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Glycyrrhizin injection therapy prevents hepatocellular
carcinogenesis in patients with interferon-resistant active

chronic hepatitis C

Kenji lkeda

Department of Hepatology, Toranomon Hospital, Tokyo, Japan

Aim: There is no useful and effective treatment for patients
with non-sustained response to interferon, from the view-
point of cancer prevention. Our aim was to elucidate the
influence of a glycyrrhizin therapy on hepatocarcinogenesis
rate in interferon-resistant hepatitis C

Methods: We retrospectively analyzed 1249 patients with
chronic hepatitis with or without cirrhosis. Among 346
patients with high alanine transaminase values of twice or
more of the upper limit of normal, 244 patients received L.v.
glycyrrhizin injection and 102 patients did not, after judgment
of interferon resistance.

Results: Crude carcinogenesis rates in the treated and
untreated group were 13.3%, 26.0% at the fifth year, and 21.5%
and 35.5% at the 10th year, respectively (P = 0.021). Propor-
tional hazard analysis using time-dependent covariates dis-
closed that fibrotic stage, gender and glycyrrhizin treatment

were significantly associated with future carcinogenesis. A
long-term glycyrrhizin injection therapy decreased the hepa-
tocarcinogenesis rate (hazard ratio, 0.49; 95% confidence
interval, 0.27-0.86, P = 0.014) after adjusting the background
features with significant covariates. Cancer preventive activity
was also found in a subgroup of older patients of 60 years
or more.

Conclusions: Glycyrrhizin injection therapy significantly
decreased the incidence of hepatocellular carcinorna in
patients with interferon-resistant active chronic hepatitis C,
whose average aminotransferase value was twice or more of
the upper limit of normal after interferon.

Key words: cancer prevention, chronic hepatitis,
glycyrrhizin, hepatitis C virus, hepatocellular carcinogenesis

INTRODUCTION

EPATOCELLULAR CARCINOMA (HCC) is one of
che most common cancers in the world. Until
recently, hepatitis C virus (HCV) has been reported to be
a causative agent of HCC aside from bepatitis B virus
(HBV)."* The annual incidence of HCC in patients with
HCV RNA-positive cirrhosis ranges 5-7%.57 The car-
cinogenesis rate was higher in those patients with cir-
thosis caused by HCV than in those with HEV-related
cirrhosis.’

Interferon (IFN) is effective in reducing HCC rate
through suppression of necroinflammatory process
serum alanine aminotransferase (ALT) and in eliminat-
ing HCV in some patients with chronic HCV and

Correspondence: Dr Kenji Ikeda, Depantment of Heparology,
Toranomon Hospital, 2-2-2 Toranomon, Minato-ku, Tokyo 105-8470,
Japan. Email: ikedakenji@tora.email.ne.jp

© 2007 The Japan Society of Hepatology

cirthosis. Although IFN proves to be valuable in sup-
pression of the risk of carcinogenesis, it is not effective
in every patient with HCV-related disease. Oka ef al.®
reported in a randomized controlled trial that a kind
of medicinal herb, “Sho-saiko-to®, could significantly
decrease hepatic carcinogenesis rate in patients without
hepatitis B surface antigen (HBsAg)-negative cirrhosis.
Tarao et al.® showed that the HCC appearance rate was
significantly higher in HCV-related cirrhotics with a
high ALT value of 80 IU or more than that of those
with lower ALT value, and also suggested that treat-
ment of cirrhosis and prevention of HCC should be
directed to suppress the necroinflammation of HCV-
related hepatitis.

In Japan, a glycyrrhizin-containing herbal medicine,
Stronger Neo-Minophagen C (SNMC), is widely used in
Japan for the treatment of chronic hepatitis. It is used in
the form of an i.v. solution, comprised of 0.2% glycyr-
rhizin, 0.1% cysteine and 0.2% glycine in physiological
solution. It is made by dissolving glycyrrhizin (200 mg),

§287
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Glycyrrhizin
(0.2%)

HOOC

Glycine (2.0%)
Cysteine (0.1%)

Figure 1 Chemical strucure of glycyrrthizin and Stronger
Neo-Minophagen C in physiological saline solution.

cysteine (100 mg), glycine (2 g) in 100 mL of physi-
ological saline (Fig.1). Glycyrrhizin is an aqueous
extract of licorice root (Glycyrrhizae radix), which is anti-
allergic and has detoxicating effects. As has been
reported, the anti-inflammatory mechanism of glycyr-
thizin is believed to be due to its protective effect on
the hepatic cellular membrane, which may explain its
ability to lower the serum transaminase level in patients
with chronic hepatitis. Because glycyrrhizin has an anti-
inflammatory action and favorable effet on ALT and
histology in patients with chronic viral hepatitis,’*** we
analyzed its effect on HCC in those patients with
chronic HCV.¢

In order to elucidate whether glycyrrhizin suppress
the carcinogenesis rate in patients with IFN-resistant
chronic hepatitis C, we retrospectively assessed a cohort
of 1249 patients without sustained virological
response.!’

METHODS

Patients

TOTAL OF 1249 consecutive Japanese patients

with chronic hepatitis or cirthosis type C were
examined, who could not eradicate HCV RNA with pre-
vious IFN therapy. There were 778 men and 471 women
aged 18-81 (median age, 53 years) in the study. They
were diagnosed as having liver cirthosis by perito-
neoscopy, liver biopsy or both between 1987 and 2002
at Toranomon Hospital, Tokyo, Japan. All the patients
had a history of receiving IFN therapy once or more. A
total of 347 patients showed a normal ALT for at least

© 2007 The Japan Society of Hepatology
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6 months after cessation of IFN (biochemical respond-
ers), and the other 902 patjents showed abnormal ALT
at 6 months after the end of IFN therapy.

Glycyrrhizin therapy

Of 1249 patients with IFN-resistant chronic liver
disease, 453 patients underwent glycyrrhizin injection
therapy (SNMC) and the remaining 796 patients did not
receive glycyrrhizin therapy until the end of observation.
The purpose for the introduction of glycyrrhizin therapy
was to suppress high ALT levels and to prevent disease
progression in all the patients. F1 stage hepatitis was
significantly more often found in the untreated group
than in the glycyrrhizin group (P<0.001, 2 test).
Both AST and ALT medians were significanty higher
in the glycyrhizin group than in the untreated group
(P <0.001).

When glycyrrhizin was regarded as effective from an
aminotransferase viewpoint, treatment was usually con-
tinued for as long a period as possible. As a result, a
median daily dose of 100 mL of glycyrrhizin was admin-
istered thrice weekly during a median period of 4.3 years
(range, 0.1-14.5 years) in the treated group. Two
(0.44%) of the 453 treated patients withdrew from
glycyrrhizin injection therapy because of side-effects:
one from hypertension and one from skin rash without
itching.

