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Post-ERCP pancreatitis, no. (%)

Variable Yes No P value

Age <60, y 10/111 (9.0) 35/372 (9.4) 899

Main indication for ERCP

Common bile duct stone 14/204 (6.9) 31/279 (11.1) 113
' . 12/ 3/342 (9.7) ‘

Bile duct cancer 4/33 (12.1) 41/450 (9.1)

41/460 (8.9) 172

41/419 (9.8) 365

40/437 (9.2)

L (9.0)

OF pancreati

Small papilla of Vater 38/446 (8.5)

. 44/469 (94

19/291 (6.5) 015

30/330 (9.1)

Stenosis of inferior bile duct

Stenosis of hilar bile duct

- Stenosis of 'i’hfiﬁéhép:a”ticf bile duct ;

Brushing of stenosis of bile duct

Aspiration of pancreatic juice

 Brushing of stenosis of main p

Biopsy of pancreatic duct 45/477 (9.4) 430

35/375 (93)

45/477 (9.4) 430

Pre-cut 0/5 (0) 34/477 (9.4) 471

(continued on next page)
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Post-ERCP pancreatitis, no. (%)

Variable

Pancreatic duct stent or ENPD

Yes No

P value

38/424 (9.0)

4/267 (5.

endoscopic nasal pancreatic drainage.

IPMN, Intraductal papillary mucinous neoplasm; EPBD, endoscopic papillary balloon dilation; EPLBD, endoscopic papillary large-balloon dilation; ENPD,

*Other includes gallbladder cancer, hilar cholangiocarcinoma, cancer of the ampulla of Vater, autoimmune pancreatitis, and primary sclerosing cholangitis.

(Table 6). In univariate analysis, factors with P values < .10
were a small papilla of Vater, difficult cannulation,
diameter of the common bile duct of <10 mm,
acinarization, stenosis of the inferior bile duct, stenosis of
the hilar bile duct, stenosis of the intrahepatic bile duct,
and a total procedure time >40 minutes. In multivariate
analysis performed with factors with P values < .10 in
univariate analysis, total procedure time > 40 minutes was
identified as a risk factor (P = .049).

DISCUSSION

The pathogenesis of PEP is still uncertain, but is
believed to be multifactorial; mechanical injury, hydrostatic
injury, chemical and allergic injury, enzymatic injury, infec-
tion, and thermal injury have been postulated as factors in
the development of PEP. Attempts to prevent possible
pathogeneses have been made by using various pharmaco-
logic agents. Risperidone is a unique agent for prevention
of PEP in terms of its pharmacologic action, that is, selective
blockage of 5-HT,, receptors. Activation of these recep-
tors is thought to be associated with the development
and severity of acute pancreatitis. Risperidone also has
several other possible advantages over other agents for
PEP prevention, including the convenience of oral adminis-
tration, compared with rectal or venous administration;
global availability, unlike protease inhibitors such as ulinas-
tatin and gabexate; and a well-established safety profile.

In the current study, risperidone failed to demonstrate a
significant protective effect on PEP in high-risk patients.
The incidence of PEP in the risperidone group was 10%,
which was higher than that in the risperidone and ulina-
statin group (5.3%) in our recent Tokyo P3R study.'?
This difference might not simply be due to an effect of
ulinastatin alone, because the incidences of PEP were
similar in the placebo group in this study and in the
ulinastatin group in the Tokyo P3R study (8.6% vs
8.8%)."* Thus, a combination of risperidone and ulina-
statin might have a synergistic effect on pancreatic injury
after ERCP.

Pancreatic enzyme levels at 3 hours after ERCP were
observed to be lower in the risperidone group than in
the placebo group (nominally significantly lower in a single
test of hypothesis; however, this significance was removed
by Bonferroni correction for multiple tests), even though
the rates of PEP did not differ significantly between the
two groups. It is difficult to explain this finding, but the
results suggest that risperidone may have a protective
effect against pancreatic damage during ERCP. In the
Tokyo P3R study,** the combination of risperidone and
ulinastatin also significantly reduced post-ERCP pancreatic
enzyme levels. These findings suggest that an increased
dosage and frequency of administration of risperidone
might have resulted in a decreased incidence of PEP.
Further studies are needed to address this issue.

Many studies have examined risk factors for PEp 3461618
Freeman and Guda® identified endoscopic papillary
balloon dilation, moderate to difficult cannulation, pancre-
atic sphincterotomy, pancreatic contrast material injection,
suspected sphincter of Oddi dysfunction, female sex,
normal serum bilirubin levels, and absence of chronic
pancreatitis as risk factors, but these factors did not
increase the risk of PEP in the current trial. In our study
population, the risk factors for PEP were a small papilla of
Vater, a long total procedure time, and stenosis of the
intrahepatic duct. To the best of our knowledge, a small
papilla of Vater has not been previously suggested as a
risk factor for PEP. It is reasonable to assume that a small
papilla makes the pancreatic orifice susceptible to trauma,
which then leads to pancreatitis. A prophylactic pancreatic
stent may be effective for PEP in such cases, and a
prospective study is warranted.

Tarnasky et al*® showed that patients with proximal bil-
iary strictures were at significantly increased risk for PEP,
compared with those with distal or no strictures. Stenosis
of the intrahepatic duct also increased the incidence of PEP
in the current study. Tarnasky et al also suggested that
performing sphincterotomy before stent placement could
prevent pancreatitis. In the current study, 13 of 16 patients
with intrahepatic duct stenosis underwent stent place-
ment, but only 2 underwent sphincterotomy. A prospective,
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Odds

95% CI

Total procedure 235
time =40 min

1.11-497 025

Cl, Confidence interval.

randomized study is needed to determine whether sphinc-
terotomy before stent placement can reduce the incidence
of pancreatitis. Regarding the length of the procedure,
Sofuni et al*® showed that a time >30 minutes was a risk
factor for PEP, and a time of >40 minutes similarly was
found to be a risk factor in this study. A long procedure
time might lead to edema of the papilla of Vater.

Pancreatic stent insertion has been shown to decrease
the rate of PEP in high-risk patients.”>*' However, this
intervention was not specifically investigated in the present
study, and pancreatic stent placement was performed at
the discretion of each individual endoscopist. Therefore,
we cannot draw a firm conclusion with regard to the effi-
cacy of pancreatic stents from our study. Compared with
pharmacologic prevention of PEP, this procedure is not
easy to perform, and the success rate is highly operator
dependent. Moreover, a failed attempt at pancreatic stent
insertion is associated with PEP. We consider that prophy-
lactic pancreatic stent placement should be performed by
expert endoscopists in patients with the greatest risk of
developing pancreatitis.

There are two potential limitations to the present study.
First, we included a university hospital and tertiary-care
referral hospitals. Although multicenter trials have the advan-
tage of improving generalization of the results, these trials
can introduce a degree of heterogeneity. Second, the timing
of drug administration was relatively variable (0.5-2 hours
before ERCP). We set the wide range of administration
time because it was difficult to start ERCP exactly at the
planned time in many participating centers. Because serum
concentration of risperidone reaches a peak at 0.8 to 1.4
hours after administration, and its half-life is about 21 hours,
we consider the range of administration time in the present
study to be negligible.

In conclusion, risperidone did not show a benefit in pre-
vention of PEP in this trial, but reduced serum pancreatic
amylase levels were observed at 3 hours after ERCP in
the risperidone group.
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Aim: In order to evaluate and judge a fibrotic stage of
patients with chronic hepatitis C, multivariate regression
analysis was performed using multiple fibrotic markers.

Methods: A total of 581 patients from eight hepatology
units and institutes were diagnosed by needle biopsy as
having chronic liver disease caused by hepatitis C virus.
Twenty-three variables and their natural logarithmic transfor-
mation were employed in the multivariate analysis.

