IP (anti-myc) Lysate
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Fig. S5. 14-3-3 binding does not significantly disrupt the interaction of TRIM32 with AGO1 or Abi2. HEK293 cells transiently
transfected with the indicated plasmids (5 pg each) were lysed with 1% Triton X-100 and then subjected to immunoprecipitation (IP)
with anti-myc after normalizing levels of expressed proteins in each IP experiment. The amounts of myc- and FLAG-tagged proteins
in the immunoprecipitates (left panels) and in lysates (right panels) were analyzed by western blotting (WB) with the indicated
antibodies. Molecular size markers, in kDa, are indicated to the left.

Table S1. List of 14-3-3-associated proteins consistently identified in at least two LC-MS/MS analyses
Download Table 81
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Polymorphisms of the Core, NS3, and NS5a Proteins
of Hepatitis C Virus Genotype 1b Associate With

Development of Hepatocellular Carcinoma

Ahmed El-Shamy,** Michiko Shindo,*** Tkuo Shoji," Lin Deng,' Tadao Okuno,® and Hak Hotta'

Hepatocellular carcinoma (HCC) is one of the common sequelae of hepatitis C virus (HCV)
infection. It remains controversial, however, whether HCV itself plays a direct role in the de-
velopment of HCC. Although HCV core, NS3, and NS5A proteins were reported to display
tumorigenic activities in cell culture and experimental animal systems, their clinical impact
on HCC development in humans is still unclear. In this study we investigated sequence poly-
morphisms in the core protein, NS3, and NS5A of HCV genotype 1b (HCV-1b) in 49
patients who later developed HCC during a follow-up of an average of 6.5 years and in 100
patients who did not develop HCC after a 15-year follow-up. Sequence analysis revealed
that Gln at position 70 of the core protein (core-Gln’®), Tyr at position 1082 plus Gln at
1112 of NS3 (NS3-Tyr'%%%/GlIn''*?), and six or more mutations in the interferon/ribavirin
resistance-determining region of NS5A (NS5A-IRRDR>6) were significantly associated with
development of HCC. Multivariate analysis identified core-Gln’®, NS3-Tyr'%*%/Gln"'""?, and
a-fetoprotein (AFP) levels (>20 ng/L) as independent factors associated with HCC. Kaplan-
Meier analysis revealed a higher cumulative incidence of HCC for patients infected with
HCYV isolates with core-Gln”°, NSS-Tyrmszl GIn'''? or both than for those with non-(Gln”®
plus NS3-Tyr'%*%/GIn"'"?). In most cases, neither the residues at position 70 of the core pro-
tein nor positions 1082 and 1112 of the NS3 protein changed during the observation pe-
riod. Conclusion: HCV isolates with core-Gln’® and/or NS3-Tyr'®*?/GIn'''? are more
closely associated with HCC development compared to those with non-(Gln”® plus NS3-

Tyr1 982/GIn' %), (HepatoLoGY 2013;58:555-563)

See Editorial on Page 491

epatitis C virus (HCV) is a major etiologic agent
of chronic hepatitis worldwide, with the esti-
mated number of infected individuals being
more than 180 million. Approximately 15% to 20% of
chronically infected individuals undergo liver cirrhosis in a
decade or so after infection, with hepatocellular carcinoma
(HCC) arising from cirrhosis at an estimated rate of 1%
to 4% per year." Several host factors such as male gender,
older age, elevated o-fetoprotein (AFP) level, advanced

liver fibrosis as well as nonresponsiveness to interferon
(IFN) therapy have been reported as important predictors
of HCC development.*® Recently, a host genetic factor,
ie., the DEPDCS5 locus polymorphism, was reported to
be associated with progression to HCC in HCV-infected
individuals.® On the other hand, it remains controversial
as to whether HCV itself plays a direct role in the develop-
ment of HCC. Experimental data suggest that HCV con-
tributes to HCC by modulating pathways that promote
malignant transformation of hepatocytes. HCV  core,
NS3, and NS5A proteins were shown to be involved in a

