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Fibrosis score consisting of four serum markers
successfully predicts pathological fibrotic stages of chronic

hepatitis B
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Aim: In order to evaluate and judge a fibrotic stage of
patients with chronic hepatitis B, multivariaie regression
analysis was performed using multiple fibrosis markers.

Method: Atotal of 227 patients from seven hepatology units
and institutes were diagnosed by needle biopsy as having
chronic liver disease caused by hepatitis B virus. Twenty-three
variables and their natural logarithmic transformation were
employed in the multivariate analysis. Multiple regression
function was generated from data of 158 patients in one hos-
pital, and validation was performed using the other data of 69
patients from six other hospitals.

Results: After stepwise variable selection, multivariate
regression analysis finally obtained the following function:
z=1.40xIn (type IV collagen 75) {ng/mL) — 0.017 x (platelet
count) (x1000%mm®) +1.24 x In (tissue inhibitor of matrix
metalloproteinase-2) (ng/mL) + 1.19 xn (o-2-macroglobulin)

{mgldL) —9.15. Median values of fibrosis scores of Fi
{n=73), F2 (n=42), F3 {n=31) and F4 stages {n =12} were
calculated as 0.95, 2.07, 2.98 and 3.63, respectively. Multiple
regression coefficient and coefficient of determination were
0.646 and 0.418, respectively. Validation with patient data
from other institutions demonstrated good reproducibility of
fibrosis score for hepatitis B (FSB), showing 1.33 in F1
{n=27), 220 in F2 {n = 20), 3.11 in F3 {n = 20} and 5.30 in F4
{n = 2), respectively.

Conclusion: A concise multiple regression function using
four laboratory parameters successfully predicted pathologi-
cal fibrosis stage of patients with hepatitis B virus infection.

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

INTRODUCTION

HEN HEPATITIS B virus (HBV)-related chronic
liver disease is found by biochemical and viro-
logical examination, liver biopsy can establish the
definitive diagnosis of chronic hepatitis and its fibrotic
staging. Although these pathological procedures are reli-
able and informative both in diagnosis and treatment,
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they sometimes require medical invasion and financial
costs, including the risk of bleeding from needle punc-
ture, some pain experienced during the procedure and
hospital stays of a few days. The pathological examina-
tion is, therefore, rarely performed repeatedly in a short
period of time, unless disease activity is severe or pro-
gression of liver disease is highly suspected. Recently,
many authors described the usefulness of ultrasono-
graphic elastography and multiple resonance imaging
technology in the estimation of staging of chronic hepa-
titis and cirrhosis.”” These ways of estimation using
the imaging apparatuses seem truly useful for current
patients, but they cannot evaluate and compare with
past fibrotic states of patients retrospectively. Moreover,
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the same apparatus for elastometry will not be available
for repeated measurement for a follow-up examination,
for example, several years later.

In spite of the accuracy of biopsy and convenience of
elastography in chronic liver disease, clinical diagnosis
based on biochemistry and hematology is still indis-
pensable for the daily practice of many patients with
HBV-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 B
were correctly dassified as having mild hepatitis and
severe hepatitis with advanced fibrosis.>*** Up to the
present time, however, the usefulness of the discrimi-
nant functions are less valuable for a few reasons. First,
these functions were made for the purpose of discrimi-
nation of severe hepatic fibrosis from mild fibrosis, and
four histological classifications {F1-F4) were neglected
in almost of the studies. Second, some studies analyzed
both hepatitis B and hepatitis C virus 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, pro-
collagen IIT peptide)'*S were not always included in
those previous studies.

We tried to generate a function estimating fibrotic
stages of HBV-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 fibrosis markers.

METHODS

Patients

TOTAL OF 273 Japanese patients with chronic
hepatitis B were recruited for the study from seven
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, MD), Shishu University Hospital {E.
Tanaka, M.D.), Showa University Hospital (M. Imawari,
M.D.) and Osaka University Hospital (T. Takehara,
M.D.). Inclusion criteria for this study were: (i) positive
hepatitis B surface antigen for more than 6 months;
(ii) persistent or intermittent elevation in aspartate
aminotransferase (AST)/alanine aminotransferase (ALT)
levels; and (iii) liver biopsy showing chronic hepatitis

Fibrosis score of hepatitis B 597

(F1-F4). We excluded those patients with overt alco-
holic liver disease or fatty liver, association of other
types of liver disease {e.g. hepatitis C, primary biliary
cirthosis, autoimmune hepatitis), or those associated
with hepatocellular carcinoma or other malignancy.
Among the patients, 244 patients fulfilled the condi-
tions for the study: complete demographic data, basic
laboratory data of hematology and Dbiochemistry,
required liver biopsy specimens, and sufficient amount
of frozen sera. Also, we excluded additional 17 patients
with eventual histological diagnosis as FO stage.

Finally, a total of 227 patients who were diagnosed
as having chronic hepatitis or cirthosis (F1-F4) were
analyzed for the following hematological, biochemical
and histopathological examination. There were 172
males and 55 females aged 16-~70years (median,
39 years). :

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

Hematological and biochemical examination

Hematological and standard biochemical evaluation
had been performed in each medical institution: white
blood cells, red blood cells, hemoglobin, platelets, total
bilirubin, AST, ALT, AST/ALT ratio (AAR), y-glutamyl
transpeptidase (y-GIP), total protein, albumin and
v-globulin. _

Special biochemical examinations including “fibrosis
markers” were carried out using stored frozen sera at
-20°C or lower: o-2-macroglobulin, haptoglobin
concentration, haptoglobin typing, apolipoprotein Al,
hyaluronic acid, tissue inhibitor of matrix metallopro-
teinase (TIMP}-1, TIMP-2, procoliagen III peptide and
type IV collagen 78.

Histological diagnosis of chronic hepatitis
and cirrhosis

All the 227 cases fulfilled required standards of histo-
logical evaluation: suffident length of specimen,
hematoxylin-eosin staining, and at least one specimen
with fiber staining. Four independent pathologists
(Y. T, J. F, F. X and T. E.), who were not informed of
patients’ background and laboratory features except for
age and sex, evaluated the 227 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 the objective and
reproducible judgment of pathological diagnosis of

® 2012 The Japan Society of Hepatology



598 K. Tkeda et al.

hepatitis. They made a panel about obvious criteria
using typical microscopic pictures for each stage, and it

“was always referred to during the procedure of patho-
logical judgment. When inconsistent results were found
in the diagnosis of hepatitis stage among the patholo-
gists, the final judgment accepted majority rule among
them.

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 y-test.

The normality of the distribution of the data was
evaluated by a Kolmogorov-Smimov one-sample test.
Because certain variables partly did not conform to a
normal distribution, natural logarithmic transformation
of bilirubin, AST, ALT, -GTP, o-2-macroglobulin,
hyaluronic acid, type IV collagen 7S and TIMP-2 were
also analyzed in the following calculation. The natural
logarithmic 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
inflation factors. Of the highly correlated variables, less
~ significant factors were removed from the viewpoint of

‘multicollinearity. :

Multivariate regression analysis was performed using
158 patient data from Toranomon Hospital (training
dataset) to generate a 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 were also taken into account in the selection
of variables. Next, we validated the obtained predictive
function using the remaining 69 patient data from the
other six 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 ver. 19,8

For evaluation of the efficiency and usefulness of -

obtained function for fibrosis estimation, we compared
various fibrosis scores for hepatitis B and C, including
AAR'® AST-to-platelet ratio index (APRI),* FIB-4*
FibroTest*® and discrimination function of cirrhosis
from hepatitis in Japanese patients.”

© 2012 The Japan Society of Hepatology
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RESULTS

Pathological diagnosis

OUR PATHOLOGISTS INDEPENDENTLY judged
the fibrotic stages and inflammatory activity for 227
specimens of chronic hepatitis/cirrhosis caused by HBV.
One hundred patients (44.1%) had a fibrosis stage of
F1, 62 (27.3%) F2, 51 (22.5%) F3 and 14 (6.2%) F4.In
the subgroup of the 158 patients in the training group,
judgment as F1 was made in 73 cases, F2 in 42, F3in 31
and F4 in 12. Of the 69 patients in the validation group,
judgment as F1 was made in 27, F2 in 20, F3 in 20 and
F4 in two.
According to hepatitis activity classification, A0 was
found in five {2.2%), Al in 100 (44.1%), A2 in 107
(47.1%) and A3 in 15 (6.6%).