Results: Multivariate regression analysis finally obtained
the following function: z = 2.89 x In (type IV collagen 7S) (ng/
mL) - 0.011 X {platelet count) (x10°mm? +0.79 xIn (total
bilirubin) (mg/dL) + 0.39 xIn (hyaluronic acid) (ug/L)— 1.87.
Median values of the fibrotic score of F1 (n = 172), F2 (n = 80),

F3 (n = 37) and F4 (n = 16) were calculated as 1.00, 1.45, 2.82
and 3.83, respectively. Multiple regression coefficient and
coefficient of determination were 0.56 and 0.320, respec-
tively. Validation with patient data from other institutions
demonstrated good reproducibility of the fibrotic score for
hepatitis C (FSC), showing 1.10 in F1 (n = 156), 2.35 in F2
(n=73),3.16InF3 (n=36) and 3.58 in F4 (n = 11).

Conclusion: A concise multiple regression function using

four laboratory parameters successfuily predicted pathologi-
cal fibrotic stage of patients with hepatitis C virus infection.

Key words: chronic hepatitis, hepatitis C virus, liver
cirrhosis, liver fibrosis, multiple regression analysis, stage

INTRODUCTION

HEN HEPATITIS C virus (HCV)-related chronic

liver disease was found by biochemical and viro-
logical examination, peritoneoscopy and/or liver biopsy
can establish the definitive diagnosis of chronic hepati-
tis and liver cirrthosis. Although these pathological pro-
cedures are reliable and informative both in diagnosis
and treatment, they sometimes require medical invasion
and financial costs, including the risk of bleeding from
needle puncture, some pain experienced during the
examination, medical expenses and hospitalization for a
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few days. The pathological examination is, therefore,
rarely performed repeatedly in a short period of time,
even when disease activity is severe and progression
of liver disease is highly suspected. Recently, many
authors described the usefulness of ultrasonographic
elastography and magnetic resonance imaging technol-
ogy in the estimation of staging of chronic hepatitis and
cirrhosis.’* These ways of estimation using the imaging
apparatuses seem truly useful for current patients, but it
cannot evaluate and compare with past fibrotic states of
patients retrospectively. Moreover, the same apparatus
for elastometry will not be available for repeated mea-
surement for a follow-up examination, several years
later for example.

In spite of the accuracy of biopsy and of convenience
of elastography in chronic liver disease, clinical diagno-
sis based on biochemistry and hematology is still indis-
pensable for the daily practice of many patients with
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HCV-related liver disease. Recently, several studies were
published about estimation of hepatitis stages, using
one or more serum biomarkers. Discriminant functions
or multivariate analyses demonstrated that approxi-
mately 60-90% of patients with chronic hepatitis C
were correctly classified as mild hepatitis and severe
hepatitis with advanced fibrosis.>’® The usefulness of
the discriminant functions was, however, less valuable
up to the present time for a few reasons. First, these
functions were made for the purpose of discrimination
of severe hepatic fibrosis from mild fibrosis, and four
histological classifications (F1, F2, F3 and F4) were
selected in almost of the studies. Second, some studies
analyzed both hepatitis B virus and HCV infection,
although the significance and actual values of each liver
function test in the evaluation of the severity of liver
disease were not similar among each viral hepatitis and
alcoholic liver disease. Third, biochemical markers for
liver fibrosis (e.g. hyaluronic acid, type IV collagen,
procollagen III peptide)'’-'° were not always included in
those previous studies.

We tried to generate a function estimating fibrotic
stages of HCV-related chronic hepatitis, which were
objectively diagnosed by liver biopsy. The purpose of
this study is, therefore, to make a reliable multiple
regression function and to obtain practical coefficients
for significant variables also using fibrotic markers.

METHODS

Patients

TOTAL OF 605 Japanese patients with chronic
hepatitis C were recruited for the study from eight
hospitals in Japan: Toranomon Hospital, Hiroshima
University Hospital (K. Chayama, M.D.), Ehime Univer-
sity Hospital (M. Onji, M.D.), Musashino Red Cross
Hospital (N. Izumi, M.D.), Shishu University Hospital
(E. Tanaka, M.D.), Showa University Hospital (M.
Imawari, M.D.), Osaka University Hospital (T.
Takehara, M.D.) and Kagoshima University Hospital (H.
Tsubouchi, M.D.). Inclusion criteria for this study were:
(i) positive HCV antibody for more than 6 months; (ii)
persistent or intermittent elevation in aspartate amino-
transferase (AST)/alanine aminotransferase (ALT) levels;
and (iii) liver biopsy showing chronic hepatitis (F1, F2,
F3 or F4). We excluded those patients with overt alco-
holic liver disease or fatty liver, association of other
types of liver disease (e.g. hepatitis B, primary biliary
cirrhosis, autoimmune hepatitis), or those associated
with hepatocellular carcinoma or other malignancy.
Among the patients, 603 fulfilled the conditions for the

© 2013 The Japan Society of Hepatology
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study: complete demographic data, basic laboratory
data of hematology and biochemistry, required liver
biopsy specimens, and sufficient amount of frozen sera.
We also excluded an additional 22 patients with even-
tual histological diagnosis of FO stage.

Finally, a total of 581 patients who were diagnosed as
having chronic hepatitis or cirrhosis (F1, F2, F3 or F4)
were analyzed for the following hematological, bio-
chemical and histopathological examination. There
were 305 males and 276 females aged 15-78 with a
median of 55 years.

All the patients presented written informed consent in
individual hospitals and medical centers, and the study
was approved by each ethical committee.

Hematological and biochemical examination

Hematological and standard biochemical evaluation
had been performed in each medical institution: white
blood cell, red blood cell count, hemoglobin, platelet
count, total bilirubin, AST, ALT, AST/ALT ratio (AAR),
v-glutamyltransferase (GGT), total protein, albumin and
v-globulin.

Special biochemical examinations including fibrotic
markers were carried out using stored frozen sera at
—20°C or lower: o2-macroglobulin, haptoglobin
concentration, haptoglobin typing, apolipoprotein Al,
hyaluronic acid, tissue inhibitor of matrix metal-
loproteinase (TIMP)-1, TIMP-2, procollagen III peptide
and type IV collagen 78.

Histological diagnosis of chronic hepatitis
and cirrhosis

All of the 581 cases fulfilled required standards of
histological evaluation: sufficient length of specimen,
hematoxylin-eosin staining and at least one specimen
with fiber staining. Four independent pathologists
(Y. T, J.F, FE.K and T. F.), who were not informed of
patients’ background and laboratory features except for
age and sex, evaluated the 581 specimens regarding the
stages of fibrosis and activity. Pathological classification
of chronic hepatitis staging was based on Desmet et al.*

Before judgment of histological staging of individual
specimens, the pathologists discussed objective and
reproducible judgment of pathological diagnosis of
hepatitis. They made a panel for obvious criteria using
typical microscopic pictures for each stage, and it was
always referred to during the procedure of pathological
judgment. When inconsistent results were found in the
diagnosis of stage of hepatitis among the pathologists,
the final judgment was accepted as the majority rule
among them.
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Statistical analysis

Non-parametric procedures were employed for the
analysis of background characteristics and laboratory
data among patients in each stage, including Mann-
Whitney U-test, Kruskal-Wallis test and y2-test.

The normality of the distribution of the data was
evaluated by Kolmogorov-Smirnov one-sample test.
Because certain variables partly did not conform to a
normal distribution, natural logarithmic transformation
of bilirubin, AST, ALT, GGT, o:2-macroglobulin, hyal-
uronic acid, type IV collagen 7S and TIMP-2 were also
analyzed in the following calculation. The natural loga-
rithmic transformation of the results yielded a normal
distribution or symmetrical distribution for all the
analyzed factors. After the procedures, the following
multiple regression analysis became rationally robust
against deviations from normal distribution. In order to
avoid introducing into the model any variables that
were mutually correlated, we checked the interaction
between all pairs of the variables by calculating variance
of inflation factors. Of the highly correlated variables,
less significant factors were removed from the viewpoint
of multicollinearity.