Abbreviations: HCC, hepatocellular carcinoma; HCYV, hepatitis C virus; IEN, interferon; IRRDR, interferon/ribavirin resistance-determining region; ISDR,

interferon sensitivity-determining region.
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number of potentially oncogenic pathways in cell culture
and experimental animal systems.” HCV core protein
rendered cultured cells more resistant to apoptosis®® and
promoted a5 oncogene-mediated  transformation.'®""
Moreover, transgenic mice expressing the HCV core pro-
tein in the liver developed HCC."> However, the clinical
impact of HCV proteins on HCC development in
humans and whether all HCV isolates are equally associ-
ated with HCC is yet to be determined. In a clinical set-
ting, HCV core protein mutations at positions 70 (Gln”®)
and/or 91 (Met™") were closely associated with HCC de-
velopment.®'® Gln” and/or Met”! were also linked to
resistance to PEG-IFN/ribavirin (RBV) treatment.'”?° In
addition, we and other investigators reported that an N-
terminal part of the NS3 protein has the capacity to trans-
form NIH3T3 and rat fibroblast cells*** and to render
NIH3T3 cells more resistant to DNA damage-induced
apoptosis, which is thought to be a prerequisite for malig-
nant transformation of the cell.?” Also, the NS5A protein
is a pleiotropic protein with key roles in both viral RNA
replication and modulation of the host cell functions.?* In
particular, the links between NS5A and the IFN responses
have been widely discussed. It was proposed initially that
sequence variations within a region in NS5A spanning
from amino acids (aa) 2209 to 2248, called the IFN sensi-
tivity-determining region (ISDR), were correlated with
IFN responsiveness.”> Subsequently, in the era of PEG-
IFN/RBV  combination therapy, we identified a new
region near the C-terminus of NS5A spanning from aa
2334 to 2379, which we referred to as the IFN/RBV re-
sistance-determining region (IRRDR).***” The degree of
sequence variations within the IRRDR was significanty
associated with the clinical outcome of PEG-IFN/RBV
therapy. In the context of HCC, several retrospective stud-
ies suggested that [FN-based therapy might reduce the risk
of HCC development,**53°

In an attempt to clarify whether viral factors, in par-
ticular those within the core, NS3, and NS5A proteins,
are involved in HCC development, we carried out a
comparative analysis of the aa sequences obtained from
HCV patients who developed HCC and those who did
not. In addidon, we studied the sequence evolution of
these genes in the interval between chronic hepatitis C
and HCC development over a period of 15 years.

HEPATOLOGY, August 2013

Patients and Methods

Ethics Statement. The study protocol, which con-
forms to the provisions of the 1975 Declaration of
Helsinki, was approved beforehand by the Ethic Com-
mittees in Akashi City Hospital and Kobe University
Graduate School of Medicine, and written informed
consent was obtained from each patient enrolled in
this study.

Patients. A total of 49 HCV-infected patients who
developed HCC (HCC group) were retrospectively
examined. They were followed up (from 1988 to
2003) with an average period until HCC development
being 6.5 * 2.9 years. Paired serum samples at the
time of chronic hepatitis C (pre-HCC sample) and
HCC development (post-HCC sample) were collected.
As a control group, 100 HCV-infected patients who
were followed up over a period of 15 years (from
1988 to 2003) without HCC development were retro-
spectively examined. Serum samples of the control
group were available at the tme of first visit to the
clinic. All patients enrolled in this study were chroni-
cally infected with HCV genotype 1b (HCV-1b).
HCV subtype was determined as reported previously.”!
Serum HCV RNA titers were quantitated by reverse-
transcription  polymerase chain reaction (RT-PCRO
with an internal RNA standard derived from the 5
noncoding region of HCV (Amplicor HCV Monitor
test, v. 2.0, Roche Diagnostics, Tokyo, Japan). All
patients underwent liver biopsy and were diagnosed as
chronic hepatitis.y All HCC and 68% (68/100) of non-
HCC patients received IFN-monotherapy, either natu-
ral IFN alpha (Sumiferon, Dainipponsumitomo Phar-
maceutical, Osaka, Japan) at a dose of 6 million units
(MU) or recombinant IFN alpha 2b (Intron A; Sche-
ring-Plough, Osaka, Japan) at a dose of 10 MU, 3
times a week for 6 months. All HCC patients were
nonresponders (NR), who had detectable viremia dur-
ing the entire course of IFN treatment. On the other
hand, 18 (26%) of the 68 non-HCC patients treated
with IFN achieved HCV RNA negativity at the end of
treatment followed by rebound viremia within 6
months after the treatment and, therefore, they were
referred to as relapsers. The other 50 IFN-treated,
non-HCC patients were NR. The remaining 32 non-
HCC patients did not receive IFN. All patients were