Laboratory data of each hepatitis stage in
the training group

There were 124 men and 34 women with a median age
of 39 years ranged 16-70 years. Laboratory data of 158
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-F4 stages: platelet count,
y-globulin, 0-2-macroglobulin, haptoglobin, hyaluronic
acid, TIMP-2 and type IV collagen 78S.

- Significant variables serving staging

of hepatitis

" Univariate analyses using trend analysis with the

Cochran-Amitage method showed that the fibrotic
stage of chronic hepatitis B (FSB) was significantly
correlated with platelet count (Spearman: r=-0.45,
P<0.001), yGIP (r=0.19, P=0.017), vy-globulin
(r=0.29, P<0.001), o-2-macroglobulin (r=0.32,
P<0.001), hyaluronic acid (r=0.36, P<0.001},
TIMP-2 (r=0.16, P=0.043), procollagen III peptide
(r=0.30, P<0.001) and type IV collagen 7S (r=0.55,
P <0.001).

Regression function generated from training
patient group

After stepwise variable selection, multivariate regression
analysis finally obtained the following function:
z=1.40xIn (type IV collagen 7S) (ng/mL}—0.017 x
(platelet count} (x1000°/mm?)+1.24xIn (TIMP-2)
(ng/mL) + 1.19xIn (a-2:macroglobulin) (mg/dL) ~
9.15. Median values of the fibrosis score of F1.(n=73),
F2 (n=42), F3 (n=31) and F4 stages (n=12) were
calculated as 0.95, 2.07, 2.98 and 3.63, respectively -
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Table 1 Demography and laboratory data of 158 patients in training group

Fibrosis score of hepatitis B 599

F1 (n=73) F2 (n=42) F3 (n=31) B4 (n=12)
Demographics
Men : women 58:15 33:9 23:8 10:2°
Age (median, range) 36 (16-70}) 39.5 (18-66) 39 (25-64) 43 (32-59)
Laboratory data {median, range)

~ 'WBC (x1000/mm?) 5.4 (2.5-10.6) 5.1 (2.4-8.7) 4.9 (3.0-8.7) 4.1(3.7-6.6)
Hemoglobin (g/dL) 15.3 (10.3-18.8) 15.4 (12.5-17.9) 15.2 (11.5-17.2) 14.45 (12.1-18.2)
Platelet (x1000/mm?) 204 {124-341) 173 (82-308) 155 (96-220) 130 (86-230)
Albumin (g/dL) 4.1 (3.2-4.9) 4.0 (3.2-5.1) 4.0(3.3-4.9) 3.95 (3.4-4.6)
Bilirubin (mg/dL) 0.8 (0.2-1.7) 0.8 (0.3-2.3) 0.9 (0.4-5.4) 0.85 (0.6-2.3)
AST (1U/L) 48 (16-450) 55 (17-588) 54 (17-1446) 76.5 (27-396)
ALT (IU/L) 102 (10-839) 90 (12-886) 85 (19-2148) 89 (18-809)
¥-GTP (IU/L) 37 (7-247) 55 (8-687) 44 (14-564) 69 (33-262)
¥-Globulin (g/dL) 1.29.(0.78-2.11) 1.495 {0.62-3.20) 1.43 {0.90-2.30) 1.735 (0.92-2.47)
Y¥-Globulin (%) 17.3 (10.8-26.1) 19.3 (8.5-35.6) 19.9 (12.9-28.6) 22.55 (13.9-30.2)
a-2-Macroglobulin (mg/dL) 226 (116-446) 276 (148-495) 261 (202-565) 286.5 (166-425)
Haptoglobin (mg/dL) 77 (<5-318) 59 (<5-238) 61 (<5-151) 48.5 (<5-145)"
Apolipoprotein A- {mg/dL) 134 (89-212) -143 (78-250) 133 (87-189) 125 (73-169)

" Hyaluronic acid (ug/L) 16, (<5-130) 32.5 (<5-204) 38 (<5-418) 49 (24-335)
TIMP-1 (ng/mL) 168 (93-271) 1172 (116-314) 157 (119-365) 192 (145-365)
TIMP-2 (ng/mL) 80 (41-135) 80.5 (35-121) 92 (38-251) 85.5 {70~123)
Procollagen III peptide (U/mL) 0.75 (0.53-1.90) 0.835 (0.45-1.20) 0.89 (0.58-2.50) 1.05 (0.71-2.20)
Type IV collagen 7§ (ng/ml) 4.0 (2.7-7.7) 4.6 (2.6-9.6) 5.6 {2.3-15.0) 7.2 (4.2-14.0)

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

metalloproteinase; WBC, white blood cells.

(Fig. 1). The multiple regression coefficient and coeffi-
cient of determination were 0.646 (P<0.001) and
0.418 {P < 0.001), respectively.

Because the generated regression function was
obtained by multivariate analysis with stepwise variable
selection, several variables were removed from the func-
tion due to multicollinearity among them. Mutual cor-
relation among the fibrosis predictors are shown in
Table 2. '

A 28-year-old man of F1 fibrotic stage (Fig. 2a) had a
serum type IV collagen concentration of 4.4 ng/ml,
platelet 221 x 10° count/mm? TIMP-2 75 ng/mL and
o-2-macroglobulin 226 mg/dL. The regression function
provided a fibrosis score of 0.99. Another man aged
46 years had F3 fibrosis on histological examination
(Fig. 2b). His type IV collagen was 5.3 ng/mlL, platelet
137 x10° count/mm®, TIMP-2 92ng/mL and o-2-
macroglobulin 255, and the regression function calcu-
lated his fibrosis score as 3.10.

Validation of discriminant function

Validation data of 69 patients (Table 3} were collected
from the other six institutions in Japan. When applying

Fibrosis score of
hepatitis B

5 ......._....-.---.--—..._.-_V..‘..-~.»»..-..-'-.v»_...-.--....‘ ..........

F1 F2 F3

Histological
N=73 - 42 31

diagnosis
Figure 1 Box and whisker plots of fibrotic score of each histo-
logical fibrosis group in the training dataset. The fibrosis score
of hepatitis B was generated by the function, z= 1.40 x In (type
IV collagen 7S) {ng/mL) - 0.017 x {platelet count) (x1000%/
mm®)+1.24xIn (tissue inhibitor of matrix metallo-
proteinase-2) (ng/mL) + 1.19 x In (0o-2-macroglobulin) (mg/
dL) - 9.15.