Multivariate regression analysis was performed using
305 patient data from Toranomon Hospital (training
dataset), to generate training data of predicting func-
tion. We used a stepwise method for selection of infor-
mative subsets of explanatory variables in the model.
Multiple regression coefficient and coefficient of deter-
mination are also taken into account in the selection of
variables. Next, we validated the obtained predictive
function using the remaining 276 patient data from the
other seven liver institutions (validation dataset).

A P-value of less than 0.05 with two-tailed test was
considered to be significant. Data analysis was per-
formed using the computer program SPSS version 19.2!

For evaluation of the efficiency and usefulness of
obtained function for estimation of fibrosis, we com-
pared various fibrotic scores for hepatitis C, including
AAR,® AST-to-platelet ratio index (APRI),"? FIB-4"* and
FibroTest.?

RESULTS

Pathological diagnosis

FOUR PATHOLOGISTS INDEPENDENTLY judged
the fibrotic stages and inflammatory activity for 581
specimens of chronic hepatitis/cirrhosis caused by HCV.
A total of 328 patients (56.5%) had a fibrotic stage of
F1, 153 (26.3%) F2, 73 (12.6%) F3 and 27 (4.6%) F4. In

Fibrotic score of hepatitis C 3

the training subgroup (n =305), judgment of F1 was
made in 172, F2 in 80, F3 in 37 and F4 in 16. In the
validation group (n = 276), judgment as F1 was made in
156, F2 in 73, F3 in 36 and F4 in 11.

According to hepatitis activity classification, A0 was
found in nine patients (1.52%), Al in 350 (60.2%), A2
in 198 (34.1%) and A3 in 24 (4.1%).

Laboratory data of each hepatitis stage in
training group

There were 161 males and 144 females with a median
age of 54 years (range, 22-69). Laboratory data of the
305 patients in the training group are shown in Table 1.
Although several individual items were well correlated
with the severity of hepatic fibrosis, significant overlap
values were noted among F1 to F4 stages: platelet count,
GGT, y-globulin, hyaluronic acid and type IV collagen
78S.

Regression function generated from training
patient group
After stepwise variable selection, multivariate regres-
sion analysis finally obtained the following function:
2=2.89 xIn (type IV collagen 7S) (ng/mL)~ 0.011 x
(platelet count) (x10°/mm?®)+0.79 xIn (total biliru-
bin) (ng/mL)+0.39 xIn" (hyaluronic acid) (um/L) -
1.87. Median values of the fibrotic score of F1 (n = 172),
F2 (n=80), F3 (n=37) and F4 stages (n=16) were
calculated as 1.00, 1.45, 2.82 and 3.83, respectively
(Fig. 1). The multiple regression coefficient and coeffi-
cient of determination were 0.56 and 0.32, respectively.
A 55-year-old man with F1 fibrotic stage (Fig. 2a)
showed serum type IV collagen concentration as 3.8 ng/
mL, platelet as 152 x 10% count/mm?, total bilirubin
as 0.8 mg/dL and hyaluronic acid as 16 ug/L. The
regression function provided his fibrotic score as 1.16.
Another man aged 43 years had F3 fibrosis with severe
hepatitis activity of A3 on histological examination
(Fig. 2b). His type IV collagen was 11.0 ng/mL, platelet
162 X 10° count/mm?®, total bilirubin 0.7 mg/dL and
hyaluronic acid 189 pg/L, and regression function cal-
culated his fibrotic score as 4.98.

Validation of discriminant function

Validation data of 276 patients (Table 2) were collected
from the other seven institutions in Japan. When apply-
ing the regression function for the validation set, the
fibrotic score for hepatitis C (FSC) demonstrated good
reproducibility, showing 1.10 in patients with chronic
hepatitis of F1 (n = 156), 2.35 in F2 (n=73), 3.16 in F3
(n=36) and 3.58 in F4 (n=11) (Fig. 3). Although F4

© 2013 The Japan Society of Hepatology
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Table 1 Demography and laboratory data of 305 patients in training group

Hepatology Research 2013

F1 (n=172) F2 (n=80) F3 (n=37) F4 (n=16)
Demography
Males : females 97:75 38:42 20:17 6:10
Age (median, range) 51 (22-69) 55 (29-68) 55 (27-69) 56.5 (29-65)
Laboratory data (median, range)
WBC (x10%/mm?) 4.7 (2.0-10.1) 4.3 (2.3-8.5) 4.5 (2.9-6.8) 4.7 (3.3-6.9)

Hemoglobin(g/dL)

Platelet (x10%/mim?)

Albumin (g/dL)
Bilirubin (mg/dL)
AST (IU/L)

ALT (IU/L)

¥-GTP (IU/L)
v-Globulin (g/dL)
v-Globulin (%)

02-Macroglobulin (mg/dL)

Haptoglobin (mg/dL)
Apolipoprotein Al (mg/dL)
Hyaluronic acid (pg/L)

TIMP-1 (ng/mL)
TIMP-2 (ng/mL)

Procollagen III peptide (U/mL)
Type IV collagen 7S (ng/mL)

14.6 (11.0-18.2)
183 (52-364)
4.1 (2.3-4.9)
0.8 (0.2-1.9)

42 (16-386)

60.5 (12-1664)

40 (7-383)

1.47 (0.58-3.40)

19.4 (10.0-40.5)
269 (123-505)

94.5 (<5-265)
132 (71-209)

25 (<5-407)

165 (73-291)

77.5 (31-210)

0.75 (0.47-1.50)
4.0 (1.7-73)

14.4 (9.3-17.4)
161 (82-387)

14.6 (11.5-17.7)
131 (74-237)

14.55 (12.1-16.5)
124 (7.7-191)

4.0 (3.5-4.6) 3.9 (3.1-4.6) 3.8 (3.3-4.3)
0.7 (0.3-1.7) 0.9 (0.4-7.5) 0.8 (0.5-7.4)
61 (16-332) 63 (13-238) 71 (30-160)
84.5 (10-647) 108 (27-415) 90.5 (36-264)
48 (10-262) 54 (13-209) 58 (21-195)

1.61 (1.02-2.41)
20.9 (14.0-28.3)
335 (154-551)

1.69 (0.66-2.64)
21.3 (8.1-30.4)
369 (183-627)

1.79 (1.22-2.73)
22.7 (16.5-36.9)
317 (207-511)

75.5 (<5-263) 56 (<5-2031) 75 (30-142)
131 (73-207) 124 (98-166) 121 (83-153)
41.5 (<5-263) 71 (<5-326) 89.5 (5-246)
173 (97-302) 182 (126-308) 192.5 (128-260)
80 (34-307) 76 (46-143) 78 (58-110)
0.805 (0.61-1.70) 0.86 (0.53-1.50) 1.05 (0.66-1.60)
4.3 (2.1-11.0) 5.2 (3.2-11.0) 5.8 (4.3-9.4)

v-GTP, y-glutamyl transpeptidase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TIMP, tissue inhibitor of matrix

metalloproteinase; WBC, white blood cell.

fibrotic stage consisted of only 11 patients and the score
3.58 was regarded as a rather low value, the scores of
other stages of fibrosis were concordant with histologi-
cal fibrosis.

Fibrosis score of

hepatitis C
3.83
282 T
. e
4 1.00 |
3
2
1
0 P

Histological
diagnosis

F1 F2 F3 F4
N=172 80 37 17

Figure 1 Box and whisker plots of fibrotic score of each group
of histological fibrosis in the training dataset. Fibrotic score of
hepatitis C (FSC) was generated by the function, z=2.89 x In
(type IV collagen 7S) (ng/mL)-0.011 x (platelet count)
(x10°/mm®) + 0.79 x In (total bilirubin) (mg/dL)+0.39 x In
(hyaluronic acid) (pg/L) — 1.87.