Background and laboratory data of patients
with and without therapy

Table 1 summarizes the profiles and data of the patients
at the time of diagnosis of chronic hepatitis, with or
without cirrhosis.

The male : female ratio was not different between
the two groups. Median age was older by 2 years in the
treated group than in the untreated group (P < 0.001).
F1-stage hepatitis was found significantly more often
in the untreated group than in the glycyrrhizin group
(P<0.001, * test). Median levels of both AST and ALT
were significantly higher in the treated group than
in the untreated group (P <0.001). The rate of HCV
serological group 1 was significantly higher in the
glycyrrhizin  group than in the untreated group
(P= 0.032).

Follow up of the patients

Follow up of the patients was made on a monthly basis
after the judgment of IEN resistance by monitoring
hematological, biochemical, and virological data.
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Table 1 Patients profiles and laboratory data at the time of judgment of imerferon-resistance

Glycyrthizin Untreated P-value
group (n=453) group (n =796)
Demography
Sex (M/F) 283/170 495/301 0.924
Age (year)t 54 (25-81) 52 (18-77) <0.001
Liver histology
F1/F2/F3/F4 146/193/38/69 502/192/52/38 <0.0014#
Laboratory datat
Aspartic transaminase (1U/L)1 81 (19-446) 54 (11-355) <0.001
Alanine transaminase (IU/L)t 122 (12-630) 83 (10-822) <0.001
HCV serological group 1/2 360/73 582/165 0.032%

tExpressed by median (range). $x? test or Mann-Whitney U-test.

Imaging diagnosis with ultrasonography (US) and/or
computerized tomography (CT) was made three or
more times per year in a majority of patients with cir-
thosis, and once a year in patients without dirrhosis.

The numbers of cases lost to follow up were 121
(9.7%): 28 patients (6.2%) in the glycyrrhizin group
and 93 (11.7%) in the untreated group. Because the
eventual outcomes regarding appearance of HCC were
not identified in these patients, they were dealt as cen-
sored data in the following statistics. Death unrelated to
HCC was also classified as withdrawal and regarded as a
censored case. The median observation period of the
total number of patients was 5.7 years with a range of
0.1-16.1 years.

Statistical analysis

Non-parametric procedures were employed for the
analysis of background characteristics of the patients,
including Mann-Whitney U-test and y* method. HCC
appearance rates were calculated from a period
between the judgment of IPN ineffectiveness and the
appearance of HCC in each group, using the Kaplan-
Meier technique.” The differences in carcinogenesis
curves were tested using the log-rank test Independent
factors associated with the appearance rate of HCC
were studied using time-dependent Cox regression
analysis.”® An interaction term of IFN treatment and
"waiting time” to the therapy was introduced in the
analysis as a time-dependent covariate. The indepen-
dence of treatment factor from “waiting time” was also
confirmed by a log-minus-log plot of a proportional
hazard model.

All data analysis was performed using the computer
program SPSS version 11 (SPSS, Chicago, IL, USA).

RESULTS

Initial aminotransferase and
carcinogenesis rates

ECAUSE AMINOTRANSFERASE LEVEL is likely to

affect future disease progression, entire patients of
the cohort were classified into six categories according to
average ALT value during the first year after cessation of
IFN therapy: (i) normal ALT; (ii) less than 1.5 times of
upper limit of normal (ULN); (ii) 1.5-2 times of ULN;
(iv) 2-3 times of ULN; (v) 3-4 times of ULN; and (vi)
more than 4 times of ULN. Hepatocellular carcinogen-
esis rates were 2.5%, 5.0%, 8.1%, 11.8%, 12.0% and
12.7% at the end of the fifth year, and 6.6%, 7.2%,
19.6%, 15.1%, 21.0% and 39.3% at the 10th year,
respectively. There was a significant statistical difference
among the six subgroups (log-rank test, P <0.0001).
The higher the average ALT, the higher the carcinogen-
esis rate was.

Glycyrhizin therapy was usually performed in
patients with a high ALT value and high hepatitis activ-
ity. In this retrospective study, average ALT values
were significantly different between the treated and the
untreated groups: (i) normal average ALT was found in
38 among patients with glycyrrhizin therapy and in 188
among patients without therapy; (ii} ALT of less than
1.5 times of ULN was found 42 and 331; (iii) 1.5 times
10 2 times of ULN 84 and 138; (iv) 2-3 times of ULN in
143 and 92; (v) 3-4 times in 53 and 29; and (vi) ALT of
more than 4 times of ULN in 93 of the glycyrrhizin
group and 18 of the untreated group, respectively. The
rate of a high ALT value of twice or more of ULN in the
glycyrthizin treated group (64.2%, 289/453) was signifi-
cantly higher than that of the untreated group (16.2%,
129/796).

© 2007 The Japan Society of Hepatology
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Figure 2 Carcinogenesis rates in patients with active chronic
hepatitis showing high average alanine transferase (ALT)
values of twice or more of upper limit of normal. Carcinogen-
esis rate in patients with a sufficient period of glycyrrhizin
treatment was significantly lower than that of the untreated
patients (log-rank test, P=0.021).

Carcinogenesis in patients with high
aminotransferase

Of the 418 patients with a high average ALT in both
groups, 68 patients showed a normal ALT value for at
least 6 months just after IFN therapy (biochemical
response). because biochemical response with normal
AILT for a certain period after IFN was likely to affect
carcinogenesis rates in those patients, biochemical
responders were excluded in the following analyses on
the influence of glycyrrhizin on carcinogenesis: after all,
244 patients with glycyrrhizin therapy and the 102
patients without therapy were assessed.

Cumulative hepatocellular carcinogenesis rates were
calculated in these 346 patients with high average
ALT values, excdluding biochemical responders from
both groups. Carcinogenesis rates in the glycyr-
thizin group and the untreated group were 6.5% and
13.3% at the end of the third year, 13.3% and 26.0%
at the end of the fifth year, 17.7% and 28.3% at the
end of the seventh year, and 21.5% and 35.5% at the
10th year, respectively (Fig. 2). In the stratified and
selected patient group, the carcinogenesis rate of
the glycyrrhizin-treated group was significantly lower
than that of the untreated group (log-rank test,
P=0.021).
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Figure 3 Independent risk factors affecting hepatocellular car-
cinogenesis (time-dependent Cox proportional hazard
analysis).

Impact of glycyrrhizin therapy
on carcinogenesis

In the selected patients with active hepatitis with an
average ALT value of twice ULN or higher, multivariate
analysis was performed to explore associating factors
with carcinogenesis, using a time-dependent Cox pro-
portional hazard model. Time between the judgment of
IEN ineffectiveness and initiation of glycyrrhizin therapy
was set as a ime-dependent variable, in order to clarify
the significance of glycyrrhizin therapy in the dinical
course of HCV-related chronic liver diseases. Patients
with biochemical response with a normal ALT value
sustained for at least 6 months after IFN therapy were
also exduded in the analysis.