© 2012 The Japan Society of Hepatology
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s g TR g :-8: the regression function for the valid.at‘io.n set, the fibrosis
css o S o score demornstrated good reproducibility, showing 1.33
RO I A in patients with chronic hepatitis of F1 (n=27), 2.20 of
Slize o 2 2 3 ' F2 (n=20), 3.11 of F3 (n=20) and 5.30 of F4 (n=2),
Elede © = =« 2 respectively (Fig. 3). Although F4 fibrosis stage consisted
£l°°7 2 = = -~ of only two patients and the score 5.30 was regarded as
Sog -~ o of rather higher value, the scores of other stages of fibro-
1888 g § sis were concordant with histological fibrosis.
5907 SV : . ,
Slean & o Comparisons of efficacy with various
SI5TE 3 8 8 fibrosis scores (Fig. 4)
E (c? 33 & 35 3 In order to evaluate the efficacy and usefulness of the
obtained FSB, we compared it with previously reported
sz @ = fibrosis scores using training data. AAR, APRI and
o222 S FibroTest showed only slight correlation with actual his-
ol IR tological stage. FIB-4 demonstrated an increasing trend
Elma o o oo of the score associated with histological fibrosis, but
33T 5 8 significant overlapping scores were found in F1-F4.
L=17°° <2 - Spearman’s correlation coefficients of AAR, APRI, FIB-4
2 ey and FibroTest were 0.199 (P = 0.012), 0.265 (P= 0.001),
g w888 0.412 (P<0.001) and 0.330 (P <0.001), respectively.
Y %’ VIRV Our FSB showed a Spearman'’s correlation coefficient of
g ERRSASAS) 0.625 (P < 0.001), and was a much higher value than the
5 2132z 8 others. The dichotomous discrimination function for
E T; 2{ A cirthosis and hepatitis C in Japanese patients® showed
=17 good differentiation also in patients with hepatitis B
3 = virus.
|2z
3|% 88
gl ? ’T? DISCUSSION
BlElss ECOGNITION OF SEVERITY of chronic hepatitis is
% ‘g § § § essential in managing patients with chronic HBV
Al 5o o - infection: estimation of length of infection, existence of
e any previous hepatitis activity, presumption of current
é - @ fibrotic stage, and prediction of future fibrosis progres-
5|3 ) sion and hepatocarcinogenesis. Differential diagnosis of
§ f% & 2 cirrhosis from chronic hepatitis is especially important
Bl &l T o § in the evaluation of chronic HBV infection. Identifica-
E|E ~ S 2 tion of liver cirrhosis often leads to an important change
§ 5% = in management of the patient: need for fiberscopic
5?; © g examination for esophageal varices, ultrasonographic
5 T% § X exploration for the association of liver cancer, and pre-
g =] - ‘é dicﬁon of hepatic decompensation. Guidelines pub-
§ = 5 lished by the American Association of Study of Liver
g ~ = = 7 ~|5 Disease® recommend liver biopsy for HBV carriers with
k= g - = TE‘] & % ) aminotransferase elevation or for any candidates of anti-
E N & g o?o g % E|E viral therapy, because hepatic fibrosis sometimes shows
83 X E § - g ~ _-g T |8 unexpectedly far advancement to cirthosis, and because
o 824 %—‘E\ % g % 8 %% E it is very difficult to evaluate 'and tlzansiate the liver
= g @9 BEEESSBEE|S function tests or ultrasonographic findings compared to
& mLi8 & & &8 =|E chronic hepatitis type C.
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Table 3 Demography and laboratory data of 69 patients in training group

Fibrosis score of hepatitis B 601

F1 (n=27) F2 (n=20) F3 (n=20) F4 (n=2)
Demographics
Men : women 18:9 15:5 13:7 2:0
Age (median, range) 36 (13-64) 45 (14-64) 36.5 (24—59) 32 (25-39)
Laboratory data (median, range)
WBG (x1000/mm?) 5.0 {2.8-8.7) 5.8 (2.8-11.6) 5.3 (3.2-8.1) 3.85 (2.7-5.0)

Hemoglobin {(g/dL)

14.8 (12.4-17.4)

15.0 (12.4-16.9)

Platelet (x1000/mm?*) 204 (86-322) 180 (90-275)
Albumin {g/dL) 4.4 (2.8-5.2) 4.2 (3.5-5.1)
Bilirubin {mg/dL) 0.9 (0.4-6.4) 0.8 (0.2-1.6)
AST (IU/L) 52 (17-575) 50.5 (21-272)
ALT (IU/L) 84 (16-1101) 101.5 (19-554)
¥-GTP (IU/L) 42 (14-332) 54 (16-205)
v-Globulin (g/dL) 1.30 (1.04-1.59) 1.35 (1.18-2.53)

y-Globulin (%)

o-2-Macroglobulin {mg/dL)

17.9 (14.3-22.1)
287 (160-687)

Haptoglobin (mg/dL) 58 (<5-229)
Apolipoprotein A-I (mg/dL) 146 (95-216)
Hyaluronic acid (pg/L) 27 (<5-113)
TIMP-1 (ng/mL) 168.5 (83-302)
TIMP-2 (ng/mL) 76 (25-143)

* Procollagen III peptide (U/mlL) 0.71 (0.27-2.20)
Type IV collagen 7S (ng/ml) 3.6 (2.7-17.0)

19.6 (15.5-30.8)
270 (89-452)
74 (<5-154)
137 (87-162)
36 (10-1050)
176 (127-408)
86.5 (28-154)
0.88 (0.63-2.80)
5.25 (3.3-13.0)

14.4 (11.1-16.4)
147 (90-276)
4.3 (3.4-4.9)

0.75 (0.4-1.7)

65 (22-284)

86.5 (16-1113)

52.5 (13-191)
1.62 (1.16-1.97)

22.0 (16.5-24.6)

272.5 (211-463)

56.5 (<5-198)

120 (88-170)
59 (14-439)
182 (104-303)
77.5 (32-141)
0.995 (0.60-2.10)
5.7 (3.0-16.0)

14.4 (12.5-16.3)
130 (67-183)
4.45 (4.0-4.9)
115 (1.1-1.2)
248.5 (51-446)
453.5 (74-833)
193 (57-329)
1.545 (1.51-1.58)
20.15 (19.3-21.0)
389 (313-465)
<5 (<5-<5)
100.5 (74-127)
331{225-437)
390.5 (283-498)
100.5 (91-110)
1.75 {1.50-2.00)
15.5 (15.0-16.0)

ALT, alanine aminotransferase; AST, aspartate aminotransferase; Y-GTP, yglutamyl transpeptidase; TIMP, tissue inhibitor of matrix

metalloproteinase; WBC, white blood cells.

Recently, non-invasive estimation of severity of liver
fibrosis has been reported in patients with HBV-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 discrimination functions were insufficient to rec-
ognize the stepwise progression of viral hepatitis from
F1-F4. This dichotomy (mild or severe) of chronic
hepatitis B seemed less valuable in the study of disease
progression, disease control abilities of antiviral drugs
and estimation of histological improvement after anti-
inflammatory drugs. A histology-oriented, practical and
reliable formula is therefore required for the diagnosis
and investigation of chronic hepatitis B.

This study aimed to establish non-invasive evaluation
and calculation of liver fibrosis for patients with chronic
hepatitis B virus infection. Although it was retrospec-
tively performed as a multicenter study of eight
institutions, judgment of histological diagnosis was

independently performed by four pathologists in

another hospital, who were informed only of the
patient’s age, sex and positive HBV infection. Objective
judgment of the histological staging and grading in suf-
ficient biopsy specimens could be obtained.

Figure 2 Case presentations of the training set. (a) A 28-year-
old man with F1 fibrosis. Final regression function provided
his fibrosis score as 0.99. (b} A 45-year-old man with F3 fibro-
sis. His regression coefficient was calculated as 3.10. Silver.
stain, x40.

© 2012 The Japan Society of Hepatology
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Fibrosis score of
hepatitis B 5.30

Histological
diagnosis

N=27 20 20

Figure 3 Box and whisker plots of fibrotic score of each group
of histological fibrosis in the validation dataset. The fibrosis
score of hepatitis B was generated by the function, z= 1.40 %
In (type IV collagen 7S) {ng/mL) - 0.017 x (platelet count)
(x1000%*/mm’} + 1.24 X In (tissue inhibitor of matrix metallo-
proteinase-2) {ng/mL)+ 1.19 X In (o-2-macroglobulin) (mg/
dL) - 9.15. :

As many as 227 patients with chronic hepatitis B were
analyzed in this study, who had been diagnosed as
" having chronic hepatitis or cirthosis by liver biopsy per-
formed 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 hema-

tological and biochemical markers with or without loga-
rithmic transformation. They included many kinds
of fibrosis markers: o-2-macroglobulin, haptoglobin
concentration, haptoglobin typing, apolipoprotein A1,
hyaluronic acid, TIMP-1, TIMP-2, procollagen I1I peptide
and type IV collagen 7S Multiple regression analysis

finally generated a first-degree polynomial function con- -

sisting of four variables: type IV collagen 78, platelet
count, TIMP-2 and o2-macroglobulin. A constant
numeral (-9.15) was finally adjusted in the regression
equation in order to obtain fitted figures for a fibrotic
stage of F1-F4. From the magnitude of the standardized
partial regression coefficient of individual variable in the
function, platelet count demonstrated the most potent
contribution toward the prediction of liver fibrosis. Type
IV collagen 7S and In (TIMP-2) proved to be the second
and third distinctive power in the model, respectively.
The FSB was sufficiently fitted to actual fibrotic stages
with certain overlapping as is usually found in histologi-
cal ambiguity judged by pathologists. Because judgment
of fibrosis in chronic hepatitis often shows a transitional

® 2012 The Japan Society of Hepatology
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histological staging, pathological examination cannot
always make a clear-cut diagnosis discriminating F1-F4.

