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Figure 1 Rate of decline in platelet count prior to hepatocelluler carcinoma (MCC) diagnosis in HCC patients and prior to the end of follow-up in
control patients. The annual rate of platelet count decline in the period prior to HCC diagnosis was lower in the groups that were older at the time
of HCC diagnosis. In control patients, there was no trend toward higher annual rates of platelet count decline in the period prior to the end of follow-up
when the patients were classified by age {P=0.0247 and 0.1571, respectively, Jonckheere-Terpstra Test). Group A, HCC diagnosed at age = 60
years; group B, 61-70 years; group C, 71-80 years; group D, > 80 years. group A, contro} patients = 60 years old at the end of follow-up; group B’
61~70 years; group C', 71-80 years; group D', > 80 years. The annual rate of platelet count decline was significantly lower in group A’ than in group
A [P=0.0039); however, there were no significant differences when HCC patients in other age groups were compared to their respective matched

controls.

lower in group A’ than in group A (P = 0.0039), and there were no
significant differences between group B and group B’, group C and
group C’, and gronp D and group D’.

The average integration value of ALT in groups A, B, C, and D
was 80.9 TU/L (25.3-179.3), 62.3 IU/L (14.5-167.9), 59.0 IU/L
(9.9-134.1), and 44.9 IU/L (22.7-91.9), respectively, The average
integration value of ALT was significantly lower in patients diag-
nosed with HCC at an older age (Fig. 2, P < 0.0001). There was a
similar trend among control patients (Fig. 2, P <0.0001), The
average integration values of ALT in groups A'. B, C', and I
were significantly lower than in groups A, B, C, and D, respec-
tively (P < 0.0001).

Patient profiles at the time of HCC diagnosis are shown in
Table 6, There were no significant differences in tumor character-
istics and levels of tumor markers among the age groups. Fewer
patients in Group D underwent hepatic resection (P = 0.0293).

Survival rates according to age at HCC diagnosis.
Five and 10-year cumulative survival rates of groups A. B. C,
and D were 44.2%, 58.2%, 44.3%, and 33.3% aand 22.7%, 31.2%,
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26.6%, and not available, respectively (Fig. 3). There were no
significant differences in the cumulative survival rate among the
four groups.

Discussion

In Japan, the average age of patients with chronic hepatitis, cirrho-
sis, or HCV-associated HCC is increasing. The number of deaths
due 1o these diseases is also increasing. The age-specific prevalence
of HCV seropositivity in the USA is about 30 years below that
in Japan; thus, a majority of patients in the USA with chronic
HCYV infection will reach an advanced age in the near future.?

In our study, elderly HCC patients have high platelet counts
and low ALT values. In addition, multivariate analysis using
propensity-matched control patients revealed that the presence of
cirrhosis and high ALT levels (> 20 IU/L} are significantly associ-
ated with the development of HCC. However, platelet count is
not significantly associated with hepatocarcinogenesis in elderly
HCV carriers (= 65 years). Physicians should be aware that
patients aged 65 years or older could develop HCC regardless of
their platelet count.
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Figure 2 Average integration values of alenine aminotransferase (ALT) prior to HCC diagnosis in HCC patients and prior to the end of follow-up in
control patients. Patients who were older at the time of HCC diagnosis had lower average integration values of ALT in the pericd prior to HCC
diagnosis. In control patients, the average integration values of ALT in the period prior to the end of follow-up were lower in the groups that were older
at the end of follow-up (£ < 0.0001 and < 0.0001, respectively, Jonckheere-Terpstra Test). Average integration values of ALT in groups A, B, €, and
D’ were significantly lower than in groups A, B, C, and D, respectively (P < 0.0001).

Table 6 Profile of HCV-infected HCC patients at the time of HCC diagnosis

Group A (n=36) Group B {n=115) Group C (n= 143} Group D (n=289} P
AFPY {ng/mL) 23.9 (0.8-500) 19.8 {0.6~10500} 12.8 (0.8-12680) 17.8 (0.8~89720) 0.2347
AFP-L3' (%) 0 (0-89} 0(0-87.2) 0{0-81.0) Q{0-40.7) 1.0000
DCP* {mAU/mL) 36 (10-36164) 35 (10-5941) 32 {10~50904) 24 (10-6229) 0.5650
Tumor size' {cm) 2.0 (0.8-10.0} 2.0(0.3-8.8) 2.0{0.6-11.4) 2.3 (1.0-8.0 0.3754
Number of tumors? 1(1-6) 1(1-8) 1{1-10) 1{1-4) 1.0000
Portal thrombus {present/absent} 2/34 3112 6/137 0/29 0.3293
Stage {1/2/3/4) 14/15/5/2 41/53/21/0 50/61/29/3 10/1277/0 0.4957
initial treatment [HR/PT/TACE/mone) 9/18/4/5 47/44/16/8 51/47/3312 4/11/9/5 0.0293

‘Expressed as median {range).
AFP, o-fetoprotein; AFP-L3, fens culinaris agglutinin-reactive fraction of AFP; DCP, des+y-carboxy prothrombin; Group A, diagnosis of HCC at age = 60

years: Group B, 61-70 years; Group C, 71-80 years; Group D, > 80 years; HCC, hepatoceliular carcinorma; HCV, hepatitis C virus; HR, hepatic resection;
PT; percutaneous treatment including ethanol injection therapy, microwave coagulation therapy, and radiofrequency ablation therapy; TACE, tran-

scatheter arterial chemoembolization.

The male-to-female ratio of HCC patients in Japan has of female patients is considered a result of more older patients with
decreased from 4.5 in 19841985 to 2.5 in 2002-2003.! It is well HCV-related HCC. In our study. the proportion of female patients
known that the mean age of female HCC patients with HCV ~ was the highest in group D. Further investigation of the role of sex
infection is higher than that of males.'®!® The increased proportion in hepatocarcinogenesis is needed.
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Figure 3 Cumulative survival rate of groups A, B, C, and D according
to age at hepatocellular carcinoma (HCC) diagnosis. Kaplan-Meier
curves showving the survival rate stratified by age at HCC diagnosis.
There were no significant differences in the survival rate among the four
groups. —, A group {= 60 years, n=236); - B group {81-70 years,
n=118% , Cgroup {71-80 years, n=143); , D group (> 80 years,
n=28}.

We previously reported that the average integration value of
ALT was associated with the cumulative incidence of hepatocar-
cinogenesis and that minimizing ALT is necessary for the preven-
tion of hepatocarcinogenesis.”® In addition, we demonstrated a
6.242-fold higher (95% confidence interval: 1.499-25.987) cumu-
lative incidence of hepatocarcinogenesis in patients with average
ALT integration values between 20 and 40 IU/L (within the current
normal range) than in patients with 20 IU/L or below.* In this
study, the average integration value of ALT significantly decreased
as the age at HCC diagnosis increased. Especially in group D, the
average integration value of ALT was 44.9 IU/L (range, 22.7-
91.9IU/L), which is near the upper limit of the conventional
reference range of ALT (40 IU/L). There was the same tendency in
control patients; however, average integration values of ALT were
lower in control patients than HCC patients in each corresponding
age group. These data suggest close surveillance for HCC is
fmportant even if older patients (= 65 years) have low ALT values.

It is likely that Tow platelet counts account for a large proportion
of patients with cirrhosis, consistent with the theory that HCC
develops in patients with progressive or advanced liver disease.
Cirrhosis is an established risk factor for HCC in patients with
HCV.® ]t is generally accepted that platelet count is a surrogate
marker of liver fibrosis.*** Platelet counts were highest in group
D. both at the start of follow-up and at the time of HCC diagnosis.
In contrast, there were no differences in platelet counts among
control patients without HCC., It is particularly worth noting that
group D had the smallest annual decline in platelet count, at Jevels
comparable to the control patients. A previous report showed that
the rate of progression of fibrosis to cirrhosis was accelerated by
aging.* The precise mechanism of this discrepancy is uncertain,
Probably, differences in patient selection might account for this
discrepancy. We hypothesize that in our study, the increased rate of
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annual decline in platelet count may be linked to accelerated
carcinogenesis occurring in the younger patients. Group D also
had the lowest values of AFP, which is considered a marker of
hepatic regeneration as well as a HCC tumor marker in viral
hepatitis.®® Taken together. this suggests a weaker inflammatory
response in older patients. Further investigation is necessary,

Why do elderly patients progress to HCC even though Liver
function appears stable? Aging is associated with a number of
events at the molecular, cellular, and physiological level that influ~
ence carcinogenesis and subsequent cancer growth.? Age may be
considered as a progressive loss of stress tolerance due to declines
in the functional reserve of multiple organ systems.*” It has been
hypothesized that age-associated declines in DNA repair®® contrib-
ute to the development of HCC. The precise relationship between
aging and hepatocarcinogenesis remains uncertain. Further assess-
ment of the role of aging in the progression of HCV is needed.

We found no difference in tumor stage among the four groups.
The younger groups A and B tended to receive curative therapy
more often than the older groups C and D. However, there were no
significant differences in survival. We hypothesize that this is due
to the aggressive multiple treatments received by elderly patients
with good liver fenction.

One limitation of our study is that histological confirmation was
available in only 234 patients (36.2%). However, it is not practical
to perform biopsies on all patients because of potential complica-
tions. Lu eral. reported that the best cutoff platelet count for
the diagnosis of cirrhosis is 150 x 10° /mm*?® Therefore, we
employed platelet count as a surrogate marker of liver fibrosis in
this study.

In conclusion, we demonstrated that elderly HCV-positive
patients (= 65 years old) with low ALT values developed HCC
regardless of their platelet counts. This finding should be taken
into account when designating the most suitable HCC surveillance
protocol. The optimal screening interval for HCV-infected patients
aged 65 years older should be three to four months like cirrhotic
patients even in the absence of cirrhosis.

References

I Umenwra T, Ichijo T, Yoshizawa K, Tanaka E, Kiyosawa K.
Epidemiology of hepatocellular carcinoma in Japan. J.
Gastroenterol. 2009; 44 (Suppl. 19): 102-7.

Kiyosawa K, Umemura T, Ichijo T er of. Hepatocellular carcinoma:
recent trends in Japan. Gastroenterology 2004; 127 (Suppl. 1)
S17-26.