Address reprint requests to: Hak Hotta, M.D., Ph.D., Division of Microbiology, Kobe University Graduate School of Medicine, 7-5-1 Kusunoki-cho, Chuo-feu,

Kobe 650-0017, Japan. E-mail: hotta@kobe-u.ac.jp; fax: +81-78-382-5519.
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seen every 2 months and tested for liver function
markers during the follow-up period.

Sequence Analysis of HCV Core, NS3, and NS5A
Proteins. HCV RNA was extracted from 140 ul of
serum using a commercially available kit (QIAmp viral
RNA kit; Qiagen, Tokyo, Japan). The core, NS3, and
NS5A regions of the HCV genome were amplified as
described  elsewhere.*®?*3%  The sequences of the
amplified fragments determined by direct
sequencing. The aa sequences were deduced and
aligned using GENETYX Win software version 7.0
(GENETYX, Tokyo, Japan). The numbering of aa was
according to the polyprotein of the prototype of
HCV-1b; HCV-].*

Statistical Analysis. Statistical differences in the
baseline parameters of HCC and control groups were
determined by Student’s 7 test for numerical variables
and Fisher’s exact probability or chi-square tests for
categorical variables. Likewise, statistical differences in
viral mutations between HCC and control groups
were determined by Fisher’s exact probability test.
Kaplan-Meier analysis was performed to estimate the
cumulative incidence of HCC. The data obtained were
evaluated by the log-rank test. Univariate and multi-
variate logistic analyses were performed to identify var-
iables that independently associated with HCC devel-
opment. Variables with 2 < 0.1 in univariate analysis
were included in a backward stepwise multivariate
logistic regression analysis. The odds ratios and 95%
confidence intervals (95% CI) were calculated. All sta-
tistical analyses were performed using SPSS v. 16 soft-
ware (Chicago, IL). Unless otherwise stated, P < 0.05
was considered statistically significant.

Nucleotide Sequence Accession Numbers. The
sequence data reported in this article have been depos-
ited in the DDBJ/EMBL/GenBank nucleotide
sequence databases with the accession numbers

AB719460 through AB719842.

were

Results

Demographic Characteristics of HCC and Conirol
Groups. The clinical characteristics of HCC and con-
trol groups are shown in Table 1. The HCC group
had significantly higher titers of ALT, AST, and AFP,
and higher fibrosis staging score than that of the con-
trol group. There was no significant difference in vire-
mia titers between the two groups.

Correlation Between Core Protein Sequence Poly-
morphism and HCC Development. HCV core pro-
tein sequences were obtained from all (49/49) and
94% (94/100) of pre-HCC and control patients” sera,
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Table 1. Demographic Characteristics of HCC

and Control Groups

Factor HCC Control P Value
Age 57.3 = 7.0% 56.4 = 8.3 0.54
Sex (male/female) 31/18 54/46 0.29
ALT (lu/L) 159.4 + 79.8 129.7 = 51.5 0.007
AST (U/L) 113.0 = 62.2 91.6 = 44.1 0.017
AFP (ng/L) 29.1 * 33.7 184 = 4.4 0.002
Platelets (x 10*/mm?) 16.2 + 2.8 162 + 24 0.88
Inflammation grading score 8.7 % 0.9 84 + 1.2 0.05
Fibrosis staging score 24 £05 22 *05 0.02
HCV-RNA (KIU/mL) 593.4 + 1123  618.1 = 95.9 0.17