Considering the limitation of the pathological difficulty

in differentiating the four continuous disease entities,

the obtained regression function showed satisfactory

high accuracy rates in the prediction of liver disease

severity. The FSB can provide one or two decimal places

(e.g- 3.2 or 3.24) and the utility of the score is possibly
higher than the mere histological stage of F1-F4. The

reproducibility was confirmed by the remaining 67

patients’ data obtained from the other six hospitals.

Although the validation data were collected from a dif-

ferent geographic area and different chronological situ-

ation, the FSB showed similar results in prediction of
histological staging.

The FSB seemed a very useful quantitative marker
in evaluating fibrotic severity of hepatitis B patients
without invasive procedures and without any special-
ized ultrasonography or magnetic resonance imaging.
The FSB also has an advantage of measurement, in
which old blood samples are available for retrospective
assessment of varied clinical settings: for example, old
sera from 20 years prior to the time of initial liver
biopsy, or paired sera before and after long-term antivi-
ral therapy. These kinds of retrospective assessments of
fibrotic staging will be valuable in estimating a long-
term progression of liver disease, in evaluating efficacy
of long-term medication or other medical intervention,
or in making a political judgment from the viewpoints
of socioeconomic efficacy.

The score can be calculated for any patients with
chronic HBV 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 to a slight degree in
chronic hepatitis with tiny fibrotic change as F0. Very
severe fibrosis might be calculated as more than 4.00,
which is an imaginary and nonsense number in the
scoring system of fibrosis. The FSB is, however, very
useful and valuable in a real clinical setting; estimation
of severity of liver fibrosis in an outpatient clinic, evalu-
ation of the natural progression of a patient’s fibrosis
over 10 years and assessment of a long-term administra-
tion of interferon in patients with chronic hepatitis B
from the viewpoint of fibrotic change. Recent develop-
ment of new nucleoside/nuclectide analogs requires
evaluation for long-term histological advantage, for
aggravation of hepatitis stage during viral and biochemi-
cal breakthrough caused by HBV mutation, and even for



208

Hepatology Research 2013; 43: 596-604

(a)
AAR
2.0
15.
1.0 -

0.5 -

0.0 e

Fi F2

N=73 42

{c)
FiB-4

S - oo b

31 12

Fibrosis score of hepatitis B 603

&)
APRI

o - N W A o

(d

i F2
N=73 42
{e)

F3  F4 Fi F2 F3  F4
31 12 N=73 42 31 12

Discrimination function of
cirrhosis from chronic hepatitis

2

.

. . 0 -

Figure 4 Previously published fibrosis :

scores. (a) Aspartate aminotransferase/ -1

alanine aminotransferase ratio (AAR)," -2 -

(b) aspartate aminotransferase-to- -3

platelet ratio index (APRI),* (c) FIB-4,% -4 .

{d) FibroTest” and (e) discrimination ‘_5 v o

funciion of cirrthosis from hepatitis in F1+2+3 F4
N=146 12

Japanese patients.”

the best management of patients with chronic hepatitis
B. The FSB seems one of the ideal methods of approxi- -
mating the fibrotic stage of chronic hepatitis B. 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 HBV-related chronic liver
disease, this equation would not be suitable for the
recognition of hepatitis C virus-related chronic liver
disease, alcoholic liver disease, and other congenital or

autoimmune liver diseases. To recognize the latter
diseases, other studies of individual diseases must be
performed. '

We compared the usefulness of the FSB with that of
other fibrosis scores.”*?* The more simple and less
expensive AAR or APRI could not estimate fibrotic stages
with poor correlation coefficients of 0.199 and 0.265,
which are much lower than the coefficient of the FSB of
0.625. FibroTest, which contained three costly fibrosis -
markers {¢-2-macroglobulin, haptoglobin and apolipo-

© 2012 The Japan Society of Hepatology
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protein A1), also showed a low correlation coefficient of
0.330, suggesting that its usefulness was limited in HBV
positive oriental patients. Although FiB-4 demonstrated
the best coefficient of 0.412 among the fibrosis scores,
significant overlaps were found between neighboring
stages and obtained scores were not coordinated for real
histological classification. ,

In conclusion, the FSB was a useful and reliable biom-
arker for prediction of liver fibrosis in patients with
chronic HBV infection. The FSB is expected to be intro-
duced and utilized in varied kinds of studies and trials.
Its accuracy and reproducibility require further valida-
tion using higher numbers of patients in several coun-

tries other than Japan.
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A genome-wide association study of HCV-induced liver cirrhosis
in the Japanese population identifies novel susceptibility loci at the
MHC region
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Background & Aims: We performed a genome-wide association
study (GWAS) of hepatitis C virus (HCV)-induced liver cirrhosis
(LC) to identify predictive biomarkers for the risk of LC in patients
with chronic hepatitis C (CHC).

Methods: A total of 682 HCV-induced LC cases and 1045 CHC
patients of Japanese origin were genotyped by Hlumina Human
Hap 610-Quad bead Chip.

Results: Eight SNPs which showed possible associations
{p<1.0 x 1073) at the GWAS stage were further genotyped using
936 LC cases and 3809 CHC patients. We found that two SNPs
within the major histocompatibility complex (MHC) region on
chromosome 6p21, 15910049 and rs3135363, were significantly
associated with the progression from CHC to LC (Peombined =
9.15 x 107! and 1.45 x 1071°, odds ratio (OR)=1.46 and 1.37,
respectively). We also found that HLA-DQA1*0601 and HLA-
DRB1*0405 were associated with the progression from CHC to
LC (p=453 x 107 and 1.54 x 10~ with OR=2.80 and 1.45,
respectively). Multiple logistic regression analysis revealed that
153135363, 15910049, and HLA-DQA1*0601 were independently
associated with the risk of HCV-induced LC. In addition, individ-

Keywords: Genome-wide association study; Hepatitis C virus; Liver cirrhosis;
Major histocompatibility complex.
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uals with four or more risk alleles for these three loci have a 2.83-
fold higher risk for LC than those with no risk allele, indicating
the cumulative effects of these variations.

Conclusions: Our findings elucidated the crucial roles of multiple
genetic variations within the MHC region as prognostic/predic-
tive biomarkers for CHC patients.

© 2013 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.

Introduction

Two million people in Japan and 210 million people worldwide are
estimated to be infected with the hepatitis C virus (HCV), which is
known to be a major cause of chronic viral liver disease { 1]. Patients
with chronic hepatitis C (CHC) usually exhibit mild inflammatory
symptoms, but are at a significantly high risk for developing liver
cirthosis {LC) and hepatocellular carcinoma [2]. More than
400,000 people at present suffer from LC, which is ranked as the’
9th major cause of death in Japan. In addition, liver cancer causes
approximately 32,000 deaths per year, making it the 4th most
common cause of death from malignant diseases. Thus, HCV-
related diseases are important public health problems [3].
Clinical outcomes after the exposure to HCV vary enormously
among individuals. Approximately 70% of infected persons will
develop chronic hepatitis {4], and about 20-30% of CHC patients
will develop cirrhosis, but others can remain asymptomatic for
decades {2]. The annual death rate of patients with decompen-
sated cirrhosis is as high as 15-30% [5]. Moreover, more than
7% of LC patients develop hepatoceliular cancer in Japan and Tai-
wan, while the frequencies are less than 1.6% among other ethnic
groups [56,7]. These inter-individual and inter-ethnic differences
have been attributed to various factors such as viral genotypes,

Journal of Hepatology 2013 vol. 58 | 875-882
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Table 1. Characteristics of samples and methods used in this study.