Yoshizawa H. Hepatocellular carcinoma associated with hepatitis C
virus infection in Japan: projection to other countries in the
foreseeable future. Oncology 2002; 62 (Suppl. 1): 8-17.

4 Honda T, Katano Y, Urano F er al. Efficacy of ribavirin plus
interferon~alpha in patients aged >or =60 years with chronic hepatitis
C. J. Gastroenterof. Hepatol. 2007, 22: 985-95.

El-Serag HB. Hepatocellular carcinoma and hepatitis C in the United
States. Hepatology 2002; 36 (Suppl. 1): S74-83.

Shen L, Li IQ, Zeng MD, Lu LG, Fan ST, Bao H. Correlation
between ultrasonographic and pathologic diagnosis of liver fibrosis
due to chronic virus hepatitis. World J. Gastroenterol. 2006; 28;
1292-5.

I Iacobeilis A, Fusilli S, Mangia A ¢r al. Ultrasonographic and
biochemical parameters in the non-invasive evaluation of liver
fibrosis in hepatitis C virus chronic hepatitis. Aliment. Pharnacol.
Ther 2005; 22: 769-74.,

[

“w

A

[

-~

363

© 2012 Journal of Gastroenterology and Hepatology Foundation and Wiley Publishing Asia Pty Ltd



Elderly HCV-associated HCC patients

8 Caturelli E, Castellano L, Fusilli S er af. Coarse nodular US pattern
in hepatic cirrhosis: risk for hepatocellular carcinoma. Radiology
2003; 226: 691-7.

Shimizu K, Katoh H, Yamashita F et al. Comparison of carbohydrate
structures of serum o-fetoprotein by sequential glycosidase digestion

A=)

and lectin affinity electrophoresis. Clin. Chim. Acta 1996; 254: 23-40.

10 Mita Y, Aoyagi Y, Yanagi M, Suda T, Suzuki Y, Asakura H. The
usefulness of determining des-gamma-carboxy prothrombin by
sensitive enzyme immunoassay in the early diagnosis of patients
with hepatocellular carcinoma. Cancer 1998; 82: 1643-8.

1t Makuuchi M, Kokudo N, Arii S e7 al. Development of
evidence-based clinical guidelines for the diagnosis and treatment of
hepatocellular carcinoma in Japan. Heparol. Res. 2008; 38: 37-51.

12 Kudo M. Imaging diagnosis of hepatocellular carcinoma and
premalignant/borderline lesions. Semin. Liver Dis. 1999; 19:
297-309.

13 Torzilli G, Minagawa M, Takayama T er al. Accurate preaperative
evaluation of liver mass lesions without fine-needle biopsy.
Hepatology 1999; 30: 889~93.

14 Vauthey IN, Lauwers GY, Esnaola NF ¢r al. Simplified staging for
hepatocellular carcinoma. J. Clin. Oncol. 2002; 20: 1527-36.

15 Kaplan EL, Meier P. Non parametric estimation for incomplete
observation. J. Am. Srat. Assoc. 1958; 53: 457-8].

16 Petro R, Pike MC. Conservation of the approximation (0-E2)/E in
the log rank test for survival data on tumor incidence data.
Biometrics 1973; 29: 579-84.

17 Pugh RNH, Murray-Lyon IM, Dawson JL e al. Transection of the
oesophagus for bleeding oesophageal varices. Br J. Surg. 1973; 60:
646-9.

18 Miki D, Aikata H, Uka K ¢ «f. Clinicopathological features of
elderly patients with hepatitis C virus related hepatocellular
carcinoma. J. Gastroenterol. 2008; 43: 550~7.

19 Saneto H, Kobayashi M, Kawamura Y er al. Clinicopathological
features, background liver disease, and survival analysis of
HCV-positive patients with hepatocellular carcinoma: differences

364

T Kumada et al.

between young and elderly patients. J. Gastroenterol. 2008; 43:
975-81.

20 Kumada T, Toyoda H, Kiriyama S et a/, Relation between incidence
of hepatic carcinogenesis and integration value of alanine
aminotransferase in patients with hepatitis C virus infection. Gur
2007; 56: 738-9.

21 Kumada T, Toyoda H, Kiriyama S et af. Incidence of hepatacellular
carcinoma in hepatitis C carriers with nonmal alanine
aminotransferase levels. J. Heparol, 2009; 50: 729-35.

22 Oka H, Kurioka N, Kim K e7 af. Prospective study of early detection
of hepatocellular carcinoma in patients with cirthosis. Hepatology
1990; 12: 680-7.

23 Ikeda K, Saitoh S, Koida I er a/. A multivariate analysis of risk
factors for hepatocellular carcinogenesis: a prospective observation
of 795 patients witlt viral and alcoholic cirrhosis. Hepatology 1993;
18: 47-53.

24 Hamada H, Yatsuhashi H, Yano K e7 o/, Impact of aging on
the development of hepatocellular carcinoma in patients
with postteansfusion chronic hepatitis C. Cancer 2002; 95:

331-9.

25 Yatsvhashi H, Yano M. Towards control of hepatitis C in the
Asia-Pacific region. J. Gasrroenterol. Heparol. 2000; 15 (Suppl.):
E111-16.

26 Chu CW, Hwang SJ, Luo IC ¢7 al. Clinical, virologic, and
pathologic significance of elevated serum alpha-fetoprotein levels in
patients with chronic hepatitis C. J. Clin. Gastroenterol. 2001; 32:
240-4.

27 Balducci L, Extermann M. Management of cancer in the older
person: a practical approach. Oncologisr 2000, 5: 224-37,

28 Goukassian D, Gad F, Yaar M, Eller MS, Nehal US, Gilchrest BA.
Mechanisms and implications of the age-associated decrease in DNA
repair capacity. FASEB J. 2000; 14: 1325-34.

29 Lu SN, Wang JH, Liu SL ef al. Thrombocytopenia as a surrogate for
cirrhosis and a marker for the identification of patients at high-risk
for hepatoceliular carcinoma. Cancer 2006 107: 2212-22,

Journal of Gastroenterology and Hepatology 28 (2013) 357-364

© 2012 Journal of Gastroenterology and Hepatology Foundation and Wiley Publishing Asla Pty Ltd



Journal of Medical Virology 85:228-234 (2013)

Comparison of the Efficacy of Ribavirin Plus
Peginterferon Alfa-2b for Chronic Hepatitis
C Infection in Patients With and Without

Coagulation Disorders

Takashi Honda,! Yoshiaki Katano,'* Teiji Kuzuya,' Kazuhiko Hayashi,* Masatoshi Ishigami,’
Akihiro Ttoh,! Yoshiki Hirooka,! Isao Nakano,! Tetsuya Ishikawa,! Hidenori Toyoda,?
Takashi Kumada,? Koji Yamamoto,® Tadashi Matsushita,® Tetsuhito Kojima,? Junki Takamatsu,*

and Hidemi Goto®

1Department of Gastroenterology and Hepatology, Nagoya University Graduate School of Medicine, Nagoya, Japan
2Department of Gastroenterology, Ogaki Municipal Hospital, Ogaki, Gifu, Japan
3Department of Transfusion Medicine, Nagoya University Hospital, Nagoya, Japan

4Aichi Blood Center Japanese Red Cross, Seto, Japan

Many patients with coagulation disorders are
infected with hepatitis C virus (HCV) that
advances to end stage liver disease, resulting
in an increased number of deaths. The efficacy
of ribavirin and peginterferon combination
therapy for chronic HCV infection in patients
with coagulation disorders has not been clari-
fied fully. The aim of this study was to evalu-
ate the efficacy and tolerability of combination
therapy in this patient population compared
with patients who are infected with HCV and
do not have coagulation disorders. A total of
226 consecutive chronic hepatitis C patients
were treated with combination therapy and
divided into two groups: patients with (n = 23)
and without coagulation disorders (n = 203).
Clinical characteristics, sustained virological
response rates obtained by an intention-to-
treat analysis, and combination therapy dis-
continuation rates were compared between
the two groups. The sustained virological
response rates did not differ significantly be-
tween patients with and without coagulation
disorders (65.2% vs. 47.8% by intention-to-
treat analysis). According to a multivariate
analysis, age, alanine aminotransferase, gamma-
glutamyltransferase, and HCV genotype were
associated significantly with a sustained viro-
logical response, whereas whether a patient
had a coagulation disorder did not affect the
sustained virological response. In conclusion,
combination therapy for chronic hepatitis C
was comparably effective between patients
with and without coagulation disorders and did
not result in adverse bleeding. J. Med. Virol.
85:228-234, 2013. © 2012 Wiley Periodicals, Inc.

© 2012 WILEY PERIODICALS, INC.

KEY WORDS: chronic hepatitis C; interferon;
ribavirin; coagulation disor-
ders; hemophilia

INTRODUCTION

Hepatitis C virus (HCV) infection is a widespread
viral infection that often leads to chronic hepatitis,
cirrhosis, and hepatocellular carcinoma. Until the
1980s, most patients with coagulation disorders
became infected with HCV because of the extensive
use of untreated factor concentrate. Some of these
patients were infected with both hepatitis C and hu-
man immunodeficiency virus (HIV) [Brettler et al,
1990; Troisi et al., 1993; Yee et al., 2000; Franchini
et al,, 2001]. These patients with liver diseases and
persistent abnormal transaminase progress to end
stage liver disease, resulting in an increased number
of liver disease-related deaths. In cases of co-infection
with the HIV, the progression of liver disease is more
rapid [Banchez-Quijano et al., 1995; Soto et al., 1997;
Benhamou et al., 1999; Ragni and Belle, 2001; De
Luca et al.,, 2002] with a higher mortality rate than
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during HCV monoinfection {Darby et al, 1997; Yee
et al., 2000). The need for treating infection with HCV
in patients with coagulation disorders is increasing
worldwide.