*Mean = SD. HCC, hepatocellular carcinoma; ALT, alanine aminotransferase;
AST, aspartate transaminase; AFP; «-fetoprotein.

respectively. Comparative sequence analysis revealed
that 22 (45%) of 49 HCV isolates in the pre-HCC
sera (pre-HCC isolates) and 59 (63%) of 94 HCV iso-
lates from the control group (control isolates) had
wild-core (Argm/Leum) (Table 2). The difference
between HCC and control groups was hovering at a
statistically significant level (2 = 0.05). When the
sequence pattern at position 70 alone was examined, a
stronger association with HCC was observed. We
found that 21 (43%) of 49 pre-HCC isolates had
GIn”® while only 13 (14%) of 94 control isolates did
(P = 0.0002). On the other hand, there was no signif-
icant correlation between sequence pattern at position
91 and HCC. Thus, a single mutation at position 70
(GIn”®) was the only polymorphic factor within core
protein that was significantly associated with HCC de-
velopment. It should be noted that there was no signif-
icant correlation between GIn”® and the degree of fi-
brosis progression (data not shown).

Correlation Between NS3 Protein Sequence Poly-
morphism and HCC Development. Sequences of NS3
serine protease domain (aa 1027 to 1146) were
obtained from 94% (46/49) and 93% (93/100) of
pre-HCC and control isolates, respectively. We found
that 29 (63%) of 46 pre-HCC isolates had Tyr and
Gln at positions 1082 and 1112, respectively (Tyr'*%/
GIn'''?), while 39 (42%) of 93 control isolates did
(Table 2). The difference in the proportion between
pre-HCC and control isolates was statistically signifi-
cant (P = 0.029). On the other hand, there was no
significant correlation between Tyr'*®?/GIn"'"? and the
degree of fibrosis progression (data not shown).

Correlation Between NS5A Protein Sequence
Polymorphism and HCC Development. NSS5A pro-
tein sequences were obtained from 92% (45/49) and
74% (74/100) of pre-HCC and control isolates,
respectively. Twenty-four (53%) of 45 pre-HCC iso-
lates had IRRDR of 6 or more mutations IRRDR>6)
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Table 2. Correlation Between HCC and Sequence
Polymorphic Factors of Core, NS3 and NS5A

No. of Subjects / No. of Total*

HCV Protein Factor HCC Control P Value
Core Wild-core (Arg™®/  22/49 (45%)  59/94 (63%) 0.05
Leu®t)
Non-wild-core 27/49 (55%)  35/94 (37%)
Gin® 21/49 (43%)  13/94 (14%)  0.0002
Non-GIn™® 28/49 (57%)  81/94 (86%)
Leu®! 37/49 (76%)  70/94 (74%) 1.0
Non- Leu®* 12/49 (24%)  24/94 (26%)
NS3 W% / gin''*2 29/46 (63%)  39/93 (42%)  0.029
Non-(Tyrt%82 / 17/46 (37%)  54/93 (58%)
Gln“m)
NSBA IRRDR>6 24/45 (53%)  15/74 (20%)  0.0003
IRRDR<5 21/45 (47%)  59/74 (80%)
ISDR>3 11/45 (24%)  8/74 (11%) 0.07
ISDR<2 34/45 (76%)  66/74 (89%)
Asn??218 11/45 (24%) 3/74 (4%) 0.002
Non-Asn?2!8 34/45 (76%)  71/74 (96%)

*Number of subjects with a given factor / total number of HCC or control.
HCC, hepatocellular carcinoma; Arg7°, arginine at position 70 of the core pro-
tein; Leu®®, leucine at position 91 of the core protein; GIn™®, glutamine at posi-
tion 70 of the core protein; Tyr'®®2, tyrosine at position 1082 of NS3; GIn1*2,
glutamine at position 1112 of NS3; IRRDR, interferon/ribavirin resistance-deter-
mining region; ISDR, interferon sensitivity-determining region; Asn®?'®, aspara-
gine at position 2218 of NS5A-ISDR.