© 2013 The Japan Society of Hepatology

Comparisons of efficacy with various
fibrotic scores (Fig. 4)

In order to evaluate the efficacy and usefulness of the
obtained FSC, we compared with previously reported
fibrotic scores using training data. AAR, APRI, FIB-4 and
FibroTest showed only slight correlation with actual his-
tological stage. APRI and FIB-4 demonstrated increasing
trends of the score associated with histological fibrosis,
but significant overlapping scores were found through
F1 to F4. Spearman’s correlation coefficients of AAR,
APR], FIB-4 and FibroTest were 0.021 (P=0.707), 0.462
(P <0.001), 0.440 (P<0.001) and 0.415 (P <0.001),
respectively. Our FSC showed Spearman’s correlation
coefficient of 0.572 (P < 0.001), and was of much higher
value than the others.

DISCUSSION

ECOGNITION OF SEVERITY of chronic hepatitis is

essential in managing patients with chronic HCV
infection: estimation of length of infection, existence of
any previous hepatitis activity, presumption of current
fibrotic stage, and prediction of future fibrotic progres-
sion and hepatocarcinogenesis. Differential diagnosis of
cirthosis from chronic hepatitis is especially important
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Figure 2 Case presentations of the training set. (a) A 55-year-old man with F1 fibrosis. Final regression function provided his

fibrotic score as 1.16. (b) A 43-year-old man with F3 fibrosis with severe hepatitis activity. His regression coefficient was calculated
as 4.98 (silver stain, x40).

in the evaluation of chronic HCV infection. Identifica-
tion of liver cirthosis often leads to an important change
in management of the patients: needs for fiberscopic
examination for esophageal varices, ultrasonographic
exploration for the association of liver cancer, and pre-
diction of hepatic decompensation.

Recently, non-invasive estimation of severity of liver
fibrosis has been reported in patients with HCV-related
chronic hepatitis.>"* However, these studies were prin-
cipally aimed at differentiation of advanced fibrotic
stages of F3 or F4 from mild fibrotic stages of F1 or F2.
Those discriminative functions were insufficient to

© 2013 The Japan Society of Hepatology
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Table 2 Demography and laboratory data of 276 patients in validation group

F1 (n=156) F2 (n=73) F3 (n=36) F4 (n=11)
Demography
Males : females 83:73 42:31 13:23 6:5
Age (median, range) 55 (15-74) 58 (32-77) 62.5 (30-78) 51 (38-73)
Laboratory data (median, range)
WBC (x10°/mm?) 5.1 (2.1-10.5) 4.8 (2.6-9.0) 4.85 (2.3-14.2) 3.9 (3.2-6.0)

Hemoglobin (g/dL)
Platelet (x10%/mm®)

14.2 (8.9-17.7)
183 (59-440)

Albumin (g/dL) 4.3 (3.1-5.3)
Bilirubin (mg/dL}) 0.7 (0.2-8.7)
AST (1U/L) 35 (11-1390)
ALT (IU/L) 49 (11-1635)
Y-GTP (IU/L) 35 (11-600)
v-Globulin (g/dL) 1.47 (0.70-2.14)

v-Globulin (%)
o2-Macroglobulin (mg/dL)

19.5 (9.2~26.4)
271.5 (126-572)

14.4 (11.8-17.4)
153 (80-265)

14.1 (10.1-16.4)
136 (64-348)

13.6 (8.9-16.3)
135 (79-153)

4.3 (3.3-5.2) 4.05 (3.0-5.5) 3.9 (3.0-4.7)
0.7 (0.2-1.7) 0.8 (0.2-2.5) 0.8 (0.4-11.0)
49 (19-183) 80 (20-190) 96 (29-257)
62 (12-575) 84 (14-218) 115 (29-303)
52 (10-497) 51 (14-236) 112 (17-312)

1.60 (0.80-2.37)
20.8 (10.8-30.8)
381 (172-573)

1.71 (0.63-2.62)
22.4 (9.5-29.9)
405.5 (196-594)

2.19 (1.70-2.82)
27.4(21.8-35.3)
468 (242-655)

Haptoglobin (mg/dL) 95 (<5-305) 80 (<5-223) 63.5 (<5-192) 65 (<5-130)
Apolipoprotein Al (mg/dL) 126 (45-198) 127 (63-191) 116 (46-172) 108 (62-171)
Hyaluronic acid (ug/L) 37.5 (<5-1260) 68 (5-1000) 140.5 (23-2610) 159 (33-364)
TIMP-1 (ng/mL) 157.5 (77-301) 172 (89-355) 188.5 (99-430) 192 (112-320)
TIMP-2 (ng/mL) 70 (21-294) 73 (21~207) 89 (27-280) 76 (36-120)
Procollagen III peptide (U/mL) 0.73 (0.52~8.30) 0.81 (0.53-1.60) 1.00 (0.63-1.90) 1.00 (0.68-1.60)
Type IV collagen 7S (ng/mL) 3.9 (1.2-12.0) 4.5 (2.3-9.9) 5.8 (2.8-16.0) 6.1 (4.6-10.0)

¥-GTP, y-glutamyl transpeptidase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TIMP, tissue inhibitor of matrix

metalloproteinase; WBC, white blood cell.

recognize the stepwise progression of viral hepatitis
from F1 through F4. This dichotomy (mild or severe) of
chronic hepatitis C seemed less valuable in the study of
disease progression, disease control abilities of antiviral

Fibrosis score of

s 3.16
hepatitis C Rl 3.58
2.35
4 -
I
3 1
2
1
0

F1 F2 F3 F4
N=156 73 37 11

Figure 3 Box and whisker plots of fibrotic score of each group
of histological fibrosis in the validation dataset. Fibrotic
score of hepatitis C (FSC) was generated by the function,
z=2.89 X In (type IV collagen 7S) (ng/mL) — 0.011 x (platelet
count) (x10°/mm®)+0.79 xIn (total bilirubin) (ng/mL)+
0.39 x In (hyaluronic acid) (ng/L) — 1.87.

Histological
diagnosis

© 2013 The Japan Society of Hepatology

drugs and estimation of histological improvement after
anti-inflammatory drugs. A histology-oriented, practical
and reliable formula is therefore required for the diag-
nosis and investigation of chronic hepatitis C.

This study was aimed to establish non-invasive evalu-
ation and calculation of liver fibrosis for patients with
chronic HCV infection. Although it was retrospectively
performed as a multicenter study of eight institutions,
judgment of histological diagnosis was independently
performed by four pathologists in the other hospital,
informed of nothing except for the patient’s age, sex and
positive HCV infection. Objective judgment of the his-
tological staging and grading in sufficient biopsy speci-
mens could be obtained.