Sustained virological responders who are negative
for serum HCV RNA 6 months after the end of treat-
ment with interferon (IFN) are likely to remain in
virological and biochemical remission with histelogic
improvement [Marcellin et al., 1997; Shiratori et al.,
2000]. In addition, IFN therapy reduces the risk of he-
patocellular carcinoma among virological or biochemi-
cal responders [Imai et al, 1998; Tkeda et al., 1999;
Yoshida et al., 1999]. Ribavirin is now used generally
in combination with IFN or peglFN to treat chronic
hepatitis C and combination therapy is more effective
than IFN monotherapy [Lai et al., 1996; McHutchison
et al., 1998; Poynard et al.,, 1998; Manns et al., 2001].

Previous studies have investigated the efficacy of
IFN monotherapy in patients with coagulation disor-
ders and chronic hepatitis C [Makris et al., 1991], and
the efficacy of combination therapy with ribavirin and
PegIFN in patients with coagulation disorders [Fried
et al., 2002a; Mancuso et al., 2006; Posthouwer et al.,
2007]. However, there are no reported comparisons of
this combination therapy between patients infected
with HCV with and without coagulation disorders. In
this study, the efficacy and tolerability of ribavirin
plus peglFN were evaluated retrospectively in
patients with coagulation disorders and chronic hepa-
titis C and the results were compared with the
responses of patients infected with HCV but without
coagulation disorders.

MATERIALS AND METHODS
Patients and Methods

A total of 226 consecutive patients with chronic hep-
atitis C and a high viral load (serum HCV RNA levels
greater than 100 kilo-international units [KIU]) were
treated with a combination of pegIFN and ribavirin
between December 2004 and March 2007 at Nagoya
University Hospital and Ogaki Municipal Hospital.
These patients included 23 patients with coagulation
disorders (17 with hemophilia A, 4 with hemophilia B,
and 2 with von Willebrand disease). All patients were
under 75 years old, were anti-HCV antibody-positive,
and had serum HCV RNA levels greater than
100 KIU/ml by quantitative PCR assay (Amplicor GT-
HCV Monitor Version 2.0; Roche Molecular Systems,
Pleasanton, CA) within 12 weeks preceding the thera-
peutic period. Patients were excluded if they had pre-
treatment hemoglobin (Hb) levels <10 g/dl, tested
positive for serum hepatitis B surface antigen, a histo-
ry of drug addiction, alcohol abuse, autoimmune hepa-
titis, primary biliary cirrhosis, a serious psychiatric or
medical illness, or were pregnant. To exclude patient
bias, only complete cohorts from each hospital were
enrolled. HCV genotypes were determined by PCR
using genotype-specific primers [Okamoto et al., 1994;
Simmonds et al., 1994).
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All patients were treated with 1.5 pg/kg of peglFN
a-2b (Peg-Intron®, MSD, Tokyo, Japan) once weekly
for 24 weeks in patients infected with HCV genotype
2 or 3 and for 48 weeks in patients infected with HCV
genotype 1 or 4. For the 17 patients infected with
HCV genotype 1, the treatment duration was extend-
ed to 72 weeks because of higher efficacy compared to
that obtained after 48 weeks of treatment, but only in
cases in which HCV RNA was positive at 12 weeks
and negative at 24 weeks from the start of therapy.
Treatment was discontinued when a patient’s Hb con-
centration fell below 8.5 g/dl because of drug-induced
hemolytic anemia or when a patient’s white blood cell
count fell below 1,000/mm?, neutrophil count fell be-
low 500/mm?® or platelet ¢count fell below 50,000/mm?.
Some patients discontinued treatment because the vi-
rus could not be eradicated after 24 weeks, as deter-
mined by the physician. The pegIFN alfa-2b dose was
reduced to 50% of the assigned dose when the white
blood cell count was below 1,500/mm?, the neutrophil
count below 750/mm® or the platelet count below
8,000/mm®, Oral ribavirin (Rebetol®, MSD, Tokyo,
Japan) was administered for the same duration as
peglFN at 600 mg/day for patients who weighed 60 kg
or less, 800 mg/day for those who weighed more than
60 kg but less than 80 kg, and 1,000 mg/day for those
who weighed more than 80 kg during the treatment
period. The ribavirin dose was reduced by 200 mg/day
when the patient’s Hb concentration fell below 10 g/dl
because of drug-associated hemolytic anemia. Ribavi-
rin was discontinued when pegIFN therapy was dis-
continued. Informed consent was obtained from each
patient and the study was performed in accordance
with the 1975 Declaration of Helsinki.

Liver Histology

Pretreatment liver biopsy specimens were classified
based on a fibrosis scale of FO to F4 (F0, no fibrosis;
F1, portal fibrosis without septa; F2, few septa; F3,
numerous septa without cirrhosis; and F4, cirrhosis)
and in terms of necroinflammatory activity on a scale
of A0 to A3 (A0, no histological activity; Al, mild ac-
tivity; A2, moderate activity; and A3, severe activity)
[Bedossa and Poynard, 1996; Fried et al,, 2002b]. In
patients with coagulation disorders, a liver biopsy was
performed using factor concentrate, provided the
patients gave informed consent.

Assessment of Efficacy

The virological response was assessed by a qualita-
tive HCV RNA assay with a lower sensitivity limit of
100 copies/ml (Amplicor HCV version 2.0; Roche Mo-
lecular Systems). According to the qualitative HCV
RNA results, responses were defined as a sustained
virological response if no HCV RNA was detected at
the end of the 24-week follow-up period after the
treatment was completed. A patient was considered to
have an end of treatment virological response if no
HCV RNA was detected at the end of treatment.

. Med. Virol, DOI 10.1002/jmv
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Compavrison of Characteristics and Treatment
Efficacy Between Patients With and Without
Coagulation Disorders

Sex ratio, age, body weight, body mass index (BMI),
baseline serum alanine aminotransferase (ALT) lev-
els, gamma-ghitamyltransferase (GGT), pretreatment
Hb level, platelet counts, HCV genotype and viral
load, histologic activity, and fibrosis were compared
between patients with and without coagulation dis-
orders. The sustained virological response rates
obtained by an intention-to-treat analysis and per-
protocol analysis, ribavirin and pegIFN dose reduction
rates, and combination therapy discontinuation rates
were compared between the two groups. The end of
treatment virological response rate was obtained by
intention-to-treat and per-protocol analyses and then
compared between the two groups. Next, the variable
accession method in a multivariate analysis was used
to examine factors associated with a sustained viro-
logical response after combination therapy, including
the following factors: sex, age, BMI, baseline serum
ALT, GGT, platelet counts, genotype, HCV RNA con-
centration, and presence of a coagulation disorder.

Because efficacy differed by the HCV genotype and
the patient age, and since all coagulation disorder
patients were male, the analysis focused on male,
age-matched patients infected with HCV genotype 1.
The characteristics and efficacy of treatment were
compared in males, and age-matched patients with
and without coagulation disorders who were infected
with HCV-genotype 1.

Statistical Analysis

Values are expressed as the means + SDs.
Between-group differences in mean quantitative val-
ues were analyzed by Student’s ¢-test, and differences
in nonparametric data were analyzed by the Mann—
Whitney U-test. Differences in proportions were
examined by the Chi-squared test. Multiple logistic
regression analysis was used to identify factors
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related to a sustained virological response. All statisti-
cal analyses were performed using SAS software (SAS
Institute, Cary, NC). All P values were two-tailed,
and P < 0.05 was considered statistically significant.

RESULTS
Patient Characteristics

The patients included 127 men and 99 women aged
22~-74 years (mean =+ SD, 54.7 & 11.6). The mean
age of patients without coagulation disorders was
56.3 = 10.9 years and most patients were in their 50s
and 60s. In contrast, the mean age of patients with
coagulation disorders was 41.5 & 9.8 years with an
age distribution ranging from 20 to 50 years. The clin-
ical characteristics of the two study groups are shown
in Table 1. All patients with coagulation disorders in
this study were male because of inherited, sex-linked
hemophilia, and two patients in this study had male
von Willebrand disease, Patients with coagulation dis-
orders were significantly younger than patients with-
out coagulation disorders (P < 0.0001). Although body
weight was not different between the two groups,
patients with coagulation disorders had a significantly
lower BMI than patients without coagulation disor-
ders. Patients without coagulation disorders were
infected with HCV genotypes that are not unique to
Japan, such as genotypes la, 3a, and 4a. Four
patients with coagulation disorders were infected with
human immunodeficiency virus and one of these
patients had achieved a sustained virological response.

Response to Therapy

The ribavirin dose reduction rate tended to be
higher in patients without coagulation disorders than
in patients with coagulation disorders (P = 0.0643).
The treatment discontinuation rate did not differ sig-
nificantly between the two groups. As a result, the
sustained virological response rate by an intention-to-
treat analysis did not differ significantly between the

TABLE I. Clinical Characteristics of Patients Treated With Combination Therapy

Patients without Patients with
Total patients coagulation disorders coagulation disorders

{n = 226) (n = 203) (n = 23) P value
Sex ratio (maleffemale) 127/99 104/99 23/0 <0.0001
Age (years) 547+ 11.6 56.3 + 10.9 415+ 9.8 <0.0001
Body weight (kg) 60.2 + 11,1 60.5 + 11.5 605 £ 81 0.9972
Body mass index 22.9 + 3.1 23.1 £ 8.1 215425 0.0226
Baseline serum ALT (TU/L) 63.3 + 56.8 60.9 £ 54.9 844 1 69.1 0.0598
GGT dU/L) 54.2 + 63.9 51.4 +62.2 78.6 £ 74.4 0.0526
Hemoglobin (g/dl) 1414 1.3 141 +£1.3 144+13 0.2714
Platelets (x 10%/ul) 178 £ 5.2 177+ 5.2 19.0 £ 5.6 0.2597
Genotype (12/1b/2a/2b/3a/4a) 7/160/40/15/3/1 0/150/39/14/0/0 7/10/1/1/3/1 <0.0001
HCV RNA (KIU/ml) 1,898.0 + 1,448.3 1,923.1 & 1,464.5 1,676.6 + 1,305.1 0.4404
Activity (AO/A1/A2/A3) 2/108/71/11 2/101/64/11 0/7/7/0 0.3442
Fibrosis (FO/F1/F2/F3) 17/104/49/22 16/97/45/20 1/7/4/2 0.5351

ALT, alanine aminotransferase; GGT, gamma-glutamyltransferase; HCV RNA, hepatitis C virus RNA; KIU, kilo-international units,
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TABLE 1I. Efficacy of Combination Therapy

. Patients without Patients with
Total patients coagulation disorders coagulation disorders

(n = 226) (n = 208) (n=23) P value
SVR rate (intention-to-treat) 48.6 (112/226) 47.8 (97/203) 65.2 (15/23) 0.1130
SVR rate (per-protocol) 54.4 (111/204) 52.7 (97/184) 70.0 (14/20) 0.1405
ETR rate (intention-to-treat) 84.1 (190/226) 84.7 (172/203) 78.3(18/23) 0.4218
ETR rate (per-protocol) 89.1 (179/201) 89.6 (163/182) 84.2 (16/19) 0.4772
Ribavirin dose reduction rate 44.2 (100/226) 46.3 (94/203) 26.1 (6/23) 0.0643
PegIFN dose reduction rate 34.1 (77/226) 33.5 (68/203) 39,1 (9/23) 0.5891
Combination therapy discontinuation rate 9.8 (22/226) 9.4 (19/203) 13.0 (3/23) 0.5722

SVR, sustained virologieal response; ETR, end of treatment virclegical responss; PeglFN, peginterferon.

two groups. The sustained virclogical response rate of
patients with coagulation disorders by a per-protocol
analysis was higher than that of patients without co-
agulation disorders, but there was no significant dif-
ference. In addition, based on both intention-to-treat
and per-protocol analyses, the end of treatment viro-
logical response rate did not differ significantly be-
tween the two groups (Table II).