In multivariate analysis, the following three factors
influenced the carcinogenesis: (i) fibrotic staging (i)
sex (P=0.006); and (iii) glycyrrhizin therapy (P=
0.014) (Fig. 3). When a hazard of Fi-stage fibrosis for
carcinogenesis was set as 1 in the model, the hazard
ratio of F2 to F3 stage fibrosis was calculated as 2.94 (P=
0.018), and that of F4 (cirrhosis) was estimated as 9.21
(P<0.001). Similarly, the hazard ratio for carcinogen-
esis of male gender was 2.80, compared to female. Use
of glycyrrhizin independently decreased the carcinogen-
esis rate with a hazard ratio of 0.49, in patients with
active chronic hepatitis after IFN therapy. The following
factors did not affect the HCC appearance rate signifi-
cantly: age, association of diabetes mellitus, serological
grouping of HCV, HCV RNA concentration, AST, ALT at
the time before IFN therapy, and bilirubin.

Carcinogenesis in elderly patients

Cumulative cardinogenesis rates were compared
between patients with and without glycyrrhizin therapy,
in a subgroup of older patients of 60 years old or
more. Carcinogenesis rates in the treated (n=58) and
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Figure 4 Carcinogenesis rates in elderly patients of 60 years or
more,

untreated groups (n= 68) were 12.4% and 20.0% at the
end of the fifth year, and 12.4% and 36.2% at the 10th
year, respectively (Fig. 4). The carcinogenesis rate in the
glycyrthizin injection group apparently decreased, but
marginal statistical difference was observed (log-rank
test, P=0.052).

Survival rate

Cumulative survival rates after cessation of IFN therapy
were calculated in the treated and untreated groups.
Five-year survival rates in patients with and without
glycyrrhizin injection therapy were 93.3% and 92.5%,
and 10-year rates were 87.2% and 77.1%, respectively
(Fig. 5). Although statistical significance was not
obtained in the survival rates between the two groups, it
showed higher rates in the treated group than in the
untreated group.

DISCUSSION

AMAMOTO ETAL." first treated patients with

chronic hepatitis with glycyrthizin (SNMC) and
found a distinct improvement in their ALT levels. Suzuki
et al'? confirmed its ability to suppress serum ami-
notransferase in patients with chronic hepatitis in a ran-
domized controlled trial. Hino et al.** and Yasuda et al.™*
also proved glycyrrhizin to be useful in the improve-
ment of transaminase and liver histology. We once
reported that glycyrrhizin was beneficial in carcinogen-
esis rate in patients with chronic hepatitis type C when
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Figure 5 Crude survival rates in patients with and without
glycyrthizin treatment.

it was administered for 10 years or longer.” In this
study,® we assessed the role of glycyrrhizin in the
prevention of hepatocellular carcinogenesis in patients
with INF-resistant chronic hepatitis C.

Because it requires at least 5 years to show a statistical
difference in carcinogenesis rate from hepatitis or cir-
thosis between glycyrrhizin-treated and “untreated”
groups, a prospective randomized trial using untreated
control patients is actually difficult from both ethical
and medical viewpoints in Japan, where glycyrthizin
injection therapy is covered by standard medical insur-
ance and it is already regarded as a usual salvaging
procedure for IFN-ineffective patients. Therefore, we
attempted to carry out a retrospective cohort study,
with a statistical adjustment using possible covariates
explored in multivariate analysis.

When crude carcinogenesis rates were compared
between the treated and untreated patient group, the
hepatocellular carcinogenesis rate in the glycyrrhizin
therapy group was higher than that of the untreated
group (data not shown). Because anti-inflammatory
therapy using glycyrrhizin was usually performed for
those patients with high ALT values and more active
hepatitis, it seemed a quite convincing result that the
carcinogenesis rate of the treated group was higher than
that of the untreated group. Actually, the treated group
consisted of significantly more numbers of patients with
high ALT values of twice or more of ULN. When car-
cinogenesis rates were assessed only in patients with
high ALT values of twice or more ULN, the rate of the
treated group became slightly higher than that of the

© 2007 The Japan Society of Hepatology
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untreated group. Of patients in the treated group, some
of them received glycyrrhizin injection therapy several
months or a few years after judgment of IFN ineffective-
ness. In order to elucidate the cancer preventive activity
of glycyrrhizin in active HCV-related liver disease, we
further stratified the treated patients into two groups: (i)
early treatment group of glycyrrhizin within 2 years after
judgment of IFN ineffectiveness; and (ii) late treatment
group after 2 years. Because the latter patients were
observed without therapy for a considerable period
inspite of the “treated group”, they were regarded as
partly and insufficiently wreated with glycyrrhizin from a
viewpoint of the entire observation period. We therefore
compared the carcinogenesis rates between the treated
and untreated patients, excluding those patients of a late
treatment group.

The hepatocellular carcinogenesis rate of the patients
with a sufficient period of glycyrrhizin injection was
significantly lower than that of those without therapy
(P = 0.038). In the treated group, median ALT values
significantly decreased after initiation of the glycyrrhizin
injection, suggesting that suppression of the necroin-
flammatory process was the principal mechanism of the
anti-carcinogenic activity of the medicine. The current
study dealing with a large cohort (n=1249), showed
that the carcinogenesis rate reduces when glycymrhizin
therapy is started at an early time after judgment of IFN
ineffectiveness. Cancer preventive activity of glycyr-
thizin was also found in a subgroup of elderly patients
60 years or older. Because glycyrrhizin therapy has few
side-effects, it should be taken into account for the treat-
ment of aged patients with chronic hepatitis C, from the
viewpoint of cancer prevention. Survival rate is likely to
increase in those patients undergoing long-term glycyr-
rhizin injection therapy through suppression of aggres-
sive necroinflammatory process and suppression of
liver-related morbidity and mortality.

CONCLUSIONS

S CARCINOGENESIS IS not a single-step event, but

a complex, multistep process, the exact mechanism
of the glycyrrhizin activity in suppression of liver car-
cinogenesis still remains unknown. One of the principal
roles of long-term administration of glycyrrhizin in
decreasing the carcinogenesis rate seemed to be anti-
inflammatory ones, which would retrieve an active car-
dnogenic process with ALT elevation and continuous
hepatic necroinflammation. Glycyrrhizin may only
postpone the time of HCC appearance in the clinical
course of cirrhosis. Because the entire process of hepa-

© 2007 The Japan Society of Hepatology
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tocellular carcinogenesis from initial transformation of
a hepatocyte 1o detectable growth is considered to take
at least a few years, the influence of glycyrrhizin on the
carcinogenesis rate will not be evaluated in a short
period of a few years. Future studies should therefore be
aimed at defining the basic oncogenic mechanisms and
roles of long-term administration of glycyrrhizin in car-
cinogenesis in patients with cirrhosis caused by HCV.