As many as 581 patients with chronic hepatitis C were
analyzed in this study, who had been diagnosed as
having chronic hepatitis or cirrthosis by liver biopsy
performed in experienced liver units in Japan. To obtain
the most suitable equation approximating histological
fibrotic stage, multivariate analysis was performed
using two demographic parameters (age and sex) and
21 hematological and biochemical markers with or
without logarithmic transformation. They included
many kinds of fibrotic markers: o2-macroglobulin, hap-
toglobin concentration, haptoglobin typing, apolipo-
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Figure 4 Previously published fibrotic scores: (a) aspartate aminotransferase (AST)/alanine aminotransferase (ALT) ratio (AAR),®
(b) AST-to-platelet ratio index (APRI), calculated by AST / (upper limit of normal of AST) / (platelet count [x10°/L]) x 100.'
(c) FIB-4 score, calculated by age x AST [IU/L] / (platelet count [x10°/L] x ALT [IU/L]°*)."* (d) FibroTest score regression coef-
ficient was: Z =4.467 x log'® (02-macroglobulin [g/L]) — 1.357 x log'® (haptoglobin [g/L]) + 1.017 X log'® [y-glutamyltransferase
[GGTT] [IU/L]) + 0.0281 x (age [years]) + 1.737 x log™ (bilirubin [pum/L]) — 1.184 x log'® (apolipoprotein Al [g/L]) + 0.301 x (sex

[female = 0, male = 1]) — 5.54.°

protein Al, hyaluronic acid, TIMP-1, TIMP-2, pro-
collagen III peptide and type IV collagen 7S. Multiple
regression analysis finally generated a first-degree poly-
nomial function consisting of four variables: type IV
collagen 7S, platelet count, bilirubin and hyaluronic
acid. A constant numeral (-1.87) was finally adjusted in
the regression equation in order to obtain fitted figures
for fibrotic stages of F1, F2, F3 and F4. From the mag-
nitude of the standardized partial regression coefficient
of individual variable in the function, in (type IV colla-
gen 7S) demonstrated the most potent contribution
toward the prediction of liver fibrosis. Platelet count and
In (bilirubin) proved to be the second and third distinc-
tive power in the model, respectively.

The obtained figure of FSC was generated to imitate
actual “F factor” of histological staging. FSC was suffi-
ciently fitted to actual fibrotic stages with certain over-
lapping as was usually found in histological ambiguity
judged by pathologists. Because judgment of fibrosis in
chronic hepatitis often shows a transitional histological
staging, pathological examination could not always
achieve a clear-cut diagnosis discriminating F1, F2, F3 or
F4. Considering the limitation of pathological difficulty
in differentiation of the four continuous disease entities,
the obtained regression function showed satisfactory
high accuracy rates in the prediction of liver disease
severity. FSC can provide one or two decimal places (e.g.
2.4 or 2.46) and the utility of the score is possibly higher

© 2013 The Japan Society of Hepatology
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than mere histological staging of F1, F2, F3 or F4. The
reproducibility was confirmed by the remaining 276
patients’ data obtained from the other seven hospitals.
Although the validation data were collected from differ-
ent geographic area and different chronologic situation,
FSC showed similar results in prediction of histological
staging.

Fibrotic score for hepatitis C seemed a very useful
quantitative marker in evaluating severity of fibrotic
severity of hepatitis C patients without invasive proce-
dures and without any specialized ultrasonography or
magnetic resonance imaging. FSC also has an advantage
of measurement, in which old blood samples are avail-
able for retrospective assessment of varied clinical set-
tings: old sera from 20 years ago at the time of initial
liver biopsy, or paired sera before and after a long-term
anti-inflammatory therapy, for example. These kinds
of retrospective assessments of fibrotic staging will be
valuable in estimating a long-term progression of liver
disease, in evaluating efficacy of a long-term medication
or other medical intervention, or in making a political
judgment from the viewpoint of socioeconomic efficacy.

The score can be calculated for any patients with
chronic HCV infection. Although this multiple regres-
sion model dealt with appropriate logarithmic transfor-
mation for non-normal distribution parameters, the
regression analysis was based on a linear regression
model. Very slight fibrosis can be calculated as less than
1.00, which is commonly found with a slight degree of
chronic hepatitis with a tiny fibrotic change as F0. Very
severe fibrosis may be calculated as more than 4.00,
which is an imaginable and nonsense number in the
scoring system of fibrosis. FSC is, however, very useful
and valuable in real clinical setting. Estimation of sever-
ity of liver fibrosis in outpatient clinics, evaluation of
natural progression of patients’ fibrosis over 10 years,
and assessment of a long-term administration of inter-
feron in patients with chronic hepatitis C from the view-
point of fibrotic change. In this study, because certain
patients actually had a history of interferon administra-
tion, regression of liver fibrosis during and after the
treatment could be assessed when prior sera were avail-
able for serial evaluation of FSC. We can also expect the
usefulness of evaluation of carcinogenic risk after
sustained virological response, and stage progression
with alcohol intake or obesity-induced steatosis. Recent
development of new directly acting antiviral agents
require evaluation for long-term histological advantage,
for aggravation of hepatitis stage during viral and bio-
chemical breakthrough caused by HCV mutation, esti-
mation of future carcinogenic risk, and even for the best

© 2013 The Japan Society of Hepatology
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way of management of patients with chronic hepatitis
C. FSC seems one of the ideal methods of approxima-
tion for fibrotic stage of chronic hepatitis C. Repeated
measurement is quite suitable for patients with an
unestablished treatment or trial, every 1 or 2 years, for
example. Because the current regression function was
generated from the data of HCV-related chronic liver
disease, this equation would not be suitable for the
recognition of HBV-related chronic liver disease,” alco-
holic liver disease and other congenital or autoimmune
liver diseases. To recognize the latter diseases, other
studies about individual diseases must be performed.

We compared the usefulness of the FSC with that of
other fibrotic scores.**'*!* More simple and inexpensive
AAR or APRI could not well estimate fibrotic stages with
poor correlation coefficients of 0.021 and 0.462, which
were much lower than the coefficient of FSC of 0.572.
FibroTest, which contained three costly fibrotic markers
(o2-macroglobulin, haptoglobin and apolipoprotein
A1), also showed a low correlation coefficient of 0.415,
suggesting that the usefulness was limited in HCV posi-
tive Asian patients. Although FIB-4 demonstrated the
best coefficient of 0.440 among the fibrotic scores,
significant overlaps were found between neighboring
stages and obtained scores were not coordinated for
real7l histological classification. Because this study also
measured those special markers included in FibroTest,
the ability of discrimination of fibrotic stages could be
compared among the five fibrotic scoring systems.

In conclusion, FSC was a useful and reliable
biomarker for prediction of liver fibrosis in patients with
chronic HCV infection. FSC is expected to be introduced
and utilized in varied kinds of studies and trials. Its
accuracy and reproducibility require further validation
using more numbers of patients in several countries
other than Japan.
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ARTICLE INFO ABSTRACT

While inhibition of microRNA122 (miR122) function in vivo results in reduced serum cholesterol and
fatty acid levels, the molecular mechanisms underlying the link between miR122 function and lipid
metabolism remains unclear. Because the expression of SREBP1, a central transcription factor involved
in lipid metabolism, is known to be increased by suppressor of cytokine signaling 3 (SOCS3) expression,
and because we previously found that SOCS3 expression is regulated by miR122, in this study, we exam-
! ined the correlation between miR122 status and the expression levels of SOCS3 and SREBP1. SREBP1
23,2;3 expression decreased when SOCS3 expression was reduced by miR122 silencing in vitro. Conversely,
SREBP SREBP1 expression in miR122-silenced cells was restored by enforced expression of SOCS3. Such corre-
Expression regulation lations were observed in human liver tissues with different miR122 expression levels. These signaling

links may explain one of the molecular mechanisms linking inhibition of miR122 function or decreased
expression of miR122 to decreased fatty acid and cholesterol levels, in the inhibition of miR122 function,
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or in pathological status in chronic liver diseases.
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1. Introduction

MIRNA122 (miR122) is the most abundant and tissue-specific
miRNA in the liver 1], and inhibition of miR122 in vivo was shown
to greatly reduce serum cholesterol and fatty acid levels [2-6]. Re-
cently, miravirsen, a locked nucleic acid-modified DNA phosphoro-
thioate antisense oligonucleotide against miR122, was introduced
practically to reduce hepatitis C virus (HCV) RNA levels in patients
with HCV infection [7]. Although the primary purpose of the trial
was to inhibit HCV replication, lipid levels were also found to de-
crease [7]. Despite consistent results concerning miR-122-medi-
ated lipid metabolism, the underlying molecular mechanisms
remain unclear, and although the expression levels of genes asso-
ciated with lipid metabolism were affected by miR-122 inhibition,
these genes were not direct targets of miR122, as judged by se-
quence similarities.