Factors associated with a sustained virological re-
sponse in combination therapy were determined by a
multivariate analysis. HCV genotype 1 and 4 versus 2
and 8 (P = 0.001, odds ratio 4.353 [95% CI, 1.810~
10.469]), baseline serum GGT (P = 0.003, odds ratio
1.018 [1.006-1.030D), age (P = 0.0086, odds ratio 1.053
[1.015-1.093]), and baseline serum ALT (P = 0.014,
odds ratio 0.991 [0.983-0.998]) were associated signifi-
cantly with a sustained virological response, but
whether or not a patient had a coagulation disorder
was not associated significantly with a sustained viro-
logical response.

Characteristics and Response of Male,
Age-Matched Patients Infected
With HCV Genotype 1

The clinical characteristics of the two study groups
in the male, age-matched patients infected with HCV
genotype 1 are shown in Table II1. Body weight, BMI,
and Hb levels were significantly lower in patients

with coagulation disorders than patients without co-
agulation disorders (P = 0.0003, 0.0027, and 0.0103,
respectively).

The treatment discontinuation rate of patients with
coagulation disorders did not differ between the two
groups. The sustained virological response rate by in-
tention-to-treat and per-protocol analyses did not dif-
fer significantly between the two groups (Table IV).
Factors associated with a sustained virological re-
sponse in the male, age-matched, genotype 1 patients
treated with combination therapy were determined by
a multivariate analysis. BMI (P = 0.036, odds ratio
1.810 [1.041-8.145)) and baseline serum GGT
(P = 0.087, odds ratio 0.981 [0.963-0.999]) were asso-
ciated significantly with a sustained virological re-
sponse, but whether or not a patient had a
coagulation disorder was not associated significantly
with a sustained virological response.

Adverse Events

The reasons for discontinuing combination therapy
and the times at which the therapy was discontinued
are shown in Table V. Once treatment was discontin-
ued, therapy was not restarted even after the initial
symptoms or illness disappeared. There were no
bleeding episodes in the patients with coagulation
disorders, including patients who received a liver
biopsy.

TABLE III. Clinical Characteristics of Male, Age-Matched Patients With Genotype 1 Treated With Combination Therapy

Patients without Patients with
Total patients coagulation disorders coagulation disorders

(n = 86) (n=18) (n=18) P value
Age (years) 42.8 £ 8.0 449 + 5.9 40.7 £ 9.3 0.1136
Body weight (kg) 66.1 + 110 734 4 9.3 60.4 4= 8.7 0.0003
Body mass index 22.7 + 2.8 243+23 214 +£25 0.0027
Baseline serum ALT (TU/L) 69.8 & 54.3 63.5 + 31.7 76.2 + 70.5 0.4919
GGT (TU/L} 727 + 64.2 74.3 £ 71.1 71.2 £ 58.5 0.8869
Hemoglobin (g/dl) 1494 1.2 154 + 1.0 144 £1.2 0.0103
Platelets (x10%/u]) 193+ 54 18.8 4 4.5 19.8 & 5.6 0.5773
HCV RNA (KIU/ml) 2,050.8 + 1,273.4 2,322.8 + 1,249.1 1,778.8 + 1,273.5 0.2044
Activity (AO/A1/A2/AB) 0/12/11/0 0/6/5/0 0/6/6/0 0.6723
Fibrosis (FO/F1/F2/F3) 2/11/8/2 1/5/4/1 1/6/4/1 0.9392

ALT, alanine aminofransferase; GGT, gamma-glutamyltransferase; HCV RNA, hepatitis C virus RNA; KIU, kilo-international unit.
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TABLE IV. Efficacy of Combination Therapy in Male, Age-Matched Patients With Genotype 1
Patients without Patients with
Total patients coagulation disorders coagulation disorders

(n = 36) (n = 18) (n=18) P value
SVR rate (intention-to-treat) 58.3 (21/36) 61.1(11/18) 55.6 (10/18) 0.7353
SVR rate (per-protocol) 69.0 (20/29) 64.7 (11/17) 75.0 (9/12) 0.5551
ETR rate (intention-to-treat) 77.8 (28/36) 83.3 (15/18) 72.2 (13/18) 0.4227
ETR rate (per-protocol) 93.1 (27/29) 88.2 (15/17) 100.0 (12/12) 0.2182
Ribavirin dose reduction rate 22.2 (28/36) 16.7 (3/18) 27.8 (5/18) 0.7175
PegIFN dose reduction rate 36.1(13/36) 27.8 (5/18) 44.4 (8/18) 0.2979
Combination therapy discontinuation rate 5.6 (2/36) 0(0/18) 16.7 (3/18) 0.0704

SVR, sustained virological response; ETR, end of treatment virological response; PegIFN, peginterferon,

DISCUSSION

A previous randomized trial in patients infected
with HCV with inherited bleeding disorders showed
that the sustained virological response rate improved
significantly for patients who were treated with IFN
and ribavirin compared to those treated with IFN
alone [Fried et al., 2002a). In addition, both chronic
hepatitis C patients with and without coagulation dis-
orders responded similarly to peglFN and ribavirin
combination therapy [Franchini et al., 2006; Post-
- houwer et al., 2006]. However, the efficacy and tolera-
bility of this combination therapy differed based on
the HCV genotype as well as the age, gender, and
race of the patients; therefore it is difficult to compare
patients with and without coagulation disorders un-
der the same conditions. No report has examined that
patients infected chronic hepatitis C with and without
coagulation disorders at the same institution and
during the same observation period. In addition, there
are no reports on the efficacy of combination therapy
in patients with chronic hepatitis C with and without
coagulation disorders in age-matched patients infected
with HCV genotype 1. Therefore, a retrospective

study was conducted to evaluate the efficacy and tol-
erability of ribavirin plus pegIFN in chronic hepatitis
C patients with and without coagulation disorders.
In the per-protocol analysis, there were no significant
differences, but the sustained virological response
rate was higher in patients with coagulation disorders
than in patients without coagulation disorders.
Mancuso et al. [2006] reported that combination ther-
apy with peglFN alfa-2b plus ribavirin is highly
efficacious in hemophiliacs with chronic hepatitis C.
In an overall analysis, patients with coagulation dis-
orders had a lower mean age than patients without
coagulation disorders. In addition, the BMI of the
patients with coagulation disorders was lower than
that of patients without coagulation disorders. A mul-
tivariate analysis showed that the HCV genotype,
baseline serum GGT, age, and baseline ALT were fac-
tors associated significantly with a sustained virologi-
cal response and whether patients had coagulation
disorders was not associated with a sustained virologi-
cal response. Age, especially younger than 40 years
old, was a good predictive factor for a sustained
virological response, as was vreporited previously
[Poynard et al., 2000; Fried et al., 2002b].

TABLE V. Reasons for Discontinuing Combination Therapy

Reason Number Weeks after starting treatment
Patients with coagulation disorders
Peritonitis due to appendicitis 1 16
Prneumoniae 1 18
No HCV eradication 3 24, 28, 29
IDDM 1 44
Patients without coagulation disorders
Fatigue 5 1,2,4919
Bleeding from duodenal varies 1 8
Dizziness 1 12
Palpitation 1 13
Cholecystitis 1 16
Symptom of Parkinson’s disease 1 16
Fundal hemorrhage 1 17
Hepatocellular carcinoma 2 19,21
Suspicion of Interstitial pneumenia 1 20
Gastric cancer 2 21, 36
Self-discontinuation 1 24
Neutropenia 1 25
Eruption 1 25
No HCV eradication 7 24, 25, 25, 27, 28, 29, 29
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These results suggest that male patients who are
infected with HCV genotype 1 and have coagulation
disorders will have a higher sustained virological re-
sponse than patients without coagulation disorders,
if the coagulation disorder patients do not discontinue
treatment. However, these results do not account for
the differences in age. Therefore, male, age-matched
patients infected with HCV genotype 1 were evaluat-
ed. The characteristics that differed between patients
with and without coagulation disorders were body
weight, BMI and baseline Hb levels.

In male, age-matched patients infected with HCV
genotype 1, the sustained virological response rate
based on both intention-to-treat and per-protocol anal-
yses was not different between patients with and
without coagulation disorders.

Using a multivariate analysis, whether patients
had coagulation disorders was not associated signifi-
cantly with a sustained virological response. Only
BMI and GGT were identified as factors associated
with a sustained virological response to combination
therapy in male, age-matched patients infected with
HCV genotype 1. A previous report showed that GGT
levels may represent a surrogate marker of tumor ne-
crosis factor-alpha expression in the liver and explain
the importance of serum analyses to in predict the
treatment outcome [Taliani et al., 2002]. Several stud-
ies revealed that GGT is one predictor of a sustained
virological response [Taliani et al., 2002, 20086; Villela-
Nogueira et al.,, 2005]. In western countries, obesity
and a high BMI are associated with the absence of a
sustained virological response to combination therapy
of pegIlFN or IFN with ribavirin [Bressler et al., 2003;
Camma et al., 2004]. However, in Japan, most of the
patients who are treated with combination therapy
are not obese and have lower BMIs than patients in
western countries. In this population, the mean BMI
was 22.7 & 2.8. In this low BMI population, a higher
BMI would be associated with a sustained virological
response. However, the reason why a low BMI is
associated with the absence of a sustained virological
response has not elucidated.

