 1.0 1:5

Log hepatic mir-122

FIG 4 Lack of association between hepatic and serum miR-122. Log expres-
sion of hepatic and serum miR-122 was compared in patients with CHC. We
tested the null hypothesis that the Pearson product moment correlation coef-
ficient is zero using the classical statistical test which follows Student’s ¢
distribution.

over, an increase in ASAT was associated with an increase in the
mean log expression of serum miR-122 (P = 0.004).

DISCUSSION

miR-122 is highly abundant within hepatocytes and plays a fun-
damental role in regulating hepatic functions (18-20, 31). More-
over, miR-122 expression is critical for HCV replication (24, 25,
41). However, so far, only a few studies have investigated the mod-
ification of miR-122 expression during CHC infection, especially
in vivo. Interestingly, both miR-122 expression and IFNL3 poly-
morphisms have been associated with responsiveness to PEG-IFN
plus ribavirin (7, 26). Therefore, we provided an analysis of miR-
122 expression and its association with IFNL3 polymorphism, fi-
brosis progression, and viral load in a large and well-phenotyped
cohort of 133 patients with CHC.

Taken together, our results suggest that the association be-
tween miR-122 and IFNL3 polymorphism is stronger than the
association between miR-122 and both SVR and cEVR. The rela-
tionship we observed between miR-122 expression and respon-
siveness to IFN may be due to the strongest association between
the expression of miR-122 and IFNL3 polymorphism. An IFNL3
CC genotype, SVR, and cEVR were associated with increased he-
patic expression of miR-122 in univariate analysis. However, us-
ing multivariate linear regression analysis with log expression of
hepatic miR-122 as the dependent variable, only IFNL3 CC poly-
morphism was independently associated with miR-122. Moreover,
we observed increased expression of miR-122 in IFNL3 CC patients at
baseline, whatever the response status. A previous study that included
61 patients with CHC reported a trend of upregulation of miR-122 in
IFNL3 CC patients compared to its expression in TT patients (P =
0.08) (42). Thelarger number of patients in our study may explain the
significant relationship we observed between the increased expres-
sion of miR-122 and IFNL3 CC.

Interestingly, during PEG-IFN-ribavirin therapy, patients
with the IFNL3 CC genotype had a more rapid early HCV viral
decline than CT/TT patients (10). Moreover, carriers of the IFNL3
CC genotype were more likely to have a superior innate immune
response to IEN therapy (11). Patients with IFNL3 CT/TT were
suggested to have an aberrantly enhanced baseline induction of
innate immune response pathways, resulting in an impaired viro-
logical response (11). Therefore, in our study, the stronger asso-
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ciation of miR-122 with cEVR (P = 0.003) than with SVR (P =
0.016) and the relationship between miR-122 and IFNL3 poly-
morphism suggest that miR-122 expression may play an impor-
tant role during early viral decline induced by the innate immune
response.

The expression of miR-122 is reduced in Huh-7 cells treated
with IFN-{ (43). Interestingly, our results correlate with this find-
ing. Indeed, patients with IFNL3 CT/TT, who have high innate
stimulation at baseline, had significantly lower expression of miR-
122 than patients with the CC genotype, who have low innate
stimulation. In IFNL3 CT/TT patients, a higher expression of IFN
at baseline could explain both the lower miR-122 expression and
high stimulation of the innate response.

Surprisingly, in our study, an increase in hepatic miR-122 ex-
pression was associated with a decrease in the HCV viral load at
baseline, whereas miR-122 stimulates HCV replication in vitro
(21). Moreover, patients with low viral decreases (pNR and NRs)
presented the lowest hepatic expression of miR-122 (Fig. 1). In
our series, we did not observe dramatic modification of miR-122
expression; the expression varied from 2- to 3-fold. Interestingly,
in patients treated with miravirsen, the lowest dose, 3 mg/kg, had
very limited antiviral effect (23), suggesting that a stringent inhi-
bition of miR-122 is required to efficiently inhibit HCV replica-
tion.

In our study, the expression of miR-122 was increased in
IFNL3 CC carriers, who had stronger activation of the innate im-
mune response. Interestingly, even if miR-122 stimulates the ex-
pression of HCV, the activation of innate immune activity may be
predominant and may result in a reduction of HCV replication.

miR-122 was suggested to inhibit, in vitro, the IFN-stimulated
response element activity that controls the expression of interfer-
on-stimulated genes (ISGs) (44). In patients with NR and in
IFNL3 CT/TT carriers, ISGs are overexpressed at baseline. It was
suggested that, in these patients, ISGs were already maximally in-
duced and the addition of exogenous IFN was not able to activate
it further. Therefore, in these patients, reduction of the expression
of miR-122 at baseline may participate in increased expression of
ISGs (37).