In condusion, a long-term intermittent glycyrrhizin
therapy for a few years or more successfully reduced
hepatocellular carcinogenesis in patients with HCV-
related chronic liver disease. A randomized control
study with a larger number of cases, with or without
glycyrrhizin therapy, is expected to confirm the effective-
ness of this therapy.

CONFLICT OF INTEREST

O CONFLICT OF interest statement has been
received from the author.

REFERENCES

1 Bruix }, Calvet X, Costa ] et al. Prevalence of antibodies to
hepatitis C virus in Spanish patients with hepatocellular
carcinoma and hepatic cirrhosis. Lancet 1989; 2: 1004-6.

2 Colombo M, Kuo G, Choo QL et al. Prevalence of antibod-
ies to hepatitis C virus in Italian patients with hepatocel-
lular carcinoma. Lancet 1989; 2: 1006-8.

3 Hasan F, Jeffers 1], Medina MD et al. Hepatitis C-associated
hepatocellular carcinoma. Hepatology 1990; 12: 589-91.

4 Kew MC, Houghton M, Choo QL. Kuo G. Hepatitis C virus
antibodies in southern African blacks with hepatocellular
carcinoma. Lancet 1990; 335: 873-4.

S Ikeda K, Saitoh S, Koida I et al. A multivariate analysis of
risk factors for hepatocellular carcinogenesis ~ A prospec-
tive observation of 795 cases with viral and alcoholic
cirthosis. Hepatology 1993; 18: 47-53.

6 Oka H, Kurioka N, Kim K et al. Prospective study of early
detection of hepatocellular carcinoma with cirrhosis. Hepa-
tology 1990; 12: 680-7.

7 Tsukuma H, Hiyama T, Tanaka S etal. Risk factors for
hepatocellular carcinoma among patients with chronic
liver disease. N Engl ] Med 1993; 328: 1797-801.

8 Oka H, Yamamoto S, Kuroki T et al. Prospective study of
chemoprevention of hepatocellular carcinoma with
Sho-saiko-10 (TJ-9). Cancer 1995; 76: 743-9,

9 Tarao K, Rino Y, Ohkawa § et al. Association between high
serum alanine aminotransferase levels and more rapid
development and higher rate of incidence of hepatocellu-
lar carcinoma in patients with hepatitis C virus-associated
cirthosis. Cancer 1999; 86: 589-95.



Hepatology Research 2007; 37 (Suppl. 2): $287-5293

10 Yamamoto S, Maekawa Y, Imamura M, Hisajima T. Treat-
ment of hepatitis with the antiallergic drug, Stronger Neo-
Minophagen C [in Japanese]. Clin Med Pediatr 1958; 13:
73.

11 Fujisawa K, Watanabe Y, Kimura K. Therapeutic approach
1o chronic active hepatitis with glycyrrhizin. Asian Med J
1980; 23: 745-56.

12 Suzuki H, Ohta Y, Takino T, Fujisawa K, Hirayama C.
Effects of glycyrrhizin on biochemical tests in patients with
chronic hepatitis. Double blind trial. Asian Med ] 1983; 26:
423-38.

13 Hino K, Miyakawa H, Takahashi ] et al. Effect of large dose
of SNMC on the liver histology of chronic active hepatitis
[in Japanese). Kan-Tan-Sui 1986; 13: 797.

14 Yasuda K, Hino K, Fujioka S et al. Effects of high dose
therapy with Stronger Neo-Minophagen C (SNMC) on
hepatic histography in non-B chronic active hepatitis. In:
Proceedings of International Symposium on Viral Hepatitis and
Liver Disease. ed. Nishioka K etal Excerpta Medica
(Amsterdam) 1991; 205-9.

15

16

17

18

19

20

Prevention of HCC with glycyrrhizin  $293

Wildhirt E. Experience in Germany with glycyrrhizinic acid
for the treatment of chronic viral hepatitis. In: Viral Hepa-
titis and Liver Disease. ed. Nishioka K & al. Springer, New
York 1994; 658-61.

Rossum TGJ, Vulto AG, Hop WC], Brouwer JT, Niesters
HGM, Schalm SW. Intravenous glycyrrhizin for the treat-
ment of chronic hepatitis C: a double-blind, randomized,
placebo-controlled phase /11 trial. ] Gastreenterol Hepatol
1999; 14: 1093-9.

Ikeda K, Arase Y, Kobayashi M etal. A long-term glycyr-
rhizin injection therapy reduces hepatocellular carcinogen-
esis rate in patients with interferon-resistant active chronic
hepatitis C. Dig Dis Sci 2006; 51 (3): 603-9.

Kaplan EL, Meier P. Nonparametric estimation for incom-
plete observation. J Am Stat Assoc 1958; 53: 457-81.

Cox DR Regression models and life tables: J R Stat Soc
1972; 34: 248-75.

Arase Y, lkeda K, Murashima N et al. The long term efficacy
of glycyrrhizin in chronic hepatitis C patients. Cancer 1997;
79: 1494-500.

© 2007 The Japan Society of Hepatology



7087

ONCOLOGY REPORTS 18: 545-552, 2007

22

Significance of glucose intolerance and SHIP2 expression in
hepatocellular carcinoma patients with HCV infection
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Abstract. Glucose intolerance frequently is found in hepato-
cellular carcinoma (HCC) patients with hepatitis C virus
(HCV) infection; however, the significance of glucose
intolerance remains unclear. In addition, SH2 domain-
containing inositol phosphatase (SHIP) 2 is a negative regulator
of intracellular insulin signaling; however, changes in SHIP2
expression have not been investigated in HCC. To assess the
significance of glucose intolerance, we analyzed 118 HCC
patients with HCV infection. Twenty HCC specimens  were
used for immunoblotting and immunostaining for SHIP2.
Patients were classified into two groups: a glucose intolerance
group (n=39) and a normal glucose tolerance group (n=79).
There was no significant difference in the disease-free
survival (P=0.838) or long-term survival (P=0.091) between
the groups. However, for males, the cumulative survival rate
was significantly lower in the glucose intolerance group (n=22)
than that in the normal glucose tolerance group (n=52)
(P=0.036). In multivariate analysis, Child-Pugh class
(P=0.0003) and glucose intolerance (P=0.036) were identified
as statistically significant and independent prognostic factors
in males. SHIP2 expression level decreased in HCC compared
to that in nontumor tissues. In conclusion, this study is the
first to demonstrate the significance of glucose intolerance in
prognosis of male HCC patients and down-regulation of
SHIP2 expression in HCC.
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Introduction

Hepatocellular carcinoma (HCC) is one of the most common
malignancies in the world. The incidence of HCC has increased
in Eastern Asia and Africa during the past several decades and
has also increased in the US (1). This trend has been attributed
to hepatitis C virus (HCV) infection. In many areas of the
world, HCV infection accounts for more than half of the cases
of HCC, and in Japan, ~75% of all HCC are associated with
chronic liver disease and HCV infection (2). In order to prevent
and treat this malignancy, it is important to understand the
pathogenesis of HCC in patients with HCV infection.