while only 15 (20%) of 74 control isolates did (Table
2; P = 0.0003). We also found that pre-HCC isolates
tended to have a higher degree of sequence heterogene-
ity in ISDR than control isolates, although not statisti-
cally significant due probably to the small number of
cases examined; 11 (24%) of 45 pre-HCC isolates and
8 (11%) of 74 of control isolates had ISDR with three
or more mutations (2 = 0.07). Moreover, Asn at posi-
tion 2218 (Asn**'®) within the ISDR was found in
24% (11/45) of pre-HCC isolates and only in 4% (3/
74) of the control isolates (P = 0.002), suggesting that
Asn**'® is significantly associated with development of
HCC.

Cumulative HCC Incidence on the Basis of Core-
Gln”™°, NS3-Tyr"°/Gin"""?, NS5A-IRRDR>6, and
NS54-Asn”?", Follow-up study revealed that the cu-
mulative HCC incidence in patients infected with
HCV-1b isolates with core protein of Gln’® and those
of non-GIn”®, respectively, was 29% and 5% at the
end of 5 years, 56% and 23% at the end of 10 years,
and 63% and 26% at the end of 15 years (Fig. 1A),
with the differences between the two groups being
statistically significant (P < 0.0001; Log-rank test).
Likewise, the cumulative HCC incidence in patients
infected with HCV-1b isolates with NS3 of Tyr'*®%/
GIn'""? and those of non—(TyrlOSz/Glnuu), respec-
tively, was 15% and 7% at the end of 5 years, 37%
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and 24% at the end of 10 years, and 45% and 24% at
the end of 15 years (P = 0.02) (Fig. 1B). Also, the cu-
mulative HCC incidence in patients infected with
HCV-1b isolates of IRRDR>6 and those of
IRRDR<5, respectively, was 18% and 10% at the end
of 5 years, 59% and 22% at the end of 10 years, and
63% and 27% at the end of 15 years (P = 0.0002)
(Fig. 1C). Similarly, the cumulative HCC incidence in
patients infected with HCV-1b isolates of Asn**'® and
those of non-Asn>>'%, respectively, was 31% and 9%
at the end of 5 years, 77% and 28% at the end of 10
years, and 77% and 33% at the end of 15 years (P =
0.0003) (Fig. 1D).

Identification of Independent Factors Correlated
With HCC Development by Univariate and Multi-
variate Logistic Regression Analyses. In order to
identify significant independent factors associated with
HCC development, all available data of baseline
patients’ parameters and core, NS3, and NS5A poly-
morphic factors were first analyzed by univariate logis-
tic analysis. This analysis yielded eight factors that
were significantly associated with HCC development:
core-Gln”°, NS3—(Tyr1082/Gln1112), NSSA-IRRDR>0,
NS5A-Asn??'8, increased levels of ALT (>165 IU/L),
AST (>65 IU/L), and AFP (>20 ng/L), and fibrosis
staging score (>3). Subsequently, those eight factors
were entered in multivariate logistic regression analysis.
This analysis identified two viral factors, core-Gln”®
and NSB—(Tyrlogz/Gln”u), and a host factor, AFP
levels (>20 ng/L), as independent factors associated
with HCC development (Table 3).

The vast majority of pre-HCC isolates (85%; 39/
46) had core-GIn”® and/or NS3-Tyr'%%%/GIn''"? and
only 15% (7/46) had non-(Gln”° plus NS3-Tyr' %%/
Gln''"?). By contrast, about a half of control isolates
(52%; 46/89) had non-(Gln”® plus NS3-Tyr' %%/
Gln''?) (Fig. 2A). The difference in the proportion
between HCC and control groups was statistically sig-
nificant (P < 0.0001). Furthermore, the cumulative
HCC incidence after 15-year follow-up was highest
(63%) among patients with core-GIn”® plus NS3-
(Tyr'%®2/GIn'''?), whereas it was lowest (11%) among
patients with non-(Gln”® plus NS3-Tyr'**/GIn'''?)
(Fig. 2B), with the difference being statistically signifi-
cant (P < 0.0001; Log-rank test).

