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Figure 4. (4) Westemn biot analysis. Five lanes were SVR (lanes 1-5), 4 lanas were NVR (fanes 6-8), and 3 lanes were non-HCV control (lanes
10-12), Specific bands for Cardif and -actin are indicated by amows. (B) Expression level of Cardif protein normalized to -actin in the liver biopsy
specimens according to ultimate treatment response. Error bars indicate the standard error.

in these partients, suggesting that NVR patients may have
adopted a different equilibrium in their immune re-
sponse to the virus. In contrast to the expression of RIG-I
and MDAS, Cardif mRNA, which was expressed in a
relarively consritutive fashion, was significantly lower in
NVR. Our ROC analysis highlights that lower expression
of Cardif relative to thar of RIG-I was one of the stron-
gest predicrors for NVR. Moreover, Western blot analysis
further confirmed the down-regulation of Cardif in NVR
patients, as demonstrated by its protein level. Because
Cardif is one of the subsrantial target molecules of HCV
evasion,''2? it is likely thar Cardif expression is sup-
pressed by HCV with resistant phenotype or is inade-
quate in NVR patients, Loo et al have demonstrated a
Cardif cleavage producr in 2 of 4 liver tissue samples of
chronic HCV infection.?® In our study, however, the
Cardif cleavage producr was nor detected, presumably
because the product could be unstable in vivo, resulting
in rapid degradarion. Although further studies are nec-
essary to elucidate mechanisms of Cardif down-regula-
tion, our findings of lower expression of Cardif in NVR

suggested that the status of Cardif expression in the liver
might have a significant effect on the ultimate outcome
of antiviral treatment,

The antiviral effect brought by RIG-1/Cardif signaling
is regulated by the coordination of negative and positive
regularors. It has been shown thar RNF125 funcrions as
a negative regularor of RIG-I/Cardif signaling. RNF125 is
an ubiquitin E3-ligase with activity against protein con-
taining CARD domains, such as RIG-I, MDAS, and
Cardif, and these ubiquitinated molecules undergo pro-
teasomal degradarion. In contrast, RNF125 do nor have
negative function against LGP2, a negative regulator of
RIG-I signaling, because LGP2 lacks CARD domain. In
contrast to RIG-I, RNF125 expression was rapidly sup-
pressed by exogenous IFN; therefore, observed lower
basal heparic level of RNF125 in NVR could be explained
by the suppressive effect of endogenous IFN, which may
be up-regulated in NVR patients. Hence, RNF125 may
constitute a negative regulatory circuit for IFN produc-
tion and is responsible for responsiveness to PEG-IFN
and ribavirin therapy.
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Figure 5. Transcriptional responses during PEG-IFN-a-2b and ribavirin therapy in PBMC (n = 14). Open columns indicata SVR (n = 7), and solid
columns indicate NVR (n = 7). Bor bars indicate the standard error. The P values determined by Mann-Whitney U test between 2 groups at 8 hours
were as follows: RIG-I, P .3; RNF125, P .3; Cardff, P.7; ISG15, P .3; USP18, P .2

It has been shown thar RIG-I function is modified by
1SG15 via ISGylation.!? Consistent with our data, Chen
et al idenrified 18 genes, including ISG15 and USP18,
whose expression differed between responders and non-
responders.2® Interestingly, a recent study has shown that
USP18 negarively regulares IFN signaling independently
of its isopeptidase activity toward ISG15 by binding to
the IFNAR2 recepror subunit and blocking the interac-
tion berween Janus kinase and the IFN recepror.?” More-
over, the siRNA knockdown of USP18 in human cells has
consistently been shown to potentiate the ability of IFN
to inhibit HCV RNA replicarion.?® Therefore, USP18 is
suggested as a novel in vivo inhibitor of signal transduc-
tion pathways thar are specifically triggered by type I IFN.
Consistent with a role for USP18 in down-regularting the
antiviral IFN response, we confirmed that up-regulation
of USP18 was one of the factors predicting a lack of
response to trearment with [FN.