Liver is one of the major organs regulating glucose meta-
bolism and patients with chronic liver diseases frequently
show glucose intolerance which is called hepatogenous
diabetes (3). Although its pathogenesis involves various
factors, insulin resistance and hyperinsulinemia are thought
to play major roles (4,5). In chronic liver disease associated
with HCV infection, the prevalence of glucose intolerance is
higher than in other chronic liver diseases, including hepatitis B
infection (6). We previously reported that down-regulation of
insulin receptor substrate 1/2, central molecules for intracellular
insulin signaling, was seen in livers from HCV core-transgenic
mice as well as patients with HCV infection (7). In HCV
hyperendemic areas, anti-HCV-positive subjects were nearly
three-fold as likely as anti-HCV-negative subjects to develop
diabetes mellitus with insulin resistance (8). Collectively, these
findings suggest that HCV directly causes hepatic insulin
resistance and subsequent hyperinsulinemia (9).

Glucose intolerance is frequently observed in HCC patients
with chronic liver disease. In addition, glucose intolerance
has been suggested as a potential risk factor for the incidence
of HCC. Several large population-based cohort studies showed
that the incidence of HCC was increased 2-4-fold in patients
with diabetes mellitus (10,11). However, it is unclear how
glucose intolerance is linked to the incidence of HCC in
patients. Moreover, it is unclear whether the presence of
glucose intolerance has an impact on the prognosis in HCC
patients with HCV infection.
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Insulin is known as one of the most important factors not
only for a variety of metabolic pathways, but also for cell
growth (12). Insulin stimulates activation of the tyrosine
kinase activity of the insulin receptor and subsequently
causes the phosphorylation of insulin receptor substrate
families. Upon tyrosine phosphorylation, these proteins
interact with signaling molecules through their Src homology 2
(SH2) domains (13), resulting in a diverse series of signaling
pathways, including activation of phosphatidylinositol 3-kinase
(PI3K) and Akt cascade (14), and Ras and mitogen-activated
protein (MAP) kinase cascade (15). These cascades regulate
cell proliferation, differentiation, and apoptosis. Changes in
these insulin signaling cascades are involved in cell growth.

SH2-containing inositol phosphatase (SHIP)-2 plays an
important role in the negative regulation of insulin sensitivity
(16,17). In insulin signaling, PI3K produces phosphati-
dylinositol 3,4,5-trisphosphate (PIP3) from phosphati-
dylinositol 3,4-bisphosphate (PIP2) (14). PIP3 mediates
insulin signals to downstream molecules including Akt (18).
SHIP?2 hydrolyses the PI3K product PIP3 to PIP2, leading to
decreased level of this phospholipid and, simultaneously,
reduced activation of PI3K and Akt signaling cascade (19). In
addition, SHIP2 causes down-regulation of Ras and MAPK
signaling cascade (20). Thus, SHIP2 suppresses cell growth
through regulating intracellular insulin sensitivity. However,
changes in expression of SHIP2 in patients with HCC have
not been investigated.

The aim of this study was to evaluate the long-term impact
of glucose intolerance and to examine the expression of SHIP2
in HCC patients with HCV infection.

Materials and methods

Materials. All reagents were purchased from Wako Pure
Chemical Industries (Osaka, Japan) unless otherwise indicated.

Patients. Between January 1994 and December 2000, 330
Japanese patients with HCV infection at the Division of
Gastroenterology, Department of Medicine, Kurume University
School of Medicine were diagnosed with HCC. These patients
had a single tumor <5 c¢m, and three or fewer tumors each
<3 cm. HCC with HCV infection was defined as HCC with
positive hepatitis C virus antibody and negative hepatitis B
virus surface antigen. Among these patients, 120 patients were
randomly selected and their blood samples analyzed. Blood
samples were obtained from each patient on admission and
stored at -20°C for later analysis. Plasma glucose levels were
measured by a glucose oxidase method. Serum insulin levels
were measured using a sandwich enzyme immunoassay kit
(Eiken Chemical, Tokyo, Japan).

Insulin resistance was calculated on the basis of fasting
levels of plasma glucose and insulin, according to the homeo-
stasis model assessment (HOMA) method. The formulas for
the HOMA model are: Insulin resistance (HOMA-IR) =
fasting glucose (mg/dl) x fasting insulin (2U/ml)/405. All
patients were classified either into the glucose intolerance
group or the normal glucose tolerance group based on the
presence of hyperinsulinemia and/or insulin resistance. The
glucose intolerance group was defined by fasting insulin
level 215 xU/ml and/or HOMA-IR value >3, and the normal
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glucose tolerance group was defined by fasting insulin level
<15 uU/ml and/or HOMA-IR value <3 according to previous
studies (21,22). We enrolled 120 patients in this study,
however, 2 patients were excluded because of type 1 diabetes
mellitus. The remaining 118 patients were retrospectively
examined.

The diagnosis of HCC was histologically confirmed by
needle biopsy under ultrasonographic guidance in 78 of 118
patients. In the remaining 40 patients, the diagnosis of HCC
was made based on the findings of typical radiological features
on ultrasonography, contrast enhanced dynamic computed
tomography, magnetic resonance imaging, and hepatic angio-
graphy along with elevated alpha-fetoprotein levels. The
pretreatment hepatic functional reserve was determined using
the Child-Pugh scoring system (23). Tumor staging of HCC
was determined using the tumor node metastasis (TNM)
classification (24). The measurement of tumor size was based
on the largest dimension observed on ultrasonography and
computed tomography. Alcohol drinking was defined as an
average daily consumption of an amount exceeding 60 g per
day of pure ethanol over a period of >5 years based on the
report of Donato et al (25). Body mass index (BMI) was
calculated as body weight in kg divided by the square of
height in meters (kg/m?). The study protocol was approved
by the institutional review board, and informed consent for
participation in the study was obtained from each subject and
conformed to the guidelines of 1995 Declaration of Helsinki.

Treatment and follow-up. As treatment for HCC, 22
patients underwent hepatic resection, 80 patients received
percutaneous ethanol injection therapy, microwave coagulation
therapy or percutaneous radiofrequency ablation therapy, and
16 received transcatheter arterial chemoembolization. No
patient underwent liver transplantation. _
After initial treatment, the condition of each patient was
followed carefully. Serum biochemistries, alpha-fetoprotein
levels, and Child-Pugh score were measured and ultrasono-
graphy was performed monthly. Contrast enhanced dynamic
computed tomography was performed every 3 months until 6
months post-treatment and every 6 months beyond 6 months
post-treatment. Magnetic resonance imaging was performed
as a supplemental examination. The closing date of this study
was December 2004 or the time of the patient's death.
Follow-up ranged from 12 to 128 months (median, 57 months).
During follow-up, 74 patients died of HCC. No patient died
of complications of cirrhosis or diabetes.