209

Stage Source Platform Number of samples  Female (%) Age, yr (mean + SD)

GWAS

Liver cirrhosis BioBank Japan llumina Human Hap 610 682 313 (46.3) 67.1£9.7

Chronic hepatitis C¢  Hiroshima University  lllumina Human Hap 610 1045 371 (35.5) 55.2+11.0

Replication

Liver cirrhosis Tokyo University Invader assay 716 334 (46.8) 64.4 £ 10.4
Hiroshima University 220 © 98 (44.5) 64.7 £ 8.98

Chronic hepatitis C*  BioBank Japan Invader assay 1670 780 (48.8) 59.7+12.6
Hiroshima University 2139 - 1061 (51.8) 58.8 £ 9.20

*Number of samples that qualified. CHC patients with severe liver fibrosis (F3 or F4) or lower platelet counts (<160,000) were excluded.

alcohol consumption, age at infection, co-infection of HIV or HBV
[8~10], insulin resistance, steatosis, and metabolic syndrome
[11]. Previous gene expression analyses also identified various
genes associated with liver fibrosis among patients with CHC
[12~14]. In addition, miRNAs such as mir-21 and mir-122 were
shown to be correlated with live fibrosis {15,16]. :
Currently, the genome-wide association study is the most
common method to identify genetic variations associated with
disease risk [17-20]. In addition, the roles of genetic factors in
HCV-related diseases have been elucidated. IL28B is associated
with spontaneous clearance of HCV {21] as well as with the clin-
ical response to the combination therapy of pegylated interferon
and ribavirin [22,23]. Recently, our group has shown that SNP
1s2596542 on MICA {24] and SNP rs1012068 on DEPDC5 {25]
are significantly associated with HCV-induced liver cancer.
Although liver cirrhosis is the major risk factor of liver cancer, a
fraction of CHC patients will develop HCC without accompanying
LC. Therefore, the underlying genetic background would be dif-
ferent between HCV-induced LC and HCV-induced HCC. Previous
studies identified the association of genetic variants in HLA-DQ/
DR/B [26-28], 2-5AS [29], TLR3 [30], and PNPLA3 [31] with the
risk of liver fibrosis among patients with CHC. However, a com-
prehensive approach for HCV-induced LC has not been conducted
so far. Here we performed GWAS of HCV-induced LC to identify
predictive biomarkers for the risk of LC in patients with CHC.

Materials and methods

Ethics statement

All subjects provided written informed consent. This project was approved by the
ethical committees at University of Tokyo, Hiroshima University, Sapporo Kosei
General Hospital, Toranomon Hospital, and Center for Genomic Medicine, Inisti-
tutes of Physical and Chernical Research (RIKEN).

Study population

The characteristics of each cohort are shown in Table 1. In this study, we con-
ducted GWAS and replication analysis on a total of 1618 HCV-induced LC and
4854 CHC patients. All subjects had abnormal levels of serum alanine transami-
nase for more than 6 months and were positive for bath HCV antibody and serum
~ HCV RNA. Among 1618 LC and 4854 CHC samples, 342 LC patients (21.14%) and

2997 CHC patients (61.70%) underwent liver biopsy. The remaining 1276 LC and .

1857 CHC patients were diagnosed by non-invasive methods including hepatic
imaging (e.g., ultrasonography, computed tomography, arteriography or magnetic
resonance imaging), biochemical data (serum bilirubin, serum albumin, platelet,
or prothrombin time), and the presence/absence of clinical manifestations of por-
tal hypertension {e.g., varices, encephalopathy or ascites). The pah'epts with CHC

or LC were recruited for this study regardless of their treatment history. We
excluded from the analysis the followings CHC patients: (1) advanced ljver fibro-
sis (F3 or ¥4 by New Inuyama classification) {32}, (2) platelet count under 160,000
for patients without liver fibrosis staging, and (3) HBV co-infection. Characteris-
tics of each study cohort are shown in Table 1. In brief, DNA of HCV-induced LC
and CHC patients was obtained from Biobank Japan (http://biobankjp.org/) [33], .
the Hiroshima Liver Study Group (http:/fhome.hiroshima-w.acp/naikat/
researchprofile/pdffliverstudygroupe.pdf), Toranomon Hospital, and the Univer-
sity of Tokyo. All subjects were of Japanese origin.

SNP genotyping

Genomic DNA was extracted from peripheral blood leukocytes using a standard
method. In GWAS, we genotyped 682 LC and 1045 CHC samples using lllumina
Human Hap 610-Quad bead Chip (Supplementary Fig. 1). Samples with low call
rate (<0.98) were excluded from our analysis (six LC and two CHC samples).
We then applied SNP quality control as follows: call rate >0.99 in LC and CHC
samples, Hardy~Weinberg p >1 x 107° in LC and CHC samples. Consequently,
461,992 SNPs on the autosomal chromosomes passed the quality control filters.
SNPs ‘with minor allele frequency of <0.01 in both LC and CHC samples were
excluded from further analyses, considering statistical power in the replication
analysis. Finally, we analyzed 431,618 SNPs in GWAS. Among the top ten SNPs
showing p <1.0 x 1075, we selected nine SNPs for further analysis with LD thresh-
old of % = 0.95. In the replication stage, we genotyped 936 1C and 3809 CHC using
multiplex PCR-based Invader assay (Third Wave Technologies).

Statistical analysis

The association of SNPs with the phenotype in the GWAS, replication stage, and
combined analyses was tested by logistic regression analysis, upon adjusting
for age at recruitment (continuous) and gender, by assumning additive model
using PLINK {34]. In the GWAS, the genetic inflation factor 1 was derived by
applying logistic regressed p values for all the tested SNPs. The quantile~quantile
plot was drawn using R program. The odds ratios were calculated using the non-
susceptible allele as reference, unless stated otherwise. The combined analysis of
GWAS and replication stage was verified by using the Mantel-Haenszel method.

. We set the significance threshold as follows; p =1 x 107> in the GWAS stage (first

stage) and p=6.25 x 1073 (=0.05/8) in the replication analysis. We considered
P <5 x 107% as threshold of GWAS significance in the combined analysis, which
is the Bonferroni-corrected threshold for the number of independent SNPs geno-
typed in HapMap Phase II [35]. The heterogeneity across two stages was exam-
ined by using the Breslow-Day test [36]. We used Haploview software to
analyze the association of haplotypes and LD values between SNPs. Quality con-
trol for SNPs was applied as follows: call rate »0.95 in LC and CHC samples, and
Hardy-Weinberg p >1 x 107 in CHC samples in replication stage. The statistical
power was 19.51% in GWAS (the first stage) (p = 1.00 x 1075), 97.98% in replica*
tion (p=0.05/8), and 74.76% in the combined stage (p=5.00 x 10~%) at minor
allele frequency of 0.3 and OR of 1.3.

Imputation-based association analysis of HLA class I and class I alleles

We obtained an SNP or a combination of SNPs which could tag the HLA alleles in
the Japanese population from a previous study {37]. Genotypes of tagging SNPs
were imputed in the GWAS samples by using a Hidden Markov model pro-
grammed in MACH [38] and haplotype information from HapMap JPT samples
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Fig. 1. Regional association plot at 6p21.3. (Upper panel) p Values of genotyped SNPs (circle) and imputed SNPs (cross) are plotted (as —logyo p value) against their
physical position on chromesome 6 (NCBI Build 36). The p value for rs910049 at GWAS is represented by a purple diamond. Estimated recombination rates from HapMap
JPT show the local LD structure. Inset; the color of the other SNPs indicates LD with rs3135363 according to a scale from 2= 0 to /* = 1 based on pair-wise r* values from
HapMap JPT. (Lower panel) Gene annotations from the University of California Santa Cruz genome browser, ’

and 1000 genome imputation samples {39]. We applied the same SNP quality cri-
teria as in GWAS, to select SNPs for the analysis. We employed the logistic regres-
sion analysis upon age and gender adjustment to assess the associations between
HCV-induced LC and HLA alleles.

Software

For general statistical analysis, we employed R statistical environment version
2.9.1 (cranr-project.org) or plink-1.06 (pngu.mgh.harvard.edu/~purcell/plink/).
The Haploview software version 4.2 [40] was used to calculate LD and to draw
Manhattan plot. Primer3 -web v0.3.0 (http://frodo.wi.mit.edu) web tool was used
to design primers. We employed LocusZoom (hitp://csg.sph.umich.edu/locus-
zoomy/) for regional plots. We used SNP Functional Prediction web tool for func-
tional annotation of SNPs (http://snpinfo.niehs.nih.gov/snpfunc.htm) [41]. We
used “Gene Expression Analysis Based on Imputed Genotypes” (http:f/
www.sph.umich.edu/csg/liangfimputation) [42] for eQTL analysis. We used
MACTH {43] web tool for searching potential binding sites for transcription fac-
tors (http://www.gene-regulation.comfindex.htm).