Members of the family of sterol regulatory element-binding
proteins (SREBPs) are critical regulators of cholesterol and lipid
homeostasis. The SBEBP family belongs to the basic helix-loop-he-
lix-leucine zipper (bHLH-zipper) family of transcription factors

* Corresponding author. Address: Department of Gastroenterology, Graduate
School of Medicine, The University of Tokyo, 5-3-1 Hongo, Bunkyo-ku, Tokyo 113-
8655, Japan. Fax: +81 3 3814 0021.
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0006-291X/$ - see front matter © 2013 Elsevier Inc. All rights reserved.
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and comprises SREBP-1a, SREBP-1c, and SREBP-2. The SREBF-1
gene on chromosome 17p11.2 encodes SREBP-1a and SREBP-1c,
which are generated as alternatively spliced variants. Increased
SREBP activity causes cholesterol and fatty acid accumulation by
activating the expression of more than 30 genes dedicated to the
synthesis and uptake of cholesterol, fatty acids, triglycerides, and
phospholipids, as well as the NADPH cofactor required for synthe-
sis of these molecules [8], which increases lipid levels.

The promoter activities of SREBP1 are potently inhibited by
activated STAT3 [9]. In addition, STAT3-mediated inhibition of
SREBP1 expression was shown to be antagonized by co-expression
of the SOCS3 protein [9]. Conversely, SOCS3 inhibition in the liver
in obese mice subjected to antisense treatment was reported to
completely normalize the increased expression of SREBP1, leading
to dramatic amelioration of hyperlipidemia. These results indicate
the importance of SOCS3 in regulating SREBP expression and sub-
sequent lipid metabolism [9].

We recently reported that silencing miR122 in hepatocytes
leads to decreased SOCS3 expression accompanied by hypermethy-
lation of the SOCS3 promoter in a Dnmtl-independent manner
[10]. In this study, we first assessed the correlated expression lev-
els of SREBP1 in miR122-silenced and miR122 precursor-over-
expressing cells. In addition, SREBP1 was recovered by enforced
expression or inhibition of SOCS3 in miR122-modulated cells. We
next confirmed the correlations among miR122, SOCS3, and SREBP
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expression levels in human liver tissues in various pathological
states with different miR122 expression levels [11]. Based on these
analyses, we infer a molecular link between miR122 and lipid
metabolism in miR122 inhibition and various liver pathological
states.

2. Methods
2.1. Cells

The Huh7 and Hep3B human hepatocellular carcinoma cell lines
were obtained from the Japanese Collection of Research Biore-
sources (JCRB, Osaka, Japan). Cells were maintained in Dulbecco’s
modified Eagle’s medium (DMEM) supplemented with 10% fetal
bovine serum.

2.2. Plasmids, viral production, and transduction

A miR122 precursor-expressing plasmid with a puromycin
resistance gene (pCDH-miR122 with puro) and an H1 promoter-
driven antisense miR122 stem-loop-stem RNA-expressing
plasmid (pmiRZIP122 with puro) were constructed as described
previously [10]. For double stable Hep3B cells with miR122 precur-
sor and SOCS3 shRNA expression, a miR122 precursor with
hygromycin resistance gene (pCDH-miR122 with hygro) was con-
structed by replacement of the puromycin resistance gene with a
hygromycin resistant gene using the infusion method (Clontech,
Mountain View, CA). SOCS3 shRNA-expressing lentiviral particles
were purchased from Santa Cruz Biotechnology (Dallas, TX). An
HA-SOCS3-expressing lentiviral construct with a neomycin resis-
tance gene was constructed as described previously [10]. A pCDH
control vector (System Biosciences, Mountain View, CA) was used
as a negative control. Lentiviral particles, produced using pPACKH1
lentivector packaging plasmid mix (System Biosciences) according
to the manufacturer's recommendations, were used as a negative
control. Cells were transduced with lentiviruses using polybrene
(EMD Millipore, Billerica, MA) and were then selected using
puromycin.

2.3. Reporter plasmids, transient transfections, and luciferase assays

The reporter plasmids used for analysis of miR122 function
were constructed as described previously [12]. Plasmid transfec-
tion was performed using FuGene6 Transfection Reagent (Boehrin-
ger Mannheim, Mannheim, Germany) according to the
manufacturer's instructions. pGL4-TK, a control plasmid containing
Renilla reniformis (sea pansy) luciferase under the control of the
herpes simplex virus thymidine kinase promoter (Promega, Madi-
son, WI), was used to determine transfection efficiency. Relative
luciferase values were calculated by normalizing firefly luciferase
activity values to sea pansy luciferase activity values to account
for changes in transfection efficiency. Luciferase activity was mea-
sured using a Dual Luciferase Reporter Assay System (Promega)
with a Lumat LB9507 luminometer (EG&G Berthold, Bad Wildbad,
Germany).

2.4. Northern blotting of miRNAs

Northern blotting of miRNAs was performed as described previ-
ously [23]. Briefly, total RNA was extracted using TRIzol Reagent
(Invitrogen, Carlsbad, CA). Ten micrograms of RNA was resolved
in denaturing 15% polyacrylamide gels containing 7 M urea in 1x
TBE and then transferred to a Hybond N+ membrane (GE Health-
care, Milwaukee, WI) in 0.25x TBE. Membranes were UV-cross-
linked and prehybridized in hybridization buffer. Hybridization
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was performed overnight at 42°C in ULTRAhyb-Oligo Buffer
(Ambion, Austin, TX) containing a biotinylated probe specific for
miR122 (tgg agt gtg aca atg gtg ttt g), antisense miR122 (caa aca
cca ttg tca cac tcc a), or U6 (cac gaa ttt gecg tgt cat cct t), which
had previously been heated at 95 °C for 2 min. Membranes were
washed at 42 °C in 2x SSC containing 0.1% SDS, and the bound
probe was visualized using a BrightStar BioDetect Kit (Ambion).
A pre-stained RNA size marker for small RNA (BioDynamics Labo-
ratory, Tokyo, Japan) was used to estimate band sizes. Blots were
stripped by boiling in a solution containing 0.1% SDS and 5 mM
EDTA for 10 min prior to rehybridization.

2.5. Western blot analysis and antibodies

Western blotting was performed as described previously [12].
Anti-SREBP was purchased from Santa Cruz Biotechnology. Anti-
B-actin was acquired from Sigma-Aldrich (St. Louis, MO). An
anti-HA antibody was obtained from Roche Applied Science (Penz-
berg, Germany). Other antibodies were purchased from Cell Signal-
ing Technology (Danvers, MA).

2.6. Immunohistochemistry

Tissue arrays containing liver tissues (LV1504) were purchased
from US Biomax (Rockville, MD). Immunohistochemistry was per-
formed as described previously [23]. Briefly, after deparaffinization
of the slides, endogenous peroxidase activity was blocked with 3%
hydrogen peroxide buffer. Antigen retrieval was achieved by incu-
bating the slides at 89 °C in 10 mM sodium citrate buffer (pH 6.0)
for 30 min. To minimize nonspecific background staining, slides
were blocked in 5% normal goat serum (Dako, Glostrup, Denmark).
Tissues were labeled overnight at 4 °C with primary antibodies
raised against SOCS3 or SREBP1. Slides were then incubated with
an anti-mouse horseradish peroxidase-conjugated secondary anti-
body (Nichirei Bioscience, Tokyo, Japan) for 1 h. Bound antibody
was visualized by incubation in 3,3’-diaminobenzidine (Nichirei
Bioscience) for 5 min. The slides were counterstained with hema-
toxylin, dehydrated with ethanol, and mounted using Clarion
mounting medium (Biomeda, Foster City, CA).