Measurement of HCV core. Serum HCV core levels were
evaluated using a newly developed HCV core antigen enzyme
linked immunosorbent assay test system (Ortho-clinical
Diagnostics K X., Tokyo, Japan) as previously described (26).
This assay has high stability and reproducibility under all
conditions and the detection limit is 50 fmol/1.

Human HCC tissues. Tumor and nontumor tissues were
obtained from 20 patients with HCC who underwent partial
hepatectomy [15 men and 5 women, mean age 67.7£6.7
years (range, 53-76 years)]. Tissue sections were stained
with hematoxylin-eosin, and each HCC was histologically
graded into one of three categories: well-, moderately- or



poorly-differentiated, according to criteria proposed by the
Liver Study Group of Japan (27). The tumors included one
well-differentiated, 18 moderately differentiated and one
poorly differentiated HCCs. All sections were examined by
immunostaining and four tissues from men were used for
immunoblotting.

Immunoblotting. Tumor and nontumor tissues were obtained
from patients with HCC who underwent partial hepatectomy,
and were homogenized on ice in RIPA buffer (150 mmol/l
NaCl, 1% Nonidet P-40, 0.5% sodium deoxycholate, 0.1%
sodium dodecyl sulfate, 50 mmol/l/Tris-HC], pH 7.5)
containing 100 ng/phenylmethylsulfonyl fluoride, 4 ug/ml
aprotinin, 2 pxg/ml leupeptin, 1 pg/ml pepstatin, 10 pg/ml
antipain, 10 xg/ml soybean trypsin inhibitor, and 2 mmol/l
ethylenediaminetetraacetic acid. Then, sodium dodecyl sulfate-
polyacrylamide gel electrophoresis sample buffer was added
and immediately boiled for 5 min. An equal amount of
protein (50 pg) of tumor or nontumor liver homogenates was
applied to each lane and was subjected to sodium dodecyl
sulfate-polyacrylamide gel electrophoresis on 7.5% acryl
amide gels. The resolved proteins were transferred to poly-
vinylidene difluoride membranes (Amersham International,
Buckinghamshire, UK). The membranes were incubated
with an anti-human SHIP2 polyclonal antibody (Santa Cruz
Biotechnology, Santa Cruz, CA) diluted 1:100 (vol/vol) with
PBS at room temperature for 1 h, and then incubated with a
horseradish peroxidase-conjugated goat anti-mouse IgG
(Nichirei, Tokyo, Japan) diluted 1:1000 at room temperature
for 1 h. After several washes, the membranes were incubated
with chemiluminescence reagents (ECL-kit; Amersham
International) for 1 min and immediately exposed on radio-
graph film.

Immunohistochemistry. Tumor and nontumor tissues were
obtained from patients with HCC who underwent partial
hepatectomy. Paraffin-embedded sections (3-um) were
deparaffinized and incubated in 0.2% (vol/vol) hydrogen
peroxide in methanol for 15 min to inhibit endogenous
peroxidase activity. To prevent nonspecific binding, sections
were incubated with protein block serum-free (Dako, Kyoto,
Japan) at room temperature for 30 min. Sections were then
incubated with an anti-human SHIP2 polyclonal antibody
(Santa Cruz Biotechnology) diluted 1:50 (vol/vol) with
phosphate-buffered saline (pH 7.4, 130 mmol/1 NaCl, 2 mmol/1
NaH,PO,, and 7 mmol/l Na,HPO,, PBS) overnight at 4°C.
Sections were washed 3 times for 5 min in PBS and incubated
with a horseradish peroxidase-conjugated anti-goat antibody
(Nichirei) diluted 1:50 (vol/vol) with PBS at RT for 1 h. After
several washes with PBS, peroxidase activity was visualized
using 3,3'-diaminobenzidine-tetrahydrochloride. Finally,
sections were counterstained with hematoxylin.

Quantitation of SHIP2 expression. Immunoblotting and
immunostaining for SHIP2 were quantified as previously
described (28). Briefly, immunoblotting intensity and
immunostaining intensity were quantified by measuring pixel
intensities by an investigator without any information regarding
the group assignment of the patients. This analysis was carried
out on a Macintosh computer (PowerBook G4; Apple
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Computer, Cupertino, CA) using the public domain NIH
Image-J program for Mac OS X (developed at the National
Institutes of Health and available by anonymous FTP from
http://rsb.info.nih.gov/ij/download html).

Statistical analysis. All data are expressed as mean + standard
deviation. Comparisons between the two groups were
performed using the Mann-Whitney U test for continuous
variables, and the Chi-square test or the Fisher exact test for
discrete variables. Cumulative overall survival and disease-free
survival were estimated by the Kaplan-Meier method. Any
significant differences in cumulative overall survival or
disease-free survival rates were determined using the log-
rank test. A Cox proportional hazard model was used for
univariate and multivariate analysis to identify any independent
variables that are related to cumulative overall survival. The
variables analyzed were age at HCC diagnosis, gender, body
mass index, alcohol drinking, Child-Pugh class, glucose
intolerance, alpha-fetoprotein, tumor stage, and maximal
tumor size. All P-values were two-tailed, and a level of <0.05
was considered to be statistically significant. Statistical analysis
was performed using Stat View software (version 5.0: SAS
Institute Inc., Cary, NC).

Results

Patient characteristics. A total of 118 patients were enrolled.
The mean age was 66.9+6.8 years (range, 50-87 years). The
mean BMI value was 22.6+2.6 (range, 14.7-32.3). Twenty-
seven patients (23%), were considered alcohol drinkers.
Among the 118, 79 patients (67%) were classified as the
normal glucose tolerance group while 39 patients (33%) were
classified as the glucose intolerance group. This classification
was based on analysis of blood samples obtained at initial .
admission. Of the 39, 14 (36%) had already been diagnosed
as having diabetes mellitus. The 14 had been treated as follows:
2 with insulin, 8 with oral hypoglycemics, and the rest were
managed using diet only. The baseline clinical characteristics
of both the glucose intolerance and normal glucose tolerance
groups are summarized in Table I. BMI values (P=0.0008),
bilirubin levels (P=0.048) and HCV core levels (P=0.049) in
the glucose intolerance group were significantly higher
compared to those of the normal glucose tolerance group.
Albumin levels in the glucose intolerance group were
significantly lower than that of the normal glucose tolerance
group (P=0.007).

Disease-free survival rate and survival rate based on glucose
intolerance. The comparison of the disease-free survival rate
based on glucose intolerance was not significantly different
between the groups (Fig. 1A) (P=0.838) nor was cumulative
survival rate (Fig. 1B) (P=0.091). The 1-, 3-, and 5-year
cumulative survival rates were 100, 64.1, and 42%,
respectively, in the glucose intolerance group, and 97.4,78.2,
and 57.2%, respectively, in the normal glucose tolerance group.