Results
Genome-wide association study for HCV-induced liver cirrhosis

We performed a two-stage GWAS using a total of 1618 cases and
4854 controls (Supplementary Fig. 1). In the first stage, a whole
genome scan was performed on 682 Japanese patients with
HCV-induced LC and 1045 Japanese patients with CHC, using Illlu-
mina Human Hap 610-Quad bead Chip. The genotyping results of
431,618 single nucleotide polymorphisms (SNPs) obtained after
our standard quality control were used for further analysis.
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" CHC patients with severe liver fibrosis (F3 or F4 according to

the New Inuyama classification {32]) or lower ;)Iatelet counts
(<160,000) were excluded from the control group. As progression
from CHC to LC is strongly affected by age and gender, we per-
formed logistic regression analyses including age and gender as
covariates at all tested loci in our analyses. The genetic inflation
factor lambda was 1.051, indicating that there is little or no evi-
dence of population stratification (Supplementary Fig 2A).
Although no SNPs cleared the GWAS significance threshold
(p<5 x 107%) at the first stage, we selected ten candidate SNPs
showing suggestive association of p <1 x 107> (Supplementary
Fig. 2B and Supplementary Table 1). After excluding SNP
rs6891116 due to almost absolute -linkage with SNP
rs10252674 (? =0.99), the remaining nine SNPs were further
genotyped using an independent cohort, consisting of 936 LC
and 3809 CHC cases, by multiplex PCR-based Invader assay as
the second stage. We could successfully obtain genotype results
for eight SNPs after the QC filter (call rate >0.95 in LC and CHC
samples, Hardy-Weinberg of p >1 x 107° in CHC samples). The
logistic regression analysis adjusted by age and gender revealed
that five SNPs on chromosome 6q21.3 indicated a significant
association with progression from CHC to LC after the Bonferroni
correction (p <0.05/8 = 6.25 x 1073, Supplementary Table 2). A
meta-analysis of the two stages with a fixed-effects model
revealed that all of the five SNPs significantly associated with
progression from CHC to LC (p values of 9.15x107'1-
1.28 x 1078 with odds ratios (OR) of 1.30-1.46, Fig. 1 and Table 2).
These five SNPs were located in the HLA class II region and were
in strong linkage disequilibrium with each other (¥ >0.75,

877



Research Article

Table 2. Summary of GWAS and replication analyses.

211

Liver cirrhosis

Chronic hepatitis C

SNP Stage Allele Gene OR(85% Cl)  pvalue® pvalue, *
(1/2) 11 12 22 RAF? 11 12 22  RAFe
rs910049 ’
GWAS alg C6orfl0 24 217 435 0196 25 224 794 0431 1.73(1.40-2.15) 5.39x107
Replication (6p21.3) 35 259 631 0.180 66 952 2790 0.142 1.37 (1.20-1.58) 7.59x 10°
Combined® 146 (1.28-1.62) S.15x 10 0.075
rs3817963
GWAS alg BTNL2 92 343 241 0390 101 437 505 0.306 1.53(1.28-1.81) 9.50 x 107
Replication (6p21.3) 130 395 395 0.356 409 1573 1816 0.315 1.22(1.10-1.36) 2.66 x 10*
Combined® 1.30 (1.18-1.42) 1.28x 10® 0.028
rs9405098 :
GWAS aly Nogene 75 293 308 0328 70 365 608 0.242 1.54(1.30-1.84) 1.10x10°
Replication (6p21.3) 100 361 462 0.304 249 1429 2120 0.253 1.30(1.16-1.46) 5.64x10°
Combinede 1.37 (1.23-1.50) 1.04x10™ 0.105
rs3135363
GWAS ¢t Nogene 35 258 383 0.757 89 447 507 0.700 1.58 (1.32-1.90) 7.89x 107
Replication (6p21.3) 73 322 540 0.750 389 1486 1929 0.702 1.30 (1.16-1.46) 7.94 x 10°
Combined® 1.37 (1.24-1.51) 1.45x 10® 0.069
13129860
GWAS alg Nogene 58 294 324-0303 57 348 638 0.221 1.55(1.29-1.82) 6.45x 10
Replication (6p21.3) g 339 507 0.276 208 1341 2246 0.231 1.28(1.14-1.44) 2.53x10°
Combined® : 1.36 (1.22-1.49) 1.07x10° 0.085

1618 (682 in GWAS and 936 in replication) liver cirrhosis and 4854 (1045 in GWAS and 3809 in replication) chronic hepatitis- C samples were analyzed.

“RAF, risk allele frequency.
POR, odds ratios; Cl, confidence interval.

p Values obtained by logistic regression analysis adjusted for age and gender under additive model.
*9p Values of heterogeneities (Phet) across three stages were examined by using the Breslow-Day test.
*Combined odds ratio and p values for independence test were calculated by Mendel-hauzen and Laird method in the meta-analysis.

Supplementary Fig. 3). To further evaluate the effect of each var-
iation on the progression from CHC to LC, we performed multiple
logistic regression analyses. As a rtesult, rs910049 (p of
1.91 x 1072 with OR of 1.25) and rs3135363 (p of 1.49 x 10™*
with OR of 1.23) remained significantly associated with the pro-
gression risk from CHC to LC, while the remaining three SNPs
failed to show significant associations (p >0.05) (Supplementary
Table 3). Thus, two SNPs, 15910049 and rs3135363, seem to be
independent risk factors for HCV-induced LC.

Since reduced platelet level is associated with a poor progno-
sis among CHC patients [44] we excluded patients with platelet
level of less than 160,000 from CHC groups to increase the risk
of type 2 error in this study. We also conducted the analysis using
only CHC patients diagnosed with liver biopsy. As a result, both

'SNPs reached genome-wide significance (p <5 x 10~%), although
the associations were reduced due to the smaller sample size
(Supplementary Table 4).

Subgroup analyses, stratified by IFN treatment status, amount
of alcohol consumption, and gender, were also performed, since
these factors were shown to be associated with the prognosis
of CHC patients [45-47]. A total of 334 LC patients (35.83%)
and 2325 CHC (82.4%) were treated with IFN therapy. Although
the frequency of IFN treatment was different between CHC and
LC groups, these variations associated with the LC risk regardless
of IFN treatment as well as gender and alcohol consumption
(Supplementary Fig. 4A-C). When we included these factors as
covariates, the association of these variations with HCV-induced
LC was sustained, with OR of 1.48 and 1.56, and SNP 153135363
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still reached genome-wide significance (p = 3.95 x 10~%) (Supple-
mentary Table'5). '

The association of previously reported variations with HCV-induced
LC )

Non-synonymous SNP rs738409 (1148M) in the PNPLA3 gene was
shown to be associated with progression of LC in the previous
prospective study in Caucasians [31]. SNP rs738409 was also
associated with the severity of non-alcoholic fatty liver disease
in Japanese [48]. Therefore, we analyzed SNP rs738409 in our
case-control cohort, but rs738409 did not significantly associate
with HCV-induced LC (p = 0.24 and OR = 1.10), although the risk
G altele was more frequent among LC than CHC (Supplementary
Table 6). Our result is similar to what observed among Caucasians

- in the previous study, in which rs738409 increased liver cancer

risk among alcoholic cirrhosis but did not among hepatitis C cir-
rhosis [49]. Since biological studies demonstrated that its risk
allele (G) abolishes the triglyceride hydrolysis activity of PNPLA3
{50] PNPLA3 variation would have a strong impact on non-viral
cirrhosis.

Recently, GWAS in the Caucasian population identified the
association of SNPs rs4374383, rs16851720 and rs9380516 with
the progression of liver fibrosis after HCV infection [51].
However, SNPs rs4374383 and 1516851720 did not exhibit
significant association (p = 0.654 and 0.231, respectively) in our
sample set. Although SNP rs9380516 exhibited the association
with p-value of 0.015, the risk allele showed an opposite result
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Table 3. Results of three associated variations from candidate gene analyses.

JOURNAL OF HEPATOLOGY

Gene Tagging SNP Haplotype frequency OR (95% Cl)y p value®
Liver cirrhosis  Chronic hepatitis C
DQAT1*0601 rs2736182(T) + rs2071293(A) 0.038 0.018 2.80 1.38-3.32 4.53x10*

DRBT*0405 rs411326(C) + rs2395185(A) + rs4599680(A)

0.324 0.266 ) 145

1.15-1.56  1.54 x 10"

Association was tested by comparing haplotype distribution between 682 liver cirrhosis and 1045 chronic hepatitis C samples in GWAS.

aOR odds ratio; Cl, confidence interval.