The mechanism underlying the associarion of gene
expression involving innate immunity with resistance to
therapy is not well understood. Our human study wich
HCV patients treated by PEG-IFN and ribavirin high-
lights RIG-I/Cardif, RIG-I/RNF125, and 1SG15/USP18,
which is partly responsible for the clinical responsiveness
to antiviral therapy. RIG-I signaling by viral pathogens
may affect a wide variety of responses in not only innate
but also acquired immunity. Our study is the first to

demonstrate the potential relevance between molecules
involving innate immunity and the clinical response to
antiviral therapy.

In addition, sequential analysis of expression profile
during PEG-IFN-a-2b and ribavirin treatment was also
performed in this study. Lanford er al demonstrated
transcriptional response to IFN-a in chimpanzee by ge-
nome microarray analysis, which included RIG-I, ISG15,
and USP18.2° An association of transcriptional response
with early phase of virologic response has been also
reported in PBMC or liver biopsy specimen.?*-32 We re-
cently reported thar the rranscriptional double-stranded
RNA-activated protein kinase response during treatment
with PEG-IFN-a-2b and ribavirin was associated with the
ultimate clinical response.3® Similarly, the present study
demonstrated a strong and rapid increase of RIG-],
ISG15, and USP18 mRNA in response to clinical PEG-
IEN rrearment especially in SVR patients, although few
patients were available to achieve statistical significance
berween SVR and NVR. In marked contrast, transcrip-
tional response of RNF125 exhibited a triphasic pattern.
Rapid suppression seen in the first phase was presumably
because of a negarive regulatory effect of IFN. However,
increase of RNF125 mRNA in the second phase, which
tended to be grater in NVR, may be responsible for
inhibiting RIG-I expression seen 8-48 hours after PEG-
IFN-a-2b administration. Although limitations includ-
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ing the use of PBMC and small sample size still deserve
mention, the sequential expression profile during treat-
ment may provide further valuable information regard-
ing the prediction of the clinical response to the therapy
and the mechanism of action of antiviral trearment.

In the present study, we have included patients with
genotype 1b because it is imperative to designate a viro-
logically homogeneous patient group to associate indi-
vidual treatment responses with different gene expression
profiles that direct innate immune responses. We have
preliminarily studied genotype 2 patients and found that
Cardif and RNF125 gene expression levels in NVR pa-
tients were significantly lower than those with SVR pa-
tients (P = .03 and P = .04, respectively) and that RIG-
I/Cardif and RIG-I/RNF125 ratios were significantly
higher in NVR patients (P = .02 and P = .009, respec-
tively, see Supplementary Figure 2 online ar www.gastro-
journal.org). These findings suggest thar the differences
in gene expression profiles berween SVR and NVR were
almost identical to those demonstrated in patients with
genotype 1b. However, the correlation between treatment
responses in all the genotypes and the different status of
innate immune responses needs to be explored. Furcher
studies may be necessary to clarify this issue.

In conclusion, the results of the present study offer po-
tentially important clinical implications for patients with
chronic hepatitis C who are treated with PEG-IFN-« and
ribavirin. Quanrifying hepatic gene expression of the RIG-
I/Cardif system, including its regulators before treatment, is
useful in identifying patients who are ar a higher risk for
NVR. The data from these assays can provide valuable
information that may influence the decision about the
treatment strategy in each individual patient. Finally, this
clinical human study demonstrares the potential relevance
of the molecules involving innate immunity to the clinical
response to therapy. Our dara will help understand the
pathogenesis of HCV resistance and development of new
antiviral therapy targeted toward the innate immune sys-
rem.

Supplementary Data

Note: To access the supplementary material ac-

companying this article, visit the online version of Gas-

ar www.gastrojournalorg, and ar doi:
10.1053/j.gastro.2008.02.019.
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Background/Aims: Interferon (IFN) therapy leads to regression of hepatic fibrosis in chronic hepatitis C patients who
achieve a sustained virologic response (SVR), while the beneficial effect is limited in those who fail to do so. The aim
of the present study was to define factors associated with progression of fibrosis in patients who do not achieve a
SVR.