We found no association between hepatic miR-122 and ei-
ther total cholesterol or triglycerides, whereas miR-122 regu-
lates lipids and cholesterol metabolism (19, 41). In serum, the
increased expression of miR-122 was associated with an in-
crease of viral load and ALAT and ASAT values at baseline.
Since miR-122 is highly abundant in hepatocytes, the lysis of
hepatocytes may result in the release of ASAT and ALAT to-
gether with miR-122. However, if miR-122 release was only a
consequence of hepatocyte lysis, we would expect to see a
strong correlation between hepatic and serum expression of
miR-122. In the 80 paired samples, however, hepatic and serum
miR-122 were not associated (Fig. 4), and therefore, hepatocyte
lysis may not be the only mechanism responsible for the pres-
ence of miR-122 in the serum samples.

We found no relationship between the expression of serum
miR-122, IFNL3 polymorphism, and response to IFN therapy.
However, Su and colleagues described a reduction of baseline se-
rum miR-122 expression in NRs (27). They studied 126 serum
samples of patients of Asian ethnicity infected with genotype 1b or
2 (27). Moreover, most of the patients included were SVR (98
versus 28 NR) and carried the IFNL3 CC polymorphism (97 CC
versus 21 CT/TT) (27). In our series, different ethnicities (mainly
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Caucasian and African) were represented, with all HCV geno-
types. Moreover, 53% of HCV genotype 1-infected patients were
infected by subtype 1b. However, in accordance with our results,
Su and colleagues found no significant association between both
SVR and cEVR and serum miR-122 in the specific group of HCV
genotype 1 patients.

Both serum and hepatic expression of miR-122 were strongly
associated with GGT values (P = 0.005 and P = 3.10~°, respec-
tively). Serum miR-122 has been associated with GGT in a previ-
ous report (27). Moreover, GGT was reported as an independent
predictor of both SVR and clinical outcomes among patients with
chronic hepatitis C (45).

Since miR-122 is very abundant in the liver, we tested its asso-
ciation with fibrosis in patients with CHC. In our series of pa-
tients, the expression of miR-122 was reduced in patients with F3
and F4 fibrosis compared to its expression in patients with F1 and
F2 within all patients with any HCV genotype and HCV genotype
1-infected patients (P = 0.01 and P = 0.04). Moreover, within
HCV genotype 1 patients, we found higher hepatic expression of
miR-122 in patients with F1 fibrosis than in those with F2 to F4
(P =0.018) (Fig. 3B). Interestingly, we observed a reduction of the
expression of miR-122 during the progression of early stages of
fibrosis. The patients tested all showed reduction of miR-122 ex-
pression when they progressed to F2, whereas the level of expres-
sion of miR-122 in the 5 patients was different at FO or F1
(Fig. 3C). These 5 patients with historical paired liver biopsy spec-
imens are highly informative, even though the results should be
confirmed in a larger population.

The progression of fibrosis induces dramatic modification of
the architecture of the liver, and the activation of hepatic stellate
cells (HSCs) plays a crucial role during this process (46). A recent
report described a reduction of miR-122 in both serum and liver
of patients with CHC (32). miR-122 is mainly expressed by hepa-
tocytes, and during fibrosis progression, the number of hepato-
cytes decreases and the numbers of lymphocytes, Kuppfer cells,
and HSC:s increase. In our experiment, we studied the expression
of miR-122 in total liver cells. Therefore, in the samples from
patients with more advanced fibrosis, the amount of miR-122 may
be reduced more dramatically than the amount of the reporter
miRNA (SNORD44). However, a reduction of miR-122 has been
reported in frans-activated HSCs and in the liver of mice treated
with CCl4 (31), suggesting that miR-122 plays an important role
during fibrosis and that the reduced amount of miR-122 may not
be just a consequence of hepatocyte loss at more advanced stages
of fibrosis.

In conclusion, we provide an analysis of miR-122 expres-
sion in patients with CHC. We describe an increase in the ex-
pression of miR-122 in carriers of the IFNL3 CC polymor-
phism, independent of the response to PEG-IFN plus ribavirin.
Our results suggest that miR-122 may be associated with mo-
lecular mechanisms regulating responsiveness to PEG-IFN
plus ribavirin. Moreover, our results suggest that the reduction
of miR-122 expression may play a role during the progression
of fibrosis in patients with CHC. Interestingly, our study sup-
ports the idea that, in patients infected with HCV, miR-122
activity is not limited to stimulating the replication of the virus
but may also regulate molecular mechanisms of IFN respon-
siveness and fibrosis progression.
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