2.7. In situ hybridization to assess miR122

Locked nucleic acid (LNA)-scramble (negative control), LNA-
anti-U6 (positive control), and LNA-anti-miR122 probes were ob-
tained from EXIQON (Vedbak, Denmark). The expression of
miR122 in liver tissues was examined by in situ hybridization as
described previously [12]. Briefly, after deparaffinization, tissue
sections were treated with 10 pg/ml proteinase K for 5 min at
37 °C, refixed with 4% paraformaldehyde, and acetylated with
0.25% anhydrous acetic acid in 0.1 M Tris-HClI buffer (pH 8.0). Fol-
lowing prehybridization for 30 min at 48 °C, hybridization was
performed overnight with each LNA probe (20 nM) in hybridiza-
tion buffer (5x SSC buffer, 50% formamide, 500 pg/ml tRNA,
50 pg/ml Cot-1 DNA). After the completion of hybridization, the
sections were washed with 0.1x SSC buffer for 10 min at 52 °C
three times and blocked with DIG blocking buffer (Roche Diagnos-
tics, Basel, Switzerland) for 30 min. Sections were then probed
with anti-DIG (1:500; Roche Diagnostics) for 1 h at room temper-
ature. Detection was performed by incubation in NBT/BCIP buffer
(Promega) overnight. Nuclei were stained with Nuclear Fast Red
(Sigma-Aldrich).

2.8. Histological scoring

Tissue staining was scored as described previously [23]. Briefly,
staining intensity was semiquantitatively categorized into the
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Fig. 1. Establishing of miR122-overexpressing and miR122-silenced cell lines. A, B,
Northern blotting against miR122 and miR122 antisense oligonucleotides in Hep3B
cells (A) and Huh?7 cells (B). U6 levels were used as a loading control. Representative
images from three independent experiments are shown. C, D, Luciferase expression
from the reporter construct containing two tandem miR122 responsive elements in
its 3'UTR, which are targeted by miR122, were examined. The suppressive effects of
stably miR122 precursor-overexpressing Hep3B cells (C) and silencing effects on
endogenous miR122 function in stably miR122 antisense-expressing Huh7 cells (D)
are shown. Test values were normalized to those obtained from the cells transduced
with a miRNA precursor-non-expressing negative control, which were set to 1 (nc).
Data represent the mean * standard deviations (SD) of three independent
experiments.

following four categories by two independent investigators: —, no
staining; +, weak staining; ++, moderate staining; and +++, intense
staining. The color scale reflects staining intensity from green (no
staining) to pink (intense staining).

2.9. Statistical analysis

Statistically significant differences between groups were deter-
mined using Student’s t-test. P-values less than 0.05 were consid-
ered statistically significant.

3. Results
3.1. Establishment of miR122-overexpressing and -silenced cell lines

To determine the function of miR122, we modulated miR122
expression levels and function in liver cell lines by overexpressing
an miR122 precursor construct or antisense sequences, respec-
tively, against miR122, as previously reported [10,12]. Because
Hep3B cells have relatively low miR122 expression and Huh7 cells
have relatively high miR122 expression [13], we constructed
miR122-overexpressing Hep3B cells and miR122-silenced Huh7
cells to examine the effects of modulating miR122. Overexpression
of the miR122 precursor construct in Hep3B cells was confirmed by
Northern blotting against miR122 sequences (Fig. 1A). Expression
of the antisense construct against miR122 in Huh7 cells in North-
ern blotting appeared to be lower when using a probe to detect
antisense miR122 (Fig. 1B). In these cells, miR122 levels were also
lower, although miR122 was highly expressed in control Huh7
cells (Fig. 1B), suggesting that introduction of the antisense con-
struct against miR122 may result not only in sequestration of
endogenous miR122 by binding but also degradation of endoge-

nous miR122 after formation of double-stranded RNA composed
of sense and antisense miR122.

Next, we confirmed the changes in miR122 function using a
luciferase reporter targeted by miR122. As predicted, in miR122-
overexpressing Hep3B cells, luciferase activity decreased by more
than half due to the ectopic miR122 expression (Fig. 1C). In con-
trast, in miR122-silenced Huh7 cells, luciferase activity increased
about three times compared to control cells (Fig. 1D). These results
suggest that modulation of miR122 by overexpressing exogenous
constructs targeting miR122 was efficient.

3.2. SOCS3 and SREBP1 expression is decreased by miR122 silencing

Because we previously reported that miR122 silencing in-
creased methylation in the promoter region of the SOCS3 gene
and decreased its expression [10], we confirmed the expression
levels of SOCS3 in miR122-overexpressing Hep3B cells and
miR122-silenced Huh7 cells. Consistent with previous reports
[10], SOCS3 expression increased and was downregulated in
miR122-overexpressing Hep3B cells and miR122-silenced Huh7
cells, respectively (Fig. 2A and B). SOCS3 is a potent inhibitor of
STAT3 activation [14]. Thus, we examined the phosphorylation sta-
tus of STAT3. While total STAT3 expression levels remained un-
changed, STAT3 phosphorylation decreased in miR122-
overexpressing Hep3B cells and was higher in miR122-silenced
Huh7 cells (Fig. 2A and B), suggesting that miR122 overexpression
results in decreased STAT3 activation and that miR122 silencing
has the opposite effect. Because a previous report revealed that
STAT3 inhibits the promoter activity of SREBP1, a key regulator
of fatty acid synthesis in the liver, we next examined the
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Fig. 2. SREBP1 expression is regulated by SOCS3. (A and B) SOCS3, SREBP1, and
STAT3 protein expression levels and phosphorylation levels of STAT3 were
determined by western blotting. Representative results from three independent
experiments using Hep3B cells (A) and miR122-silenced Huh7 cells (B) are shown.
(C) The effects of SOCS3 knockdown on SREBP expression in miR122 overexpressing
Hep3B cell were stably transduced with SOCS3 shRNA. Representative results from
three independent experiments are shown. (D) The effects of SOCS3 overexpression
on SREBP expression in miR122-silenced Huh7 cells. Indicated protein expression
levels were determined after miR122-silenced Huh7 cells were stably transduced
with HA-SOCS3 expressing lentiviruses. HA-SOCS3 was visualized using anti-SOCS3
(the upper panel) and anti-HA (the second panel). Representative results from three
independent experiments are shown.
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expression levels of SREBP1 in miR122-modulated cells. The
expression of SREBP1 was found to increase in miR122-over-
expressing Hep3B cells and decrease in miR122-silenced Huh7
cells (Fig. 2A and B).

To confirm the role of OSCS3 in SREBP1 expression, we deter-
mined the effects of knockdown of SOCS3 expression in miR122-
overexpresing Hep3B cells and enforced the expression of SOCS3
in miR122-silenced Huh7 cells (Fig. 2C and D). Knockdown of
SOCS3 in miR122-overexpressing Hep3B cells reduced SREBP1
expression and enforced the expression of SOCS3 in miR122-si-
lenced Huh7 cells increased SREBP1 expression (Fig. 2C and D).
These results suggest that miR122 upregulates SOCS3 expression,
resulting in the inhibition of STAT3 activation and subsequent
upregulation of SREBP1 expression, and that inhibition of miR122
has the opposite effect.

3.3. Correlation of mIR122, SOCS3, and SREBP1 expression levels in
human liver tissues

To confirm the above results in human clinical liver tissues, we
examined 50 human liver tissues for the expression levels of

A

Case 1

miR122, SOCS3, and SREBP1 by in situ hybridization and immuno-
histochemistry (Fig. 3A and B). The expression levels of miR122
varied in liver tissues under various conditions (Fig. 3). When the
expression levels of miR122 were reduced, the expression levels
of SOCS3 and SREBP1 also decreased in more than 70% of cases
(Fig. 3C). As previously reported {11,15], the expression levels of
miR122 tended to decrease in liver cirrhosis, and SOCS3 and
SREBP1 levels typically also decreased under such pathological
conditions (Fig. 3C and Supplementary Table 1). These results
may explain, at least in part, the decreased fatty acid and choles-
terol synthesis observed clinically in the cirrhotic liver.