Methods: Fibrosis staging scores were compared between paired liver biopsies before and after IFN in 97 chronic hep-
atitis C patients who failed therapy. The mean interval between biopsies was 5.9 years. Factors associated with progression
of fibrosis were analyzed.

Results: Fibrosis progressed in 23%, remained unchanged in 47% and regressed in 29%, Steatosis and a high average
alanine aminotransferase (ALT) between biopsies were independent factors for progression of fibrosis with risk ratios
of 5.53 and 4.48, respectively. Incidence and yearly rate of progression of fibrosis was 64% and 0.22 £ 0.29 fibrosis units
per year in those with both risk factors compared to 8% and "~ 0.04 £ 0,17 fibrosis units per year in those negative for both
factors.

Conclusions: Hepatic steatosis and clevated ALT levels are risk factors for progression of fibrosis in chronic hepatitis C
patients who fail to achieve a SVR to IFN therapy and therefore may be therapeutic targets to halt the potentially
progressive disease.
© 2008 European Association for the Study of the Liver. Published by Elsevier B.V. All rights rescrved.
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Hepatitis C virus (HCV) is a major cause of
chronic liver disease worldwide. Mortality associated
with HCV infection results from the development of
liver cirrhosis and hepatocellular carcinoma, which
now is the leading indication for liver transplantation
[1]. Treatment with interferon (IFN), alone or in com-
bination with ribavirin (RBV), can eradicate HCV
infection in some patients, leading to sustained nor-
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malization of liver function, improvement of hepatic
inflammation and fibrosis and a decreased risk of
the development of hepatocellular carcinoma [2,3]
The problem is that only 50% of patients achicve a
sustained virological response (SVR) to therapy even
with the most highly developed regimens of IFN
[4,5]. The remaining patients who fail to clear the
virus are left with the risk of progressive discase. In
order to halt this potentially progressive disease, there
is a need to establish an effective target of therapeutic
intervention independent of antiviral therapy. There-
fore, it is important to define risk factors for the pro-
gression of fibrosis among chronic hepatitis C patients
who do not achieve a SVR to IFN therapy.

Several factors that may affect the rate of progression
of fibrosis have been investigated extensively, including
older age at infection, male gender, obesity, heavy alco-
hol consumption, and a high grade of necroinflamma-
tion [6-8). Several cross-sectional and longitudinal
studies suggest that hepatic steatosis, which is a com-
mon histological feature of chronic hepatitis C [9], influ-
ences the progression of hepatic fibrosis [10-14], while
other studies did not find such an association [15-18].
Besides these conflicting results, no study to date has
reported the effect of steatosis on longitudinal progres-
sion of fibrosis among patients who fail to respond to
IFN therapy. Therefore, we studied factors associated
with progression of fibrosis in those who failed IFN
therapy by comparing paired pre-treatment and post-
treatment liver biopsies.

2. Methods

2.1. Parients

The aim of the study was to identify risk factors associated with
progression of fibrosis in chronic hepatitis C patients who failed to
achieve a SVR to IFN therapy. To be included in this retrospective
study, patients had to have undergone liver biopsy before and afier
therapy, been treated with IFN and not achieved a SVR. Patients
with alcohol consumption of more than 20 g per day, co-infected
with HBV or HIV, and those with another known actiology of
liver disease, such as autoimmune hepatitis or metabolic disorders,
were excluded. A database of patients who had undergone liver
biopsy at Musashino Red Cross Hospital between 1990 and 2004
was reviewed retrospectively and a total of 1241 chronic hepatitis
CpeﬁmumedwitthNmidmtiﬂed;oflhﬂ.mThda
SVR and 834 had not achicved a SVR. Among those with treat-
ment failure, 104 fulfilled the above criteria but seven patients with
cirrhosis before treatment were excluded because the endpoint of
the study was progression of fibrosis. Therefore, this study cohort
consisted of 97 patients. In these patients, second liver biopsies
were performed before the second course of IFN therapy. Other-
wise, there were no standardized indications for the second liver
biopsy which may be the limitation of our study. Demographic
characteristics of patients at the time of initial biopsy are shown
in Table 1. The time between the paired biopsics was 5.9 years
on average, with a mange of 1.2-11.6 years. The median interval
between first biopsy and IFN therapy was 3 days (range 2-93
days), and that berween completion of IFN therapy and second
biopsy was 5.4 years (range 0.8-11.2 years). Laboratory tests were
performed monthly or bimonthly in all patients and all measure-
ments were taken at our single hospital.