Univariate and multivariate analysis in all patients. Cox
proportional hazard regression analysis was performed to
determine which of the 9 variables were independently
associated with cumulative overall survival. The results of
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univariate analysis are shown in Table II. Child-Pugh class

" [hazard ratio (HR): 2.81, 95% confidence interval (CI): 1.74-
4.54, P<0.0001], and tumor stage (HR: 1.75, 95% CI. 1.09-
2.82, P=0.021) were found to be significant factors affecting
survival. In multivariate analysis, Child-Pugh class (HR: 3.37,
95% CI: 1.95-5.82, P<0.0001) was identified as an independent
prognostic factor (Table II).

The difference in glucose intolerance between male and
female. This study included 74 males and 44 females. Among
patients who were glucose intolerant, there was no significant
difference in the number of males and females {22 males
(29.7%) vs. 17 females (38.6%); P=0.482). There was also no
significant difference in plasma glucose levels between males
and females (87.6+29.8 vs. 92.8+39.6; P=0.264). However,
the mean fasting insulin level in males (15.2+23.63 pU/ml)
was significantly higher than in females (15.1+13.8 pU/ml)
(P=0.045). Thus, glucose intolerance in males was more
severe than that in females. We evaluated further the ability of
glucose intolerance to influence long-term outcomes in male
patients with HCC. ’

Male patient characteristics. Baseline clinical characteristics
of male patients are summarized in Table III. Although BMI
value in the glucose intolerance group was significantly
higher compared to those in the normal glucose tolerance
group (P=0.009), the mean value of BMI was within normal
range. There were no significant differences in other clinical
characteristics.
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Table II. Univariate and multivariate analyses of survival for
hepatocellular carcinoma by Cox proportional hazard model.

Variable HR 95% C1 P-value
Univariate analysis _
Gender 1.12 0.70-1.80 0.637
Age 126 0.78-2.02 0.341
BMI 1.16 0.66-2.05 0.609
Alcohol drinking 1.32 0.77-2.27 0319
Child-Pugh class® 2.81 1.74-4.54 <0.0001
Glucose intolerance 1.53 0.93-2.50 0.093
AFP 0.92 0.58-1.46 0.725
Tumor stage® 1.75 1.09-2.82 0.021
Maximal tumor size 0.97 0.48-195 0.932
Multivariate analysis
Child-Pugh class® 3.37 1.95-5.82 <0.0001

BMI, body mass index; AFP, alpha-fetoprotein. *Child-Pugh scoring
system (23). "TNM classification (24).

Disease-free survival rate and survival rate based on glucose
intolerance in male patients. Disease-free survival rates were
not significantly different between the two groups (Fig. 2A)
(P=0.378). The 1-, 2-, and 3-year disease-free survival rates
were 45.5, 27.3, and 18.2%, respectively, in the glucose
intolerance group and 61.5, 32.7, and 26.9%, respectively, in

Table I. Comparison of patient characteristics based on glucose intolerance.

Glucose intolerance group

Normal glucose tolerance group

(n=39) (n=79) P-value
Gender (male/female) 22/17 52/27 0.320
Age (yrs.) 67.7£70 66.5+6.8 0.339

BMI 238+2.6 22.1x24 0.0008
Alcohol drinking (+/-) 9/30 18/61 0972
Child-Pugh class (A/B/C)® 25/13/1 60/18/1 0.392
AST QUM 794+31.9 76.0+35.6 0.355
Bilirubin (mg/dl) 12+04 1.0+04 0.048
Albumin (g/dl) 34104 36104 0.007
AFP (ng/ml) 224449920 414.8+2363.2 0.567
HCV core 5031.3+5335.1 3235.1£3798.7 0.049
Tumor stage (I/IT)® 23/16 54/25 0423
Maximal tumor size (mm) 20.0+8.1 2104103 0.777
(=30 />30 to <50) 36/3 66/13 0.258

Data are expressed by mean + SD. BMI, body mass index; AST, glutamine oxaloacetic transaminase; AFP, alpha-fetoprotein; HCV,
hepatitis C virus. *Child-Pugh scoring system (21). YTNM classification (22).




ONCOLOGY REPORTS 18: 545-552, 2007 549
Table III. Comparison of the characteristics of male patients based on glucose intolerance.
Glucose intolerance group Normal glucose tolerance group
(n=22) (n=52) P-value

Age (yrs.) 65.6+6.9 66.7+6.8 0586
BMI 234422 21.7£24 0.009
Alcohol drinking (+/-) 9/13 18/34 0.609
Child-Pugh class (A/B/C)? 15/6/1 44/8/0 0.133
AST (IUM) 8204325 77.0£36.8 0.303
Bilirubin (mg/dl) 1.1104 10+0.3 0.052
Albumin (g/dl) 35404 37404 0.079
AFP (ng/ml) 3374413210 183.9+554.2 0.404
Tumor stage (VII)® 12/10 33/19 0.647
Maximal tumor size (mm) 21.1+8.6 21.0+10.3 0.776

(=30/>30 to <50) 20/2 44/8 0.725

Data are expressed by mean + SD. BMI, body mass index; AST, glutamine oxaloacetic transaminase; AFP, alpha-fetoprotein. *Child-Pugh

scoring system (23). "TNM classification (24).
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Figure 1. Comparison of disease-free survival rate (A) and cumulative
survival rate (B) for all HCC patients between the normal ghucose tolerance
and the glucose intolerance groups.

Table IV. Univariate and multivariate analyses of survival
for hepatocellular carcinoma in males by Cox proportional

hazard model.

Variable HR 95% ClI P-value
Univariate analysis
Age 1.14 0.64-2.04 0.649
BMI 0.96 0.43-2.15 0.920
Alcohol drinking 127 0.70-2.31 0.428
Child-Pugh class® 3.79 1.96-7.14 <0.0001
Glucose intolerance 195 1.03-3.62 0.039
AFP 1.15 0.65-2.05 0.628
Tumor stage® 205 1.11-3.80 0.023
Maximal tumor size 094 0.40-2.21 0.880
Multivariate analysis
Child-Pugh class® 426 1.95-9.34 0.0003
Glucose intolerance 2.30 1.05-5.03 0.036

BMI, body mass index; AFP, alpha-fetoprotein. *Child-Pugh scoring

system (23). "TNM classification (24).

the normal glucose tolerance group. On the other hand, the
cumulative survival rate in the glucose intolerance group was
significantly poorer than that in the normal glucose tolerance
groups (Fig. 2B) (P=0.036). The 1-, 3-, and 5-year cumulative
survival rates were 100, 50, and 36.4%, respectively, in the
glucose intolerance group and 98, 84.3, and 56.5%,

respectively, in the normal glucose tolerance group.
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Figure 2. Comparison of disease-free survival rate (A) and cumulative
survival rate (B) for male HCC patients between the normal glucose
tolerance and the glucose intolerance groups.