Adverse effects are thought to increase in patients
with coagulation disorders; however, there was not a
significant difference in adverse effects necessitating
discontinuation of peglFN and ribavirin between
patients with and without coagulation disorders
(18.0% vs. 9.4%). In addition, severe adverse effects
and bleeding adverse effects were not associated with
coagulation disorders. A previous report showed that
IFN and ribavirin combination therapy may reduce
the use of clotting factors in hemophilia patients with
chronic hepatitis C [Honda et al, 2005; Yamamoto
et al., 2006]. Ribavirin may reduce the side effect of
bleeding during combination therapy. In this study,
patients with coagulation disorders did not experience
an adverse effect of bleeding.

In conclusion, treatment of chronic hepatitis C
with combination therapy was effective comparably
between patients with and without coagulation
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disorders and there were no adverse effects of
bleeding.
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Both baseline predictive factors and viral
response at week 4 of therapy are reported to
have high predictive ability for sustained viro-
logic response to peginterferon and ribavirin
combination therapy in patients with hepatitis
C virus (HCV) genotype 1. However, it is not
clear how these baseline variables and week 4
response shouid be combined to predict

sustained virologic response. In this multicen--

ter study, the authors investigated the impact
of baseline predictive factors on the predictive
value of week 4 viral response. Receiver-operat-
ing characteristic curve analyses were per-
formed to evaluate the ability of week 4
reduction in HCY RNA levels to predict sus-
tained virologic response in 293 Japanese
patients infected with HCV genotype 1b. Analy-
ses were performed in all patients and in
patient subgroups stratified according to base-
line variables. Overall, week 4 viral reduction
demonstrates a high predictive ability for sus-
tained virologic response. The sensitivity,
specificity, positive predictive value (PPV), neg-
ative predictive value, and accuracy were
higher than those of viral reduction at week 12.
However, the best cut-off levels differ depend-
ing on the baseline factors and they were lower
in patients with unfavorable baseline predic-
tors. When patients had the TG/GG rs8099917
genotype, the best cut-off was markedly low
with low PPV, Week 4 viral response can be a
predictor of sustained virologic response in
patients with HCV genotype 1 and is better than
week 12 viral response. However, the cut-off
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levels should be modified based on the base-
line predictive variables. J. Med. Virol.
85:65-70, 2013. © 2012 Wiley Periodicals, Inc,
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INTRODUCTION

Although the combination antiviral therapy with
peginterferon (PEG-IFN) and ribavirin has increased
markedly the rate of patients with a sustained viro-
logic response, that is, the eradication of hepatitis C
virus (FICV), only 50% of patients infected with HCV
genotype 1 had achieved a sustained virologic re-
sponse, approximately. Several studies reported that
early HCV viral dynamics during therapy have a high
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predictive value for a sustained virologic response in
HCV genotype l-infected patients. Previous studies
reported that the response of HCV during combina-
tion therapy, that is, the changes in serum HCV
RNA levels after starting therapy, has been shown to
be an important predictor of the treatment outcome
[Zeuzem et al., 2001; Buti et al., 2002; Berg et al,
2006]. Several recent reports have emphasized the
importance of evaluating the viral dynamics at
4 weeks after starting therapy to predict a sustained
virologic response, A rapid virologic response, in
which serum HCV RNA is undetectable at 4 weeks
after starting therapy, has been a strong predictive
factor of a sustained virologic response reportedly
[Martinez-Bauer et al., 2006; Poordad et al., 2008;
Martinot-Peignoux et al, 2009; de Segadas-Soares
et al.,, 2009]. In addition to a rapid virologic response,
reduced serum HCV RNA levels at 4 weeks after
starting therapy has also been reported to have a
strong predictive value for the likelihood of achieving
sustained virologic response to PEG-IFN and ribavi-
rin combination therapy in patients infected with
HCV genotype 1 [Yu et al., 2007; Huang et al,, 2010;
Toyoda et al.,, 2011; Marcellin et al., 2012]. These
studies suggested that a reduction in HCV RNA levels
at week 4 is closely associated with the probability of
achieving sustained virologic response.

Aside from early viral response to therapy, several
baseline host and viral factors are associated with
treatment outcome. Genetic polymorphism near the
IL28B gene (xrs12979860 or rs8099917) is the stron-
gest baseline factor associated with treatment out-
come in patients with HCV genotype 1 reportedly [Ge
et al., 2009; Suppiah et al., 2009; Tanaka et al., 2009;
McCarthy et al,, 2010; Rauch et al, 2010]. In addi-
tion, studies from Japan have reported that amino
acid substitutions at residue 70 of the HCV core re-
gion and amino acids 2,209-2,248 of the NS5A region
of HCV (i.e., interferon sensitivity-determining region,
ISDR) are viral factors associated with treatment out-
come in patients with HCV genotype 1b [Enomoto
et al.,, 1996; Akuta et al.,, 2005, 2007a; Donlin et al.,
2007; Maekawa and Enomoto, 2009; Hayes et al,
2011]. Given these various predictors for a sustained
virologic response, that is, week 4 viral response and
baseline variables, how should they be combined to
predict treatment outcome more precisely? In the
present study, the authors investigated how to incor-
porate week 4 viral response to PEG-IFN and ribavi-
rin combination therapy with baseline predictive
factors to predict a sustained virologic response.

MATERIALS AND METHODS

Patients and Analyses

In this multicenter study, 682 patients who under-
went PEG-IFN alpha-2b and ribavirin combination
therapy in a standard treatment regimen at one of
the participating institutions, (Musashino Red Cross
Hospital, Kurume University Hospital, Shin-Matsudo
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Central General Hospital, Kagawa Prefectural Cen-
tral Hospital, and Ogaki Municipal Hospital) between
December 2004 and January 2010 were initially in-
cluded into the retrospective analyses. All patients
were infected with HCV genotype 1b; patients
with HCV genotype la are usually not found in the
Japanese general population. Pretreatment HCV
RNA levels were >5.0 logyo IU/ml, based on a quanti-
tative real-time PCR-based method (COBAS Ampli-
Prep/COBAS TagMan HCV Test; Roche Molecular
Systems, Pleasanton, CA; lower limit of quantifica-
tion, 1.7 logie IU/ml: lower limit of detection,
1.0 logyo IU/ml) [Colucci et al., 2007; Pittaluga et al.,
2008], because the use of ribavirin along with PEG-
IFN is not approved by Japanese National Medical
Insurance System for patients with pretreatment
HCV RNA levels <5.0 logyo IU/ml. No patients had
co-infection with hepatitis B virus or human immuno-
deficiency virus. All patients had 100% medication ad-
herence for both PEG-IFN and ribavirin during the
initial 4 weeks of therapy and 80% or more through-
out the treatment period. Among these 682 patients,
three baseline factors, genetic polymorphism near the
1L28B gene, amino acid substitution at residue 70 of
the HCV core region, and ISDR sequence had been
measured prior to treatment in 405 patients. We ex-
chuded 112 of these 405 patients with extended treat-
ment duration up to 72 weeks because the extension
of treatment duration might influence outcomes, leav-
ing 293 patients who underwent 48-week standard
regimen included in the final sample (Fig. 1).

Receiver-operating characteristic (ROC) analyses
were performed to evaluate the value of week 4
reduction in HCV RNA levels in predicting sustained
virologic response and an area under the ROC curve
(AUROC) was generated. Best cut-off levels were de-
termined based on the sensitivity and specificity. Sen-
sitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV), and accuracy were
also calculated using these cut-off levels. Analyses
were performed for all patients and subgroups accord-
ing to baseline variables. The same analyses were
performed on the reduction in HCV RNA levels at
week 12 after starting therapy.

The study protocol was in compliance with the
Helsinki Declaration and was approved by the ethics
committee of each participating institution.

Measurements of Serum HCV RNA Levels, Amino
Acid Substitution at Residue 70 in the HCV Core,
Amino Acid Sequence of ISDR, and Genetic
Polymorphism Near the IL28B Gene

After each patient gave informed consent, serum
samples were obtained during the patient’s regular
hospital visits just prior to beginning treatment, every
4 weeks during the treatment period, and during the
24-week follow-up period after treatment. Serum sam-
ples were stored at —80°C until they were analyzed.
HCV RNA levels were measured using a quantitative
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Patients with chronic hepatitis infecled with HCV genotype 1b and pretreatment HCV RNA levals 25.0 log;, IU/mL
who underwent antiviral therapy with peginterferon alpha-2b and ribavirin between December 2004 and January 2010. (N=682)

\ 4

Three baseline predictive factors were evafuated. (N=405)

b

Study patients. (N=293)

ey G@NEMC polymarphism near the /£288 gene was not measured. (N=153)
sy Aming acid substitution at residue 70 of HCV care reglon was not measured. (N=119)

o eey - AInG acid sequence of the interferon sensitivity-determining region was not measured. {(N=5)

et Tre@tment duration was exiended up to 72 weeks. (N=112)

Fig. 1. Schematic representation of the study patients.

real-time PCR-based methed (COBAS AmpliPrep/
COBAS TagMan HCV Test). The reductions in HCV
RNA 4 and 12 weeks after starting therapy were cal-
culated based on the pretreatment HCV RNA levels.
When caleulating the reduction in HCV RNA levels,
HCV RNA concentration was defined as zero when
HCV RNA was undetectable (i.e., rapid virologic re-
sponse at week 4 and complete early virologic re-
sponse at week 12},

Amino acid 70 of the HCV core region and the ami-
no acid sequence of the ISDR were analyzed by direct
nucleotide sequencing of each region as described pre-
viously [Enomoto et al., 1996; Akuta et al., 2007b].
The following PCR primer pairs were used for direct
sequencing of the HCV core region:

5-GCCATAGTGGTCTGCGGAAC-3' (outer, sense
primer), 5'-GGAGCAGTCCTTCGTGACATG-3' (outer,
antisense primer), 5-GCTAGCCGAGTAGTGTT-8' (in-
ner, sense primer), and §-GGAGCAGTCCTTCGTGA
CATG-3' (inner, antisense primer). The following PCR
primers were used for direct sequencing of ISDR: 5/~
TTCCACTACGTGACGGGCAT-3' (outer, sense prim-
er), 5-CCCGTCCATGTGTAGGACAT-3' (outer, anti-
sense primer), 5-GGGTCACAGCTCCCTGTGAGCC-3
(inner, sense primer), and 5-GAGGGTTGTAATCCG
GGCGTGC-3 (inner, antisense primer). When evalu-
ating the ISDR, HCV was defined as wild-type
when there were zero or one amino acid substitutions
in residues 2,209-2,248 as compared with the HCV-J
strain [Kato et al,, 1990], and as non-wild-type when
there was more than one substitution.