Table 1

Demographic characteristics of patients

Number of patients 97

Age (years) 2+9

Gender: male/female 50/47

BMI (kg/m’®) 239x32
(median 24.0,
rangel9-33)

BMI <25/25-30/30 < (kg/m®) 55/37/5

Route of transmission

Blood transfusion/unknown 38/59

Duration of infection (years) 304+£92
(median 33.5,
range 3-48)

Genotype 1b/2a/2b 85/4/8

Serum HCV-RNA (Meg/ml) 17+£97

Pretreatment AST (TU/1) 73+£40

Pretreatment ALT (TU/1) 104 + 69

Pretreatment GGT (1U/1) Slt44

Histological variables at first biopsy

Stage of fibrosis 1/2/3 33/38/26

Grade of activity 0/1/2/3 15/36/41/5

Grade of steatosis 0/1/2/3 21/37/25/14

Size of steatosis macro/micro/mixed 16/17/64

Localization of steatosis centrilobular/diffuse 394

BMI, body mass index; AST, aspartatc aminotransferase, normal
range is 7-38 TU; ALT, alanine aminotransferase, normal range is
4-43 IU/1; GGT, gamma-ghutamyliransferase, normal range is 0-
731U/1; macro, macro-vesicular steatosis; micro, micro-vesicular
steatosis.

2.2. Histological evaluation

Median length of biopsy specimen and number of portal tracts
were 13.0mm (range 10-40mm) and 12 (range 6-34). All liver
biopsy specimens were evaluated separately by three independent
pathologists who were blinded to the clinical data. If there was dis-
cordance, the scores assigned by two pathologists were used for the
analysis. Fibrosis and activity were scored according to the META-
VIR scoring system [19]. Fibrosis was staged on a scale of 0-4: FO
(no fibrosis), F1 (mild fibrosis: portal fibrosis without septa), F2
(moderate fibrosis: few septa), F3 (severe fibrosis: numerous septa
without cirrhosis) and F4 (cirrhosis). Activity of necroinflammation
was graded on a scale of 0-3: AD (no activity), Al (mild activity),
A2 (moderate activity) and A3 (severe activity). Percentage of stea-
tosis was quantified by determining the averuge proportion of hepa-
tocytes affected by steatosis and was graded on a scale of 0-3: grade
0 (no steatosis), grade 1 (0-9%), grade 2 (10-29%), and grade 3
(over 30%). Size of steatosis was categorized into micro-vesicular,
macro-vesicular and mixed types. Localization of stealosis was cal-
egorized into cither centrilobular or diffuse pattern. Definition of
changes in the grade of sieatosis was as follows: worsening as 1
point or more increase, improvement as | point or more decrease,
and stability as no change.

2.3. Changes in fibrosis-staging score overtime

Changes in progression of fibrosis were defined as follows: progres-
sion of fibrosis was defined as a | point or more increase, regression as
a 1 point or more decrease and stability as no change in the META-
VIR fibrosis-staging score. In addition, because the time between
paired biopsies was variable, the yearly rate of progression of fibrosis
was calculated as the change in fibrosis-staging score divided by the
time between paired biopsies, as originally described by Poynard
et al. [6].
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2.4. Statistical analysis

The STAT View software package was used for statistical analysis,
Categorical data were analyzed using the Fisher’s exact test. Continu-
ous variables were compared with the Student’s ¢ test. Variahles that
were statistically significant in univariate analysis were included in
multivariate analysis using logistic regression analysis. The Kaplan-
Meier method and log-rank test were used to analyze the time to occur-
rence of fibrosis progression. A p-value of less than 0.05 was consid-
ered statistically significant.