Evolution of the Sequences of the Core, NS3, and
NS5A Proteins During the Follow-up Period From
Chronic Hepatitis to HCC Development. Finally, we
investigated sequence evolution of the core protein,
NS3 and NS5A (IRRDR and ISDR) during the follow-
up period from chronic hepatitis to HCC development
by comparing the sequences between pre-HCC and

— 621 —



HEPATOLOGY, Vol. 58, No. 2, 2013

A Core

100+
90+
80
70~

P < 0.0001

HR =47
GIn™®

Non-GIn7®

Incidence of HCC %

T T
10 15
Observation period, years

20

C NSS5A-IRRDR

100~
90~
80+
70+
60+

P =0.0002

HR =35
IRRDR=26

IRRDR=5

Incidence of HCC %

15
Observation period, years

EL-SHAMY, SHINDO, ET AL.

B Ns3

Incidence of HCC %

D

Incidence of HCC %

100+

P=0.02
HR=22

Tyr1082 / GmT 112

Non-(Tyr'082 / GIn1112)

peledobaodat

Observation period, years

NS5A-Asn?218

100-
90
80+
70+

50+
40+

£ =0.0003
HR =738

Asn?218

Non-Asn2218

. bolodabe!
o a

15 20
Observation period, years

559

Fig. 1. Cumulative HCC incidence on the basis of HCV-1b sequence patterns. (A) Position 70 of the core protein. The numbers of core-Gin"®
and non-GIn"® analyzed were 34 and 109, respectively. (B) Positions 1082 and 1112 of NS3. The numbers of NS3-(Tyr'%?/GIn***2) and non-
(Tyr*%82/GIn''2) analyzed were 68 and 71, respectively. (C) NS5A-IRRDR. The numbers of NS5A-IRRDR>6 and IRRDR<5 analyzed were 39 and
80, respectively. (D) NS5A-Asn?2%8. The numbers of NS5A-Asn?2*® and non-Asn??'® analyzed were 14 and 105, respectively.

post-HCC isolates. The residue at position 70 of the
core protein was conserved in 91% (41/45) of sequence
pairs analyzed. The substitutions observed at this posi-

tion were

from Arg’® and His”® each to Gln”® in two

cases and from Gln’® to Arg70 in the other two cases.
The residues at positions 1082 and 1112 of NS3 were
conserved in 95% (41/43) and 100% (43/43), respec-

tively, of the sequence pairs analyzed.

Table 3. Univariate and Multivariate Regression Analyses to Identify Independent Factors Associated With HCC

Univariate Multivariate

Variable Odds Ratio (95% CI) P Value 0dds Ratio (95% Cl) P Value
Core-GIn"® 0.23 (0.10 - 0.52) 0.0004 6.8 (2.1 - 23.0) 0.001
NS3-Tyrt082 / GIntt12 24 (1.1-4.9) 0.029 3.4 (1.1 - 10.0) 0.03
NS5A-IRRDR>6 45 (2.0 - 10.0) 0.0003
NS5A-Asn?218 7.7 (2.0 - 29.0) 0.002
AFP (>20 ng/L) 12 (5.1 - 30.0) 0.0001 19.5 (4.7 - 80.0) 0.0001
ALT (>165 1U/L) 4.0 (1.8 - 8.6) 0.0006
AST (>65 IU/L) 3.9 (1.5 - 10.0) 0.003
Fibrosis staging score (>3) 2.4 (1.1-4.9) 0.02