®p Values were obtained by case-control analysis of GWAS stage (p for haplotype were obtained by score test, implemented in R) (DQAT*0601 and DRB1*0405). The p values
obtained by logistic regressmn analysis adjusted for age and gender under additive model.

(Supplementary Table 6). Taken together, these SNPs would not
be associated with liver fibrosis in the Japanese population.

Genes related to extracellular matrix turnover or immune
response (KRT 19, COL1A1, STMN2, CXCL6, CCR2, TIMP1, IL8, IL1A,
ITGA2, CLDN 4, and IL2) were shown to be implicated in liver
fibrosis of chronic hepatitis C [14]. To further characterize these
loci, we conducted imputation analyses in the GWAS sample
set (682 cases and 1045 controls), using data from HAPMAP
phase I (JPT), and found 163 SNPs in 9 loci. However, none of
these SNPs indicated significant association with p-value of less
than 0.01 (Supplementary Table 7). Thus, variations of these
genes did not associate with progression from chronic hepatitis
C to liver cirrhosis.

Imputation-based fine mapping of HLA region

The most significantly associated SNP rs3135363 is located
within an intergenic region between BTNL2 and HLA-DRA, and
15910049 is located in intron 7 of C601f10 gene (Supplementary
Figs. 5 and 6). To further characterize these loci, we conducted
imputation-based association analysis for the GWAS samples
(682 LC and 1045 CHC samples) using data from HAPMAP Phase
1t (JPT), and could obtain the results of nearly 6000 SNPs in a 4-
Mb genomic region. The regional association plots revealed that
all modestly-associated SNPs are confined within a 700-kb region
containing 21 genes, namely TNXB, ATF6B, FKBPL, PRRT1, PPT2,
EGFL8, AGPAT1, RNF5, RNF5P1, AGER, PBX2, C6orf10, BINL2, HLA-
DRA, HLA-DRB5, HLA-DRBG, HLA-DRB1, HLA-DQA1, HLA-DQA2,
HLA-DQB1 and HLA-DQB2 (Supplementary Fig. 5). Although 640
SNPs, including ten non-synonymous SNPs within the 4-Mb
region, showed very modest associations (p<0.01) with HCV-
induced LC, none of these SNPs in this region revealed strong

association with HCV-induced LC, after adjustment with the-

two SNPs, 15910049 and rs3135363 (Supplementary Fig. 7).
Taken together, the associations observed in this region would
reflect’the association with rs910049 and rs3135363, -
Previous reports indicated the association of HLA-DRBI and
HLA-DQ alleles with HCV-induced chronic hepatitis in the Japa-
nese population [26]. To investigate the association of HLA alleles
with HCV-induced LC, we estimated the genotypes at the HLA
region by applying the imputation results of HLA-tagging SNPs
[37]. We could successfully determine 53 alleles of HLA-4, B, C,
DQA, DOB, and DRB genes and find that HLA-DQA1*0601 and
HLA-DRBI*0405 were strongly associated with HCV-induced LC
{p values of 4.53 x 107 and 1.54 x 10~ with ORs of 2.80 and
145) even after the Bonferroni correction (p<0.05/
53 =943 x 107%) (Table 3 and Supplementary Table 8A-E) [37].
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Fig. 2. Cumulative effects of liver cirrhosis risk alleles. (A) Frequency distri~
bution divided by risk allele numbers (rs9100489, rs3135353, and HLA-DQAO60T)
among liver cirrhosis (light blue bars) and chronic hepatitis C (dark blue bars)
patients. (B) Plot of the increase odds ratio (OR) for liver cirrhosis according to the
number of risk alleles. The ORs are relative to the subjects with no risk alleles
(rs910049, rs3135353, and HLA-DQA0601). Vertical bars correspond to 95%
confidence intervals. Horizontal line marks the null value (CR=1).

Cumulative effect of multiple loci within the HLA region

SNPs 1s3135363 and rs910049, HLA-DQAI*0601, and HIA-
DRB170405 are located within a 300-kb segment in the HLA class
Il region and show moderate linkage disequilibrium (Supplemen-
tary Fig. 8). To further evaluate these genetic factors, we per-
formed multiple logistic regression analyses and found that
15910049 (p of 9.40 x 1073 with OR of 1.38), 153135363 (p of
394 x 107* with OR=141), and HIA-DQAI'0601 (p of
7.79 x 10~3 with OR of 1.54) were significantly associated with
HCV-induced LC (Supplementary Table 9), indicating these three
variations were independent risk factors for progression of CHC
to LC.

To investigate the pathophysiological roles of rs910049 and
153135363 in disease progression, we searched the eQTL database
(http:/fwww.sph.umich.edu/csg/liang/fimputation) and found
that risk alleles of rs910049 (A) and rs3135363 (T) were associ-

ated with lower expression of HLA-DQA (LOD of >6.86 and

17.31, respectively) and DRBI (LOD of >12.01 and 18.96, respec-
tively), and with higher expression of HLA-DQB1 (LOD of >6.76
and 4.46, respectively) (Supplementary Table 10). Thus,
15910049 and 133135363 are likely to affect the expression of -
HLA class II molecules and subsequently alter the risk of HCV-
induced LC.

Finally, we examined the cumulative effects of rs310049,
153135363, and HLA-DQAT*0601. Individuals with four or more
risk alleles (8.8% of general population) have 2.83-fold higher risk
of HCV-induced LC compared with those W1th no risk allele
(15.0% of general population, Fig. 2).
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Discussion

We here demonstrated that multiple genetic variations in the
MHC region were significantly associated with the risk of disease
" progression from CHC to LC, using a total of 1618 HCV-LC and
4854 CHC cases. Since a substantial proportion of patients with
CHC show progression to LC in a certain time period, exclusion
‘of CHC patients who have a high risk for LC from control subjects
is essential to reduce the risk of false negative association. In this
study, CHC patients with advanced fibrosis (F3 or F4 in stage) or
with reduced platelet level (less than 160,000/ul) were excluded
from the control samples, since these alterations are well-known
risk factors for LC development [9,32]. Consequently, we were
successfully able to identify the HCV-induced LC loci.

HLA genes are known to play critical roles in the regulation of
our immune responses through controlling the antigen presenta-
tion to CD8 (class I) and CD4 (class 1I) T cells. Although previous
studies indicated the association of HLA class I alleles such as
HLA-B57, HLA-A11, and HLA-C04 with persistent HCV infection
{52,53], no SNPs in the HLA class I region exhibited strong asso-
ciation with HCV-induced LC. Here we identified three variations
(rs910049, rs3135363, HLA-DQA1*0601) in the HLA class H region
to be significantly associated with the progression risk from CHC
to LC. Since two SNPs, rs910049 and 153135363, had been indi-
cated to affect expression levels of HLA-DRB1 and DQ, our findings
indicated the significant pathophysiological roles of HLA class 1T
molecules in the development of HCV-induced liver fibrosis. Con-
sidering the function of HLA-DQ and HLA-DR, we suggest that the
antigen presentation by HLA class I molecules is likely to play a
critical role in the elimination of HCV-infected liver cells and sub-
sequently prevent HCV-induced LC.