3. Results

3.1, Factors associated with the initial stage of fibrosis
(cross-sectional study )

All three pathologists assigned the same score in
85% of patients for fibrosis staging and 95% of patients
for steatosis-grading. In cases with discordance, at least
two pathologists assigned the same scale. The stage of
fibrosis in the initial liver biopsy was F1 in 33, F2 in 38
and F3 in 26 patients. Various clinical factors were
analyzed in association with the advanced stage of
fibrosis. As a result, the presence of F3 fibrosis was
associated with older age, (51 +9 in F1-2 vs. 55+9
in F3, p=0.03), higher grade of histological activity
(A2-3 was 35% in F1-2 vs. 84% in F3, p=10.0001)
and higher grade of steatosis (steatosis grade 2-3 was
34% in F1-2 vs. 58% in F3, p=0.04).

The grade of steatosis was 0 in 21, 1 in 37, 2 in 25
and 3 in 14 patients. A higher grade of steatosis was
associated with female gender (the male/female ratio
was 35/23 .in grade 0-1 vs. 15/24 in grade 2-3,
p=0.04), increased BMI (BMI over 25 kg/m® was
31% in grade 0-1 vs. 62% in grade 2-3, p=0.006),
and higher grade of histological activity (A2-3 was
38% in grade 0-1 vs. 62% in grade 2-3, p=0.03).
Multivariate logistic regression analysis revealed that
increcased BMI and female gender were indepen-
dent factors associated with a high grade of steatosis
(Table 2).

Table 2
Multivariate logistic regression analysis of factors associated with
hepatic steatosis

Odds 95% C.I. p Value

BMI

=25 kg/m? 423 1.63-10.95 0.003
Gender

Female 275 1.06-7.14 0.04
Activity grade

2-3 2.30 0.85-6.26 0.10
Fibrosis stage

3 1.63 0.53-4.97 0.39

3.2. Change in fibrosis-staging scores over time
(longitudinal study)

Fibrosis staging progressed in 23% (progression by 2
points in 5% and 1 point in 18%), remained unchanged
in 47% and regressed in 29% (regression by 2 points in
2% and 1 point in 27%). At first liver biopsy, laparos-
copy was performed in 73 patients and the presence of
cirrhosis (F4) was carefully excluded. In another 24
patients, the possibility of mis-diagnosis of F4 as F3
remains. However, the incidence of fibrosis progression
did not differ according to the initial stage of fibrosis
(21.2% in F1, 26.3% in F2 and 19.2% in F3, p=0.78)
which indicates that misdiagnosis of F4 as F3 at initial
biopsy is unlikely.

Among various factors, as shown in Table 3, a higher
grade of steatosis, higher levels of ALT and AST (aver-
age value for the period between the paired liver biop-
sies) were associated with progression of fibrosis. Since
there was significant correlation between ALT and
AST levels (r=10.684, p <0.0001), these two variables
could not be analyzed together in multivariate analysis.

Table 3

Fuctors associated with the progr of fibrosis over time
Progression Non- P
n=22 progression  Value

a=175

Gender: male/female 913 41/34 0.33

Age al biopsy: <60/ 60 years 14/8 59/16 0.17

HCV genotype: 1b/non-1b 19/3 66/9 0.99

BMI: <25/>25 kg/m® 1M 44/31 0.48

Duration of infection (years) 321+52 2991100 056

Activity on first biopsy

Grade: 0-1/2-3 8/14 4332 0.10

Stearosis on first biopsy

Grade: 0-1/2-3 6/16 52/23 0.001

Size: macro/micro/mixed 4414 12/13/50 0.96

Location; centrilobular/diffuse 121 2/73 0.54

Evolution of steatosis

Worsening/improyement/stable  2/2/18 9/8/58 0.09

Average ALT: <100/>100TU/1  13/9 67/8 0.003

Average AST: <75/=75TU/ 10/12 61/14 0.002

Interval between biopsies (years) 51+32  62+24 0.9

Interval between completion of 4.6 +3.2 57424 0.10

IFN and second biopsy (years)