4. Discussion

In this study, we demonstrated that silencing miR122 function
in liver cells resulted in decreased expression of SOCS3, and subse-
quently, decreased the expression of SREBP1. Because SREBP1
plays a key role in regulating fatty acid and cholesterol synthesis,
reduced expression of miR122, which is frequently observed clini-
cally in various chronic liver diseases [11,15], may be a cause of the
decreased fatty acid and cholesterol synthesis in such pathological

C Expression levels

Low PR ——— High

Case 2

miR122 SOCS3 SREBP1

miR122

Fig. 3. Correlation of miR122, SOCS3, and SREBP expression levels in human liver tissues. (A and B), Representative liver tissues from four cases with correlated low (A) and
high (B) expression levels of miR122, SOCS3, and SREBP. MiR122 was visualized by in situ hybridization (blue) and nuclei were stained with Nuclear Red (pink). SOCS3 and
SREBP1 were stained by immunohistochemistry (brown). Bars, 500 pm. Hematoxylin and eosin (H&E)-stained tissues from each case are also shown as references. (C)
Summarized expression levels of miR122, SOCS3, and SREBP1 in liver tissues from 50 cases. The color reflects the expression level of each parameter examined. Green denotes
the lowest expression level and pink the highest, as the color scale bar at the top indicates. In 37 cases (indicated by black bars to the right), the differences between the
expression scores of the three parameters are within one point on the color scale. %, Case 1 (A); #x, Case 2 (A); »#x, Case 3 (B); ##=%, Case 4 (B). (For interpretation of the
references to color in this figure legend, the reader is referred to the web version of this article.)
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states. In addition, silencing miR122 function decreases cholesterol
and fatty acid levels [2-7]. While miR122 does not directly target
known fatty acid-related molecules based on sequence similarities,
the results of this study may explain the molecular mechanism
linking miR122 silencing to decreased fatty acid and cholesterol
levels.

We previously reported that silencing miR122 leads to de-
creased SOCS3 expression levels and increased SOCS3 promoter
methylation in a Dnmt1-independent manner [10]. Such correla-
tions in human clinical tissues were confirmed in most cases in this
study. However, some cases did not show such a correlation, per-
haps because while SOCS3 expression is mainly regulated by meth-
ylation of its promoter [16,17], such modifications are probably not
mediated solely by miR122. Nonetheless, the decrease in SOCS3
expression that frequently accompanies decreased miR122 expres-
sion in chronic liver pathological states suggests that the SOCS3
expression in hepatocytes is largely regulated by miR122 expres-
sion or function.

The expression of SREBP1 is negatively regulated by activated
STAT3, which inhibits SREBP1 promoter activities [9]. Decreased
SREBP1 expression caused by increased STAT3 activity, which
was itself due to decreased SOCS3 expression, was observed in
miR122-silenced Huh7 cells and in liver tissues with decreased
miR122 expression. Because miR122 expression levels tend to de-
crease as the pathological status of the liver progresses from
chronic hepatitis to liver cirrhosis [11,15], observing a decreased
synthesis of fatty acid and cholesterol in progressed chronic liver
diseases such as liver cirrhosis may be reasonable.

One complex liver pathological situation from this point of view
is obese subjects with fatty liver and insulin resistance. In these
subjects, persistently elevated cytokine levels may have downreg-
ulated STAT3-mediated signaling by increasing SOCS3 protein lev-
els in the liver [18]. Increased SOCS3 protein levels may in turn
increase fatty acid synthesis by upregulating SREBP1 expression,
presumably through suppression of STAT3 activation [18]. Over-
production of fatty acids and lipotoxicity result in further insulin
resistance [19]. However, as these pathological conditions persist,
liver cirrhosis gradually becomes apparent and fatty acid synthesis
decreases. At this stage, miR122 expression in the liver becomes
low [11]. Thus, in these cases, the effects of decreased miR122
expression may become apparent for the first time at the later
stages of disease progression, which may be one of the reasons
why not all cases showed an exact correlation between miR122
expression and SREBP levels in clinical samples.

Recently, miravirsen, an anti-miR122 oligonucleotide, was suc-
cessfully applied as a novel therapeutic against HCV [7]. Although
the main purpose of applying antisense miR122 in vivo is at pres-
ent to inhibit HCV replication, decreased fatty acid and cholesterol
levels were also reported [7]. In several in vivo experiments, anti-
sense miR122 reduced serum lipid levels [3-5]. In addition, mice
with a miR122 gene deletion in the liver showed reduced fatty acid
and cholesterol levels [2,20], despite SREBP1 not being a direct tar-
get of miR122. The molecular pathway reported here may explain
the reduced lipid levels observed in miR122 inhibition or gene
deletion. Moreover, from these results, inhibiting miR122 may be
a promising approach to controlling serum lipid levels, although
the long-term inhibition of miR122 must be confirmed to be safe
with no unfavorable consequences because miRNAs have pleiotro-
pic effects [21,22].
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Aim: Spontaneous clearance of serum hepatitis C virus (HCV)
RNA in chronic HCV carriers is assumed to be rare especially
after development of hepatocellular carcinoma (HCC). We
analyzed patients with chronic hepatitis C who spontaneously
resolved serum HCV RNA after the treatment for HCC.

Methods: A database search was performed to identify
patients with HCC in whom serum HCV RNA was positive
before the treatment for HCC and became negative during the
clinical course. Those who received interferon therapy were
excluded.

Results: A total of 1145 patients with HCC who had not
received interferon therapy were positive for HCV RNA
before the treatment. Among them, five patients (M/F = 4/1)
spontaneously resolved viremia during the clinical course,
with the incidence rate of at least 0.11%/person-year (95%
confidence interval: 0.05%-0.26%). The mean age at the time

of negative test for HCV RNA was 77 (range: 52-84). Three
and two were infected with HCV genotype 1 and 2, respec-
tively. The mean initial viral load was 9.0 K 1U/mL (range: 1.6~
31.6). The alanine aminotransferase level decreased to
within the normal range in all patients after the clearance of
serum HCV RNA. Fibrosis grade of background liver, evalu-
ated according to METAVIR classification, was F1 in 1, F2
in 1, F4 in 2, and unknown in 1. All patients survived more
than 7 years after the initial treatment for HCC.

Conclusion: Spontaneous clearance of serum HCV RNA
after HCC development possibly occurs even in elderly
patients. The prognosis was good probably due to improved
inflammation in the liver.

Key words: hepatitis C, hepatocellular carcinoma,
spontaneous clearance

INTRODUCTION

EPATITIS C VIRUS (HCV) infection is widely
prevalent, affecting more than 170 million people
worldwide. Whereas approximately 15-30% of patients
successfully clear acute HCV infection,’ HCV infection
persists in the remaining patients, leading to chronic

liver disease including liver cirrhosis and hepatocellular

carcinoma (HCC).> The spontaneous clearance of
serum HCV RNA is thought to be rare in patients
after establishment of chronic infection. Most articles
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about spontaneous clearance have reported the associa-
tion with significant clinical events such as termination
of immunosuppressive therapy,® onset of hepatitis B
virus superinfection,** gastrectomy,” or parturition.?’
However, the spontaneous clearance of serum HCV
RNA during the course of treatment for HCC has not
been reported or examined sufficiently. In the present
study, we analyzed patients with chronic hepatitis C
who spontaneously resolved serum HCV RNA after the
initiation of treatment for HCC.

"METHODS

Patients

ETWEEN JANUARY 1992 and December 2010, a
total of 2407 patients with positive anti-HCV anti-
body were diagnosed as having initial or recurrent HCC

- 238 -