Genotyping of rs8099917 polymorphisms near the
IL28B gene was performed using the TagMan SNP
assay (Applied Biosystems, Carlsbad, CA) according
to the manufacturer’s guidelines. A pre-designed and
functionally tested probe was used for rs8099917
(C_11710096_10, Applied Biosystems). Genetic poly-
morphism of rs8099917 reportedly corresponds to

rs12979860 in more than 99% of individuals of Japa-
nese ethnicity [Tanaka et al,, 2010]. The TT genotype
of rsB099917 corresponds to the CC genotype of
rs12979860, the GG genotype of rs8099917 corre-
sponds to the TT genotype of rs12979860, and the TG
heterozygous genotype of rs8099917 corresponds to
the CT of rs12979860.

RESULTS
Patients Characteristics and Baseline Variables

Table I summarizes patient characteristics. The
polymorphism of rs8099917 was TT genotype in 204
patients (69.6%). Amino acid substitution at residue
70 was arginine in 200 patients (68.3%). HCV-ISDR
was non-wild-type in 78 patients (26.6%). All these
variables (TT genotype of rs8099917, arginine at resi-
due 70, and non-wild-type ISDR) were reportedly as-
sociated with favorable response to therapy.

As a final outcome, 113 patients (38.6%) achieved
sustained virologic response. Sensitivity, specificity,
PPV, NPV, and accuracy were 97%, 48%, 54%, 97%,
and 67%, respectively, according to genotypes of
rs8099917 near the ZL28B gene. They were 85%, 42%,
48%, 82%, and 59%, respectively, according to amino
acid substitutions at residue 70 in the HCV core re-
gion, and 43%, 84%, 63%, 70%, and 78%, respectively,
according to ISDR of HCV NS5A region.

Association Between Week 4 Viral Reduction and
Treatment Outcome Based on Baseline
Predictive Factors

Table II shows the predictive value of a reduction in
serum HCV RNA levels at week 4 of therapy in all
patients and based on each baseline predictive vari-
able. Week 4 viral reduction demonstrates a high pre-
dictive ability for a sustained virologic response with
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TABLE 1. Characteristics of Study Patients
Age (years), median (range) 60 (20-80)
Sex (male/female) (%) 150 (51.2)/143 (48.8)
BMI, median (range) 22.6 (15.8-33.3)
201 (68.6)/92 (31.4}

Prior treatment for HCV (no/yes) (%)

Initial dose of PEG-IFN (pg), median (range)

Initial dose of ribavirin (mg), median (range)

Pretreatment HCV RNA levels (logyo IU/ml), median (range)
Platelet count (x10%ul)

Hemoglobin (g/dl)

Neutrophil count (uI™*)

Alanine aminotransferase (IU/L)

Genetic polymorphisms of rs80998917 (TT/TG or GG) (%)

Amino acid at residue 70 of HCV core (arginine/glutamine or histidine) (%)

Amino acid sequence of ISDR (non-wild-typefwild-type) (%)

80.0 (40.0-150.0)
600 (200-1,000)
6.1 (5.0-7.4)
159 (48-373)
13.9 (8.6-18.1)
2,430 (4,670-7,480)
49 (10-485)
204 (69.6)/89 (30.4)
200 (68.3)/93 (31.7)
78 (26.6)/215 (73.4)

(N = 2983},

BMI, body mass index; HCV, hepatitis C virus; PEG-IFN, peginterferon; ISDR, interferon sensitivity-determining region.

a high AUROC in all patients, in which sensitivity,
specificity, PPV, NPV, and accuracy were more than
80%. The best cut-off for the prediction was 3.1-logyg
reduction. When patients were stratified according to
baseline predictive factors, AUROC remained above
0.85, indicating retention of high predictive ability.
However, the best cut-off levels differ depending on
baseline factors, and they were lower in patients with
unfavorable baseline predictors (TG/GG genotype of
rs8099917 near the IL28B gene, glutamine/histidine
at residue 70 of the HCV core region, and wild-type of
ISDR). Especially, when patients had the TG/GG
158099917 genotype, the calculated best cut-off level
was markedly lower than that of patients with the TT
genotype. Sensitivity, specificity, PPV, NPV, and accu-
racy were more than 70% in all patient subgroups, ex-
cept for patients with the TG/GG genotype in whom
PPV was only 10%.

Association Between Week 12 Viral Reduction
and Treatment Outcome Based on Baseline
Predictive Factors

Table IIl shows the predictive value of a reduction
in serum HCV RNA levels at week 12 of therapy in all
patients and based on each baseline predictive vari-
able. The predictive ability of week 12 viral reduction

for sustained virologic response was decreased in com-
parison to that of week 4 with a low AUROC in all
patients. The specificity, PPV, and accuracy of the
prediction at week 12 were also lower than those at
week 4. The best cut-off levels increased to 5.0-logyo
reduction. When patients were stratified according to
the genetic polymorphisms of rs8099917 near the
IL28B gene and according to amino acid substitutions
at residue 70 of the HCV core region, the differences
of the best cut-off levels based on these baseline fac-
tors were less marked than those at week 4, although
the best cut-off levels remained lower in patients with
unfavorable baseline predictors. The difference of best
cut-off levels between patients with TT genotype and
with TG/GG genotype of rs8099917 also decreased,
but PPV in patients with TG/GG genotype remained
low (21%). In contrast, the difference in the best cut-
off levels increased when patients were stratified
according to amino acid sequences in ISDR. The best
cut-off level of the reduction in HCV RNA levels at
week 12 for predicting sustained virologic response
was higher in patients with HCV of wild-type ISDR,
an unfavorable baseline variable, than in patients
with HCV of favorable non-wild-type ISDR, which
was inverse to the evaluation with week 4 viral reduc-
tion in which the cut-off level was higher in patients
with HCV of non-wild-type ISDR.

TABLE II. AUROC, Best Cut-Off Level, Sensitivity, Specificity, PPV, NPV, and Accuracy of the Reduction in Serum HCV
RNA Levels 4 Weeks After Starting PEG-IFN and Ribavirin Combination Therapy From Pretreatment Levels for Predicting
Sustained Virologic Response

N AUROC Bestcut-off Sensitivity (%) Specificity (%) PPV (%) NPV(%) Accuracy (%)
Overall 293 0.92746 3.1 logio 88 87 81 92 87
IL28B-TT 204 0.88353 8.2 logio 87 78 82 84 83
I1L28B-TG or GG 89 0.84302 1.1 log1p 100 69 10 100 70
Core 70-R 200 0.91023 3.2 logyo 86 83 82 87 85
Core 70-Q or H 93 0.24350 2.8 logie 88 93 75 97 92
ISDR-non-wild type 78 0.93455 3.0 logyo 90 90 94 84 90
ISDR-wild type 215 0.92654 2.9 logio 92 84 71 96 87

AUROQC, area under the receiver-operating characteristics curve; PPV, positive predictive value; NPV, negative predictive value; HCV,
hepatitis C virus; PEG-IFN, peginterferon; R, arginine; Q, glutamine; H, histidine; ISDR, interferon sensitivity-determining region.
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TABLE III. AURQC, Best Cut-Off Level, Sensitivity, Specificity, PPV, NPV, and Accuracy of the Reduction in Serum HCV
RNA Levels 12 Weeks After Starting PEG-IFN and Ribavirin Combination Therapy From Pretreatment Levels for
Predicting Sustained Virologic Response

N AUROC Bestcut-off Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)
Overall 293 0.86907 5.0 logyg 88 73 67 91 79
IL28B-TT 204 0.79216  5.11 ogip 81 61 70 73 71
IL28B-TG or GG 8% 092829 4.6 logyg 100 87 21 100 88
Core 70-R 200 0.81791 5.0 logio 88 63 69 86 75
Core 70-Q or H 93 0.94272 4.9 logye 100 84 59 100 87
ISDR-non-wild type 78 0.87298 5.0 Jogye 88 79 88 79 85
ISDR-wild type 215 0.89572 5.4 logyo 84 79 63 92 81

AUROC, area under the receiver-operating characteristics curve; PPV, positive predictive value; NPV, negative predictive value; HCV,
hepatitis C virus; PEG-IFN, peginterferon; R, arginine; Q, glutamine; H, histidine; ISDR, interferon sensitivity-determining region,

DISCUSSION

This study was conducted to confirm the predictive
value of week 4 viral dynamics of HCV for predicting
sustained virologic response to the combination thera-
py with PEG-IFN and ribavirin in patients infected
with HCV genotype 1 and with pretreatment HCV
RNA levels of >5.0 logip IU/ml in a large multicenter
study of Japan. The comparison of the predictability
for sustained virologic response between week 4 and
week 12 viral reductions revealed the higher predic-
tive ability of week 4 viral response. In a recent study,
Marcellin et al., [2012] suggested that a >3 log;q re-
duction in HCV RNA levels at week 4 of PEG-IFN
and ribavirin combination therapy is a reliable factor
for predicting sustained virologic response in patients
with HCV genotype 1. Our current results are consis-
tent with their analysis for patients with HCV geno-
type 1b and those with pretreatment HCV RNA levels
>5.0 logyo JU/ml overall. The reduction in HCV RNA
levels at week 4 appears to be a good and reliable pre-
dictor for a sustained virologic response. Although
week 12 viral response (i.e., early virologic response)
has been used as a pivotal decision criterion to extend
treatment duration or to discentinue treatment, the
predictive value is lower when the reduction in HCV
RNA levels is compared to week 4 viral response.