Direct acting antiviral drugs for HCV can cure up to 75% of
patients infected with HCV genotype 1, and the lifetime risk of
developing LC and HCC among HCV carriers was decreased dur-
ing the two recent decades [54,13]. However, the amino acid
sequence of the NS3 protease domain varies significantly
between HCV genotypes and the antiviral efficacy differs in dif-
ferent HCV genotypes [55]. Moreover, protease inhibitors
increased the ‘incidence of adverse reactions such as anemia
and skin rash [56]. Therefore, estimation of liver cirrhosis risk
and prediction of treatment response would be essential to pro-
vide a personalized treatment and to achieve the optimal results.
Due to the recent advances in pharmacogenetic studies, genetic
factors associated with efficacy and adverse effects of anti-HCV
treatment were identified. IL-28B is a powerful predictor of treat-
ment outcome of pegylated interferon and ribavirin therapy [22],
while a genetic variation in the ITPA gene was shown to be asso-
ciated with ribavirin-induced anemia [57]. Sinice we conducted a
retrospective study, and the majority of LC patients did not
receive IFN treatment, we could not evaluate the treatment
responses in our study design. However, SNPs identified in this
study were associated with the LC risk independent of IFN treat-
ment. Although the impact of each SNP was relatively weak com-

pared with viral factors (HCV genotype, core and NS5A mutation

'[58]) and host factors (age, gender, obesity, and insulin resis-
tance), we found that individuals with three or more risk alleles
have a nearly three-fold higher risk of LC than those with no risk
allele. Since lifetime risk of HCC development among HCV carri-
ers is as high as about 27% for male and 8% for female [59], these
three loci would have the strong effect on the clinical outcome of
CHC patients. In general, the progression from chronic hepatitis C
to liver cirrhosis usually takes more than 20-30 years. Therefore,
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a large scale prospective cohort study with more than 10-year
follow-up is essential to evaluate the role of these variations as
a prognostic biomarker. We would like to perform prospective
analysis in future studies. We hope that our findings would con-

© tribute to clarify the underling molecular mechanism of HCV-

induced liver cirrhosis.
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Abstract

Background Perihepatic lymph node enlargement (PLNE)
is a common ultrasound finding in chronic hepatitis C
patients. Although PLNE is considered to reflect the inflam-
matory response to hepatitis C virus (HCV), its chmcal sig-
nificance remains unclear.

Methods Between December 2004 and June 2005, we
enrolled 846 chronic hepatitis C patients in whom adequate

ultrasound examinations had been performed. PLNE was-

defined as a perihepatic lymph node that was at least 1 cm
in the longest axis by ultrasonography. We analyzed the
clinical features of patients with PLNE and prospectively
investigated the association between PLNE and hepato-
cellular carcinoma (HCC) development.

Results We detected PLNE in 169 (20.0 %) patients.
Female sex, lower body mass index (BMI), and HCV sero-
type 1 were independently associated with the presence of
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PLNE. However, there were no significant differences inliver
function tests, liver stiffness, and hepatitis C viral loads
between patients with and without PLNE. During the follow-
up period (mean 4.8 years), HCC developed in 121 patients.
Unexpectedly, patients with PLNE révealed a significantly
lower risk of HCC development than those without PLNE
(p = 0.019, log rank test). Multivariate analysis revealed that
the presence of PLNE was an independent negative predictor
of HCC development (hazard ratio 0.351, p = 0.042). In
addition, the sustained viral response rate in patients who
received interferon (JFIN) therapy was significantly lower in
patients with PLNE than in patients without PLNE.
Conclusions Patients with PLNE had a lower risk of HCC
development than those without PLNE. This study may provide
new insights into daily clinical practice and the pathophysiol-
ogy of HCV-induced hepatitis and hepatocarcinogenesis.

Keywords Perihepatic lymph node enlargement -
Chronic hepatitis C - Hepatocarcinogenesis

Abbreviations

ALT  Alanine ammotransferase

AFP  a-Fetoprotein

PLNE Perihepatic lymph node enlargement
HCV  Hepatitis C virus ‘

HCC  Hepatocellular carcinoma

IFN Interferon

LN Lymph node
Us Ultrasonography
Introduction

Hepatocellular carcinoma (HCC) is the fifth most common
cancer worldwide and chronic hepatitis C virus (HCV)
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infection is a major cause of HCC in the United States,
southern European countries, and Japan [1, Z]. The host
immune responses to HCV are often not strong enough to
completely clear the infection, resulting in chronic stimu-
lation of the antigen-specific immune response. Accumu-
lating basic and clinical lines of evidence indicate that a
sustained inflammatory reaction in the liver is the major
contributing factor to HCC development [3-5].

Inflammatory processes in organs frequently lead to
hyperplasia of regional lymph nodes (LNs). Perihepatic LN
enlargement (PLNE) is a common finding in patients with
chronic hepatitis, especially in patients with hepatitis C
[6, 7]. Some studies have revealed that PLNE in chronic
hepatitis C patients was associated with a higher HCV viral
load, [7] higher histological grade of hepatic inflammation
and fibrosis [8, 9], and higher CD8 lymphocyte level in the
“blood [10]; therefore, PLNE is considered to reflect an
inflammatory response to-HCV. However, such associa-
tions as those noted above are inconsistent among studies
[7-15], and the precise mechanism and clinical relevance
of PLNE are not fully understood. Furthermore, to our
knowledge, there have been no studies designed to inves-
tigate the association between PLNE and hepatocarcino-
genesis. To clarify whether we should pay attention to
the risk of HCC development in patients with PLNE is very
important, because we encounter such situations very
often. :

The purpose of this study was to reevaluate the clinical
relevance of PLNE and to carry out a prospective assessment.

of the association between PLNE and HCC development. To
elucidate these matters, we investigated a well-characterized
chronic hepatitis C cohort in which we previously reported
the utility of performing transient elastography for risk
assessment of HCC development [16]. In the present study,
we prospectively assessed the association between PLNE
and HCC development in chronic hepatitis C patients in that
cohort. i

Patients and methods
Patients and screening for perihepatic LN enlargement

As described previously [16], we enrolled 866 chronic
hepatitis C patients, excluding those with HCC or a past
history of it, who visited the University of Tokyo Hospital
between December 2004 and June 2005. All patients were
positive for HCV-RNA and showed at least a transiently
elevated serum alanine aminotransferase (ALT) level.
Patients with concomitant hepatitis B virus surface antigen
positivity, patients with uncontrollable ascites, patients on
interferon (JFN) therapy, and patients who visited only for
consultation purposes were excluded from this study.

Each subject was screened for HCC with ultrasonogra-
phy (US) at or immediately after the first visit. At the same
time, we surveyed the presence of PLNE with US. The US
examination was performed using the SSD-2000 (Aloka,
Tokyo, Japan). To identify LNs the following criteria were
used, according to a previous report [17]: one or more
masses with an ovoid shape and less echogenic than liver
parenchyma, separated from adjacent organs and vessels by
a clear-cut cleavage on repeated transverse, sagittal, and
oblique scans. LNs were searched for near the trunk of the
portal vein, hepatic artery, celiac axis, superior mesenteric

- vein, and pancreas head. Furthermore, we used Doppler US
+ to differentiate LNs from vessels.

We defined PLNE as an LN that was at least 1 cm in the
longest axis. There were two reasons for this definition.
First, we preliminarily investigated the prevalence of
PLNE with US in 465 healthy subjects who had had
medical check-ups and did not have liver disease or other
underlying causes of LN enlargement. We found that only
15 (3.2 %) of these subjects had a perihepatic LN larger
than 1 cm in the longest axis (unpublished data). Second,
when an LN was smaller than 1 cm, it was sometimes
difficult to distinguish the LN from other structures. If two
or more LNs were detected with US, we deterrnined PLNE
to be present based on the length of the largest LN. In 20 of
the 866 patients in the present study, adequate visualization
of the liver hilum was not achieved with US because of
severe obesity or excessive meteorism. Therefore, we
analyzed the association between PLNE and the sub-
sequent incidence of HCC in 846 patients.

HCV RNA was measured using Amplicore HCV ver-
sion 2.0 (Roche, Tokyo, Japan), and the HCV serotype was
examined using a serotyping assay (SRL, Tokyo, Japan).
We also monitored IFN therapy and responses during the
follow-up period. A sustained virological response (SVR)
was defined as undetectable HCV-RNA at least 24 weeks
after the end of therapy. All blood tests were performed at
the time of US examination.

The study protocol conformed to the ethical guidelines
of the 1975 Declaration of Helsinki.

Patient follow up

Patients were followed up every 3-6 months at the out-
patient clinic, when blood tests (including tumor markers)
and US were carried out. Confrast-enhanced computed .
tomography (CT) was performed when HCC was sus-
pected, based on US, and/or if the serum o-fetoprotein
(AFP) level showed an abnormal increase. HCC was
diagnosed by dynamic CT, and hyperattenuation in the
arterial phase with washout in the late phase was consid-
ered a definite sign of HCC [18]. When a diagnosis of HCC
was ambiguous, ultrasound-guided tumor biopsy was

;@_ Springer