P fe

RBV-/RBV+ 22/0 71/4 0.27

Response to IFN

Relapser/non-responder 16/6 532 0.99

Evolution of weight

Gain/loss/stable 5/8/9 29/21/25 0.38

macro, macro-vesicular steatosis; micro, micro-vesicular sleatosis;
RBV-, interferon monotherapy; RBV+, interferon plus ribavirin
combination therapy.

Duration of infection was determined in 38 patients whose source of
infection was blood transfusion.
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Fig. 1. Progression of fibrosis stage, hepatic steatosis and the average level of ALT. The progression of the fibrosis score over time is illustrated using bar
charts. (8) Steatosis grades of 2 or 3 at initial liver biopsy were associated with the increased progression of fibrosis over time. (b) High average ALT levels
during the observation period were associated with progression of fibrosis at the threshold of 100 TUA.

Thus, average level of ALT was used for the following
analysis. The probability of progression of fibrosis was
14%, 8%, 36% and 50% in patients with steatosis grades
of 0, 1, 2 and 3, respectively (p = 0.008), and 17%, 17%,
13%, 21% and 53% in patients with average ALT valucs
of <40, 40-59, 60-79, 80-99 and over 100 IU/I, respec-
tively (p = 0.02) (Fig. 1). Multivariate logistic regression
analysis revealed that these two were independent risk
factors associated with the progression of fibrosis with
risk ratios of 5.14 for steatosis (p = 0.004) and 5.21 for
ALT (p = 0.01) (Table 4).

When patients were categorized in terms of these two
risk factors, the incidence of progression of fibrosis was
as high as 64% in those with both risk factors, compared
to 8% in those negative for these factors. Conversely, the
incidence of fibrosis regression was only 9% in those
with both risk factors, compared to 37% in those nega-
tive for these factors (p = 0.0003) (Fig. 2).

In order to adjust for the effect of variable intervals
between paired biopsies, the yearly rate of progression
of fibrosis was calculated as the change in the fibrosis-
staging score divided by the time between paired biop-
sies. The average of all patients was 0.02 + 0.22 fibrosis
units per year. Again, a higher grade of steatosis
(p=0.004) and higher average level of ALT

Table 4
Multivariate logistic regression analysis of factors associated with
progression of fibrosis over time

Odds 95% C.I. p Value
Steatosis grade
=2 5.14 1.67-15.77 0.004
Average ALT
=100 TUA 521 1.49-18.20 0.01

(p = 0.0005) were associated with a higher rate of pro-
gression of fibrosis (Table 5). In addition, the yearly rate
of progression of fibrosis was 0.22 + 0.29 fibrosis units
per year in those with both risk factors, 0.12 + 0.37 in
those with elevated ALT alone, 0.05 = 0.16 in those with
steatosis alone and —0.05£ 0.17 in those negative for
these two factors (p=0.001). Time to progression of
fibrosis at second biopsy was also analyzed by the Kap-
lan-Meier method. The cumulative probabilities of pro-
gression of fibrosis at five years were 58% in those with
both risk factors, 33% in those with clevated ALT alone,
18% in those with steatosis alone and 2% in those nega-
tive for these two factors (p < 0.0001) (Fig. 3).
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Fig. 2. Evolution of fibrosis stage in terms of risk factors. Patients were
categorized into four groups according to the presence or absence of two
risk factors. The upper bar chart (dark gray) indicates the progression of
fibrosis while the lower bar chart (light gray) indicates the regression of
fibrosis.