When patients were stratified based on haseline
predictive factors, however, the best cut-off levels for
sustained virologic response were not constant. The
cut-off levels decreased in patients with unfavorable
baseline factors, that is, TG/GG genotype of
rs8099917, glutamine/histidine at residue 70 of the
HCV core region, and wild-type sequence of ISDR, in-
dicating that the reduction in HCV RNA occurs slowly
in patients with these unfavorable baseline variables.
Conversely and paradoxically, the results may indi-
cate that one can expect sustained virologic response
in patients with a smaller reduction in HCV RNA lev-
els at week 4 if they have unfavorable baseline
variables.

When predictive value was evaluated using week 12
viral reduction, the best cut-off levels remained
lower in patients with unfavorable TG/GG rs8099917
genotype and patients with HCV of unfavorable

glutamine/histidine at residue 70 of the HCV core
region. In contrast, the best cut-off level was higher in
patients with HCV of unfavorable wild-type ISDR,
Previous studies reported the association between
the genetic polymorphisms near the IL28B gene
(rs12979860 and rs8099917) and amine acid substitu-
tion at residue 70 of HCV core region [Abe et al,,
2010; Kobayashi et al., 2010], whereas no associations
were reported between these two variables and ISDR
mutation. This might explain the difference in the re-
lationship of early viral response during therapy be-
tween with two baseline predictive factors, IL28B
genetic polymorphisms and amino acid substitution of
HCV core region and with ISDR mutation.

The calculated PPV was markedly low in patients
with the unfavorable TG/GG genotype of rs8099917
(CT/TT genotype of rs12979860) both by the evalua-
tions at weeks 4 and 12 viral responses. Therefore, it
appears to be difficult to identify patients in this sub-
group who are likely to achieve a sustained virologic
response by their week 4 viral response, although
week 4 viral response can be a factor used to identify
patients with a high likelihood of achieving sustained
virologic response in other subgroups.

In conclusion, week 4 viral response can be a pre-
dictor of sustained virologic response in patients with
HCV genotype 1. However, the cut-off levels should be
modified based on baseline host and viral predictive
variables. In addition, week 4 viral response is not
predictive in patients with unfavorable genotype of
genetic polymorphism near the IL28B gene.
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Abstract

HSP20 (HSPB6), one of small heat shock proteins (HSPs), is constitutively expressed in various tissues and has several
functions. We previously reported that the expression levels of HSP20 in human hepatocellular carcinoma (HCC) cells
inversely correlated with the progression of HCC, and that HSP20 suppresses the growth of HCC cells via the AKT and
mitogen-activated protein kinase signaling pathways. However, the exact mechanism underlying the effect of HSP20 on the
regulation of these signaling pathways remains to be elucidated. To clarify the details of this effect in HCC, we explored the
direct targets of HSP20 in HCC using human HCC-derived HuH7 cells with HSP20 overexpression. HSP20 proteins in the
HuH7 cells were coimmunoprecipitated with the p85 regulatory subunit and p110 catalytic subunit of phosphoinositide 3~
kinase {PI3K), an upstream kinase of AKT. Although HSP20 overexpression in HCC cells failed to affect the expression levels
of PI3K, the activity of PI3K in the unstimulated cells and even in the transforming growth factor-a stimulated cells were
downregulated by HSP20 overexpression. The association of HSP20 with PI3K was also observed in human HCC tissues
in vivo. These findings strongly suggest that HSP20 directly associates with PI3K and suppresses its activity in HCC, resulting
in the inhibition of the AKT pathway, and subsequently decreasing the growth of HCC.
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particularly versatile functions, and is associated with processes

introduction
ranging from insulin resistance, to the prevention of vasospasms, to

Heat shock proteins (HSPs) are induced by a variety of stresses,
such as heat and chemical stress [1]. HSPs have recently been
classified into seven groups, including HSPA (HSP70), HSPB
(small HSPs), HSPC (HSP90) and HSPH (HSP110} [2,3]. High-
molecular-weight HSPs, such as HSPA (HSP70), HSPC (HSP90)
and HSPH (HSP110), have been well characterized and are
recognized to act as molecular chaperones which prevent the
aggregation of unfolded proteins, giving them a cytoprotective
function [1,4). On the other hand, the human genome also
encodes at least 10 small HSPs [3,5]. Small HSPs (HSPB) with
monomeric molecular masses ranging from 15 to 30 kDa, such as
HSP27 (HSPBI), aB-crystallin (HSPB5) and HSP20 (HSPB6) are
constitutively expressed in cells and tissues such as skeletal, smooth
and cardiac muscles. The HSPB family is currently considered to
play essential roles, such as in protein intracellular transport and in
protecting the cytoskeletal architecture {3]. The small HSPs have
significant similarities in terms of their amino acid sequences,
known as the o-crystallin domain [3,6]. Among the ten known
small HSPs, it has been shown that HSP20 (FSPB6) has
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airway smooth muscle relaxation, and also has been demonstrated
to have a protective function in the heart [7-10]. We have
previously shown that HSP20 acts extracellularly to inhibit the
platelet aggregation induced by thrombin or botrocetin [11,12].
However, the exact roles of HSP20 have not yet been fully
clarified.

Human hepatocellular carcinoma (HCC) is the fifth most
common cancer and is the third leading cause of cancer-related
death worldwide. Even after resection of the primary tumor,
recurrence is common, and the survival rate is 30—40% at five-year
post-surgery [13]. There is accumulating evidence that the growth
factor receptor signaling pathways are dysregulated in human
HCG [14,15]. Phosphoinositide 3-kinase (PI3K) phosphorylates
phosphatidylinositol lipids in response to various growth factors.
PI8K, which transmit signals from growth factor receptor tyrosine
kinases (RTKs), consists of heterodimers of the p83 regulatory
subunit and the pl10 catalytic subunit [16-18]. The primary
function of the p85 regulatory subunit is to bind, stabilize and
inhibit the pl110 catalytic subunit until RTK activation [19,20].
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The p110 catalytic subunit of activated PISK converts the plasma
membrane lipid phosphatidylinositol-4,5-bisphosphate (PIP2) to
phosphatidylinositol-3,4,5- triphosphate (PIP3).

The p!10 catalytic subunit is encoded by three genes, ¢, B and
8. The pll0a and pll10B isoforms are ubiquitously expressed,
while p1103 is largely leukocyte-specific [21]. Phosphatase and
tensin homologue (PTEN), a phosphatase that catalyzes the
dephosphorylation of the 3 position of PIP3, plays an important
role as a negative regulator of the PISK-AK'T pathway [16,17].
Phosphoinositide-dependent kinase 1 (PDK1), which is associated
with PIP3, stimulates the phosphorylation of AKT, resulting in its
activation. The activation of the AKT pathway affects cell growth,
the cell eycle, cell survival and cytoskeletal rearrangement [16,18].
Constitutive PISK-AKT activation reportedly induces cancers of
the endometrium, thyroid, prostate, breast, intestine and liver
[18].

Studies on the pathogenesis of HCC have identified mutations
in PI3K [13], and knockdown of the p85 regulatory subunit of
PI3K in the mouse liver activates AKT and induces aggressive and
high-grade HCG [22]. In our previous study [23,24], we reported
that the HSP20 expression levels inversely correlate with the TNM
stage of human HCC, and that the overexpression of HSP20 in
human HCC-derived HuF7 cells represses cell proliferation. The
activation of the AKT pathway and the mitogen-activated protein
kinases pathways, including the extracellular signal-regulated
kinase (ERK) and c-Jun N-terminal kinase pathways induced by
either transforming growth factor-o (TGFd) or hepatocyte growth
factor, are suppressed in HSP20-overexpressing cells [24].
However, the exact mechanisms behind the effects of HSP20 in
HCC remain to be elucidated.

The aim of this study was to clarify the direct target of HSP20
involved in the inhibition of the AKT pathway in HCC., We
herein demonstrate that HSP20 interacts with PI3K and
downregulates its activity in HCC.

Materials and Methods

Antibodies, Chemicals and Plasmids

HSP20 antibodies were purchased from Enzo Life Sciences Inc.
(Farmingdale, NY, USA) and EMD Millipore Corp. (Billerica,
MA, USA). Antibodies agamst PI3K p85, PI3K pll10c, PI3K
pl10B, ERK (p44/p42 mitogen-activated protein kinasc), MEK,,
Ras, AKT, phospho-AKT (Ser-473), phospho-AKT (Thr-308),
PTEN and rabbit-lgG (peroxidase-conjugated, conformation
specific) were purchased from Cell Signaling Technology, Inc.
(Danvers, MA, USA). Glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH) antibodies and rabbit IgG were purchased from
Santa Cruz Biotechnology Inc. (Santa Cruz, CA, USA), Wild-type
human HSP20 cDNA {clone ID 6074542), which was obtained
from Open Biosystems, Inc. (Huntsville, AL, USA), was subcloned
into the eukaryotic expression vector, pcDNA 3.1(), as described
previously [24]. The eukaryotic expression vector, pcDNA 3.1(),
Dynabeads protein A and Trizol reagent were purchased from
Life Technologies Corp. (Carlsbad, CA, USA). Recombinant
human TGFo was obtained from R&D systems Inc. (Minneapolis,
MN, USA). LY294002 was purchased from ENZO Life Sciences
Inc. The Omniscript Reverse Transcriptase kit was purchased
from QJAGEN (Hilden, Germany). Fast-start DNA Master SYBR
Green 1 was purchased from Roche Diagnostics K.K. (Basel,
Switzerland). The BCA protein assay kit was obtained from
Thermo Fisher Scientific Inc. (Waltham, MA, USA). The PI3K
activity enzyme-linked immunosorbent assay (ELISA) kit (PI3-
Kinase Activity ELISA: Pico) was purchased from Echelon
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Biosciences Inc., (Salt Lake Gity, UT, USA). All other materials
and chemicals were obtained from commercial sources.