Univariate and multivariate analysis in male patients. The
results of univariate analysis of male patients are shown in
Table IV. Child-Pugh class (HR: 3.79, 95% CI: 1.96-7.14,
P<0.0001), glucose intolerance (HR: 1.95, 95% CI: 1.03-3.62,
P=0.039) and tumor stage (HR: 2.05, 95% CI: 1.11-3.80,
P=0.023) were identified as being statistically independent
prognostic factors. In the multivariate analysis, Child-Pugh
class (HR: 4.26, 95% CI: 1.95-9.34, P=0.0003) and glucose
intolerance (HR: 2.30, 95% CI: 1.05-5.03, P=0.036) were
identified as independent prognostic factors.

Protein expression levels of SHIP2 in the tumor and nontumor
livers from HCC patients. Protein expression levels of SHIP2
in tumor and nontumor livers from patients with HCC were
examined by immunoblotting and immunostaining. Immuno-
blotting revealed that SHIP2 expression was decreased in
HCC tissues compared to that in nontumor tissues (Fig. 3A).
Quantitation of immunoblotting intensity confirmed that
SHIP2 expression was significantly down-regulated in HCC
tissues compared to that in nontumor tissues (48.5+17.2 vs.
15124353 arbitrary units, P<0.05) (Fig. 3B). Immunostaining
demonstrated cytoplasmic SHIP2 expression in nontumor
hepatocytes, but not in peripherally located well-differentiated
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Figure 3. Expression levels of SHIP2 in tumor and nontumor livers from
patients with HCC. (A) Immunoblotting for SHIP2. Proteins from tumor and
nontumor extracts were immunoblotted with anti-SHIP2 antibodies. (B)
Quantitation of immunoblotting intensity for SHIP2 in tumor and nontumor
tissues. (C) Immunostaining for SHIP2. SHIP2 staining of liver sections
from border areas between HCC tissue (T) and nontumor tissue (NT), (D)
turnor tissue, and (E) nontumor tissue. (F) Quantitation of immunostaining
intensity for SHIP2 in tumor and nontumor sections.
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HCC cells (Fig. 3C-E). Quantitation of immunostaining
intensity confirmed that SHIP2 expression was significantly
decreased in HCC cells compared to that of nontumor
hepatocytes (13.5+3.1 vs. 192.2+15.9 arbitrary units, P<0.01)

(Fig. 3F).
Discussion

In Japanese HCC patients, survival is poorer in patients with
diabetes mellitus compared to those without diabetes mellitus
(29). On the other hand, two other cohort studies had reported
that diabetes mellitus does not have a significant influence on
the perioperative outcome or prognosis after hepatic resection
for HCC (30,31). Thus, the impact of glucose intolerance for
HCC patients remains controversial. A major contrast between
their studies is that the majority of Japanese patients had
HCV infection, whereas the patients of other studies had
predominantly HBV infection. In a large population based
cohort study, the relative risk for the development of HCC
among those with HBV infection was 9.6, and the relative
risk among those with HCV infection was 2.7. This result
suggests that HBV itself, compared to HCV, may have greater
potential for being carcinogenic (32). Furthermore, we
previously reported that more severe insulin resistance was
present in patients with HCV infection than in patients with
HBYV infection. HCV core protein has been reported as a
responsible factor to the development of glucose intolerance
(9). Similarly, HCV core protein level was associated with
glucose intolerance. Therefore, glucose intolerance may have
a significant influence on survival of HCC patients with HCV
infection.

In this study, we investigated the impact of glucose
intolerance in HCC patients with HCV infection. We observed
no change in either disease-free survival or long-term survival.
Barbara et al reported that Child-Pugh class was independently
correlated with survival in the natural history of small untreated
HCC among patients with cirrhosis (33). In agreement with
the previous study, Child-Pugh class was an independent
prognostic factor in the multivariate analysis of this study.
Thus, our data imply that the ability to change the clinical
course of the disease is strongly influenced by liver function.

Although the effect of glucose intolerance as a survival
predictor was not significant, the significance of glucose
intolerance in HCC patients was disclosed by stratification
of gender. In male HCC patients, glucose intolerance was
associated with significant decrease in long-term survival rate,
although no difference was observed in disease-free survival
between patients with and without glucose intolerance. It is
presently uncertain why a gender difference was observed in
the negative relationship between glucose intolerance and
long-term survival of HCC patients with HCV. However, we
showed that fasting insulin level was significantly higher in
males than in females. It is possible that increased insulin
resistance in male patients is associated with long-term
survival of HCC patients.

In order to examine risk factors for long-term survival
of male HCC patients, we performed univariate and
multivariate analyses. In both analyses, the Child-Pugh class
and glucose intolerance was identified as statistically
independent prognostic factors. It remains unclear how glucose
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intolerance is involved in survival. It could be explained as
insulin resistance contributing to fibrotic progression in chronic
hepatitis with HCV infection (34). Furthermore, diabetes
mellitus is an independent prognostic factor associated with the
occurrence of hepatic decompensation in HCC patients (35).
Thus, our findings suggest that the presence of glucose
intolerance in HCC patients causes a more severely impaired
liver function, which results in poor long-term survival. An
alternative mechanism is that glucose intolerance could be a
significant factor contributing to the growth rate of HCC.
Saito et al reported the effect of hyperinsulinaemia on growth
of human HCC (36). In addition, clinical studies have reported
that high cell proliferation activity is an important survival
predictor for HCC patients (37). Collectively, increased insulin
levels may stimulate the growth of HCC, and survival may be
reduced in male HCC patients.

Suppression of insulin signaling is also related to growth
of HCC. Phosphatase and tensin homolog deleted on
chromosome 10 (PTEN) is a suppressor of insulin signaling
and it is frequently mutated or deleted in a variety of human
cancers (38). Decreased PTEN expression levels are involved
in the pathogenesis of HCC, and this decrease was correlated
with tumor progression and poorer prognosis (39). SHIP2 is
also known to be a pegative regulator of insulin signaling
(16,17). In chronic myeloid leukemia cells, overexpression of
SHIP2 results in decreased insulin sensitivity, which strongly
reduces cell proliferation (40). Thus, although the important
role of SHIP2 as a tumor suppressor has been clarified in
insulin signaling, the changes in SHIP2 on HCC has not been
investigated. In this study, immunoblotting and immuno-
staining showed significant decreases in SHIP2 expression
level in HCC tissues compared to nontumor tissue. These
results suggest that down-regulated SHIP2 expression leads
to increased sensitivity to insulin, which is linked to cell
proliferation in HCC.

In conclusion, in this study we showed that glucose
intolerance is an independent factor of poor prognosis in male
HCC patients with HCV infection and expression of SHIP2
is significantly down-regulated in human HCC.
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