Cell Cuiture and Transient Transfections

Human HCC-derived HuH7 cells were obtained from the
Health Science Research Resources Bank (Tokyo, Japan). The
HuH?7 cells were maintained in Roswell Park Memorial Institute
(RPMI) 1640 (Sigma-Aldrich Corp., St. Louis, MO, USA)
medium supplemented with 1% fetal calf serum (FCS} (Hyclone
Corp., Logan, UT, USA). For transfections, the HuH?7 cells were
cultured in 90 mm diameter dishes (1x10° cells/dish) and
transfected with 4 pg of the wild-type HSP20 plasmid or contrel
(empty) pcDNA3.1(#) vector using the UniFector transfection
reagent (B-Bridge International, Mountain View, CA, USA) in
4ml of RPMI1640 medium without FCS. One day after
transfection, the medium was changed to 6 ml of RPMI1640
medium with 1% FCS for coimmunoprecipitation and real-time
RT-PCR experiments, or without FCS for the PI3K activity assay.
The cells were then cultured for another 24 h.

Protein Preparation

For coimmunoprecipitation, the transfected cells and snap-
frozen HCC tissues were lysed in ice-cold TNE lysis buffer
(10 mM Tris-HCl, pH 7.8, 1% Nonidet P-40, 150 mM NaCl,
1mM EDTA, 1 mM dithiothreitol, 1 mM sodium fluoride,
1 mM sodium vanadate and protease inhibitor cocktail (Roche
Diagnostics K.K.)). The lysates were then centrifuged at 10,000 xg
at 4°C for 30 min, and the supernatant was collected as TNE-
soluble proteins. For the Western blot analysis of AKT and
phospho-AKT, the transfected cells were pretreated with the
indicated concentrations of LY294002 or vehicle for 60 min, and
then stimulated with 20 ng/ml TGFe or vehicle for 10 min. After
stimulation, the cells were lysed, homogenized and sonicated in
lysis buffer, as described previously [23,24].

Coimmunaprecipitation

The indicated antibodies were added to the TINE-solubilized
proteins, and the mixture was shaken gently overnight at 4°C,
followed by the addition of 50 ul of Dynabeads protein A and
incubation for a further 1 h with continuous mixing. Protein
immunocomplexes were isolated with the use of a magnetic
particle concentrator {6-tube magnetic separation rack, New
England BioLabs Inc., Ipswich, MA, USA). The immunoprecip-
itated proteins and TINE-soluble proteins (for analysis total protein)
were resuspended in the loading buffer for sodiwm dodecyl sulfate
(SDS)-polyacrylamide gel electrophoresis (PAGE), heated at 95°C
for 5min, and analyzed by a Western blot analysis using
peroxidase-labeled rabbit IgG (conformation specific) (L27A9)
monoclonal antibodies (Cell Signaling Technology, Inc.).

Western Blot Analysis

A Western blot analysis was performed as described previously
{23]. Briefly, SDS-PAGE was performed by the method described
by Laemmli [25]. The proteins in the gel were transferred onto
polyvinylidene flucride (PVDF) membranes, which were then
blocked with 5% fat-free dry milk in phosphate-buffered saline
(PBS) with 0.1% Tween20 for 1 h before incubation with the
indicated primary antibodies. Peroxidase-labeled rabbit IgG
antibodies were used as secondary antibodies. The peroxidase
activity on the PVDF membranes was visuatized on X-ray film by
means of an ECL Western blotting detection system (GE
Healthcare, Waukesha, WI, USA) as described in the manufac-
turer’s protocol.
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PI3K Activity Assay

The cultured HSP20-overexpressing cells were stimulated with
or without 20 ng/ml TGFa for 10 min. After stimulation, the
PI3K activity in the cells was determined using a PI3-Kinase
Activity ELISA kit according to the manufacturer’s instructions.
The absorbance of samples was measured at 450 nm with an EL
340 Bio Kinetic Reader (Bio-Tek Instruments, Inc.,, Winooski,
VT, USA).

Real-time RT-PCR

Total RINA was isolated and transcribed into complementary
DNA using the Trizol reagent and Omniscript Reverse Tran-
scriptase Kit, respectively. Real-time RT-PCR was performed
using a Light Cycler system (Roche Diagnosties) in capillaries with
the Fast-Start DNA Master SYBR Green I provided with the kit,
Sense and antisense primers were synthesized based on the report
by Biéche et al. for human PI3KR1 mRNA [26]. The sense and
antisense primers for human GAPDH mRNA were purchased
from Takara Bio Inc. (Tokyo, Japan) {primer set ID:HA067812).
The PI3KR] mRNA levels were normalized to those of GAPDH
mRNA.

Tissue Specimens
HGC tissues were obtained by surgical resection from patients

in the Department of Surgery, Ogaki Municipal Hospital (Gifu, -

Japan) according to a protocol approved by the committee for the
conduct of human research at Ogaki Municipal Hospital and at
Gifu University Graduate School of Medicine. Written informed
consent was obtained from all of the patients.

Statistical Analysis

The data arc expressed as the means *= SD. The statistical
significance of the data from the cell culture experiments was
analyzed using the Mann-Whitney U test. All P values were
derived from iwo-tailed tests, and values of P<0.05 were
considered to statistically significant. Each experiment was
repeated tliree times with similar results.

Results

HSP20 does not Directly Interact with AKT or ERK in HCC
Cells

In our previous study [23,24], we showed that HSP20 is
expressed in the tumor tissues of human HCC. However, HCC
cell lines do not express the HSP20 protein. Therefore, we
transfected wild-type HSP20 ¢DNA into HuH7 cells, 2 HCC-
derived cell line, to make them express the HSP20 protein, and
then analyzed its function.

We also previously demonstrated, that HSP20 inhibits the
activation of AKT and ERK via MEK, the upstream kinase of
ERK, in human HCC tissues [24]. In cardiomyocytes, HSP20
reportedly interacts with phosphorylated AKT and maintains it in
its phosphorylated state [27]. Therefore, we first investigated
whether HSP20 directly interacts with these signal molecules,
AKT, ERK and/or MEK, in the HuH7 cells, Although HSP20
was overexpressed in the transfected HuH7 cells (Figure 1A, lane 2
in comparison with lane 1), it was not coimmunoprecipitated with
AKT, ERK or MEK (Figure 1A, lane 4).

We then examined whether HSP20 could interact with Ras,
which is considered to function upstream of MEK [28]. Although
the Ras protein was highly expressed in both the empty and
HSP20 vector-transfected HuH7 cells (Figure 1B, lanes 1 and 2), it
was not coimmunoprecipitated with HSP20 (Figure 1B, lane 4).
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It is generally recognized that PI3K is an upstream kinase of
AKT [16,17]. We therefore confirmed that PI3K acts upstream of
AKT in the HCC cells. A PI3K inhibitor, LY294002 [29], dose-
dependently suppressed the TGFo-induced AKT phosphorylation
at both the serine and threonine residues in the HuH7 cells,
suggesting that PI3K also regulates the AKT activity in HCC cells

(Figure 2).

HSP20 Represses the PI3K Activity in HCC Cells

Next we examined whether HSP20 affects the PI3K activity in
the HuH7 cells, We found that the basal activity level of PI3K in
the HSP20-overexpressing HuB7 cells was significantly repressed
compared with that in the empty vector-iransfected cells
(Figure 3A). Accumulating evidence suggests that the protumeori-
genic growth factor signaling pathways, such as the TGFo/
epidermal growth factor (EGF) signaling pathway, are dysregulat-
ed in human HCC [14,15]. PI3K is activated by RTKs, including
the receptor for TGFo [16,18,19]. We have previously reported
that HSP20 inhibits the TGFu-stimulated AKT signaling pathway
in HuH7 cells [24]. Therefore, we examined the PISK activity in
the HSP20-overexpressing HuH7 cell in the presence of TGFa
stimulation. Compared with basal state, the PI3K activity in the
empty vector-transfected HuH7 cells was enhanced by TGFa
stimulation (Figure 3B, left column in comparison to Figure 34,
left column). The TGFu-induced PI3K activity was significantly
repressed in the HSP20-overexpressing HuH7 cells (Figure 3B,
right columnj,

HSP20 does not Affect the Expression of PI3K or PTEN in
HCC Cells

To clarify the effect of HSP20 on PI3K in HCC, we examined
the protein levels of PI3K in the HSP20-overexpressing HuH7
cells. The levels of both PI3K p85 and PISK pll0u were not
affected by HSP20 overexpression (Figure 4A). In addition, the
expression level of PISK p85 mRNA also did not show any
significant difference in the cells with FISP20 overexpression
compared with that in the control cells (Figure 4B). These findings
suggest that HSP20 does not affect the synthesis or stability of
PI3K in HCC cells.

PTEN, a tumor suppressor protein, acts as a lipid phosphatase
on PIP3, and prevents AKT activation [16,17]. We examined
whether HSP20 affects PTEN in the HCC cells. As shown in
Figure 4C, the protein levels of PTEN were not changed by
HSP20 overexpression. Furthermore, the HSP20 in the HuH7
cells was not coimmunoprecipitated with PTEN (Figure 4D).

HSP20 Directly interacts with PI3K in HCC Cells

Next, we examined whether HSP20 directly interacts with PI3K
in HCC cells. As shown in Figure 5A, the HSP20 protein in the
HSP20-overexpressing Hull7 cells was coimmunoprecipitated
with PI3K p85, the regulatory subunit, and also with PI3K p110a
and PI3K pllOB, the catalytic subunits (Figure 5A, lane 2 in
comparison with lane 1). In addition, HSP20 antibodies pulled
down PI3K p83, FI3K pl110a and PI3K p110§ from the HSP20-
overexpressing HuH7 extracts (Figure 5B, lane 2 in comparison
with lane 1). We also demonstrated that the overexpressed HSP20
protein int the HuH7 cells was also immuoprecipitated by HSP20
antibodies (Figure 5B). Furthermore, we found that PI3K p85,
PI3K pll0e, PI3K pl10f and HSP20 were not immunoprecip-
itated with normal rabbit IgG (Figure 5C). These results suggest
that the HSP20 protein directly interacts with the PI3K protein in
HCC cells.
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