GIn™, glutamine at position 70 of the core protein; Tyr'%2, tyrosine at position 1082 of NS3; GIn'*2, glutamine at position 1112 of NS3; IRRDR, interferon/rib-

avirin resistance-determining region; Asn

2218

protein; IFN; intetferon.
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Fig. 2. (A) Proportions of HCV-1b isolates of the HCC high-risk
group (core-GIn™® and/or NS3-[yr'%2/GIn*1*?]) and the low-risk
group (non-GIn™® and non-[Tyr'°%2/GIn***?]) among HCC and control
groups. (B) Cumulative HCC incidence on the basis of different com-
bined sequence patterns of position 70 of the core protein and posi-
tions 1082 and 1112 of NS3. Core-GIn™® and NS3-(Tyr'%2/GInt12),
n = 18; core-GIn"® and non-(Tyr*°®2/GIn*!*2), n = 16; non-GIn™®
and NS3-(Tyr*%2/GIn***2), n = 48; non-Gin"®/non-(Tyr'%®2/GIn'112),
n = 53.

IRRDR and ISDR showed a high degree of
sequence evolution. IRRDR sequences were different
between pre-HCC and post-HCC isolates in 66%
(25/38) of cases analyzed (Fig. 3). IRRDR sequences
tended to be more polymorphic at the time of HCC
occurrence. Frequency of HCV  isolates with
IRRDR>6 was significantly higher in post-HCC iso-
lates than in pre-HCC isolates; IRRDR>6 was found
in 47% (18/38) of post-HCC isolates compared to
24% (9/38) of pre-HCC isolates (P = 0.03). On the
other hand, ISDR>3 was found in 21% (8/38) of
post-HCC isolates compared to 11% (4/38) of pre-
HCC isolates, with the difference between the two
groups being not statistically significant (2 = 0.3).

Discussion

HCC is one of the common long-term complica-
tions of HCV infection. However, whether HCV itself
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plays a direct role in the development of HCC and
whether all HCV isolates are equally associated with
HCC development remain to be determined. HCV
core, NS3, and NS5A proteins have been reported to
affect a wide variety of potentially oncogenic pathways
in cell culture and experimental animal systems.” In
the present study, we demonstrated that HCV isolates
with core-GIn%, NS3-Tyr'%%/Gln'''? or NS5A-
IRRDR>6 were closely associated with HCC develop-
ment. In addition, a follow-up study revealed that
sequence patterns at position 70 of the core protein
and positions 1082 and 1112 of NS3 did not signifi-
cantly alter during the progression from chronic hepa-
titis to HCC while NS5A-IRRDR showed a signifi-
cantly higher degree of sequence heterogeneity in post-
HCC than in pre-HCC isolates.

Correlation between polymorphisms at positions 70
and 91 of HCV-1b core protein and IFN-based treat-
ment outcome was extensively studied, especially in a
Japanese population.'”? Interestingly, the same muta-
tions were also associated with progression to HCC in
the Japanese population with HCV-1b infection.'?
Results obtained in the present study confirmed and
emphasized the significant association between the
mutation at position 70 (core-GIn®), but not at posi-
tion 91, and HCC development (Tables 2, 3; Fig.
1A). Despite the clinical evidence that strongly sup-
ports the correlation between core-Gln”® and HCC
development, the molecular mechanism underlying
this correlation is still obscure. Delhem et al.>® found
that tumor-derived HCV core proteins, but not nontu-
mor-derived ones, interact with and activate double-
stranded RNA-dependent protein kinase (protein ki-
nase R or PKR), which might modulate viral persist-
ence and carcinogenesis. Gln”® was found in two of
the three tumor-derived sequences, whereas Arg’® was
found in two of the three nontumor-derived ones.

As for the NS3 protein of HCV, the possible link
between an N-terminal portion of NS3 encoding viral
serine protease (aa 1027 to 1146) and hepatocarcino-
genesis was reported.ﬂ’22 However, information about
the relationship between NS3 sequence diversity and
HCC development is stll limited. We previously
reported a significant correlation between predicted
secondary structure of an N-terminal portion of NS3
and HCC development.*® In the present study, we
demonstrated that HCV patients infected with HCV
isolates with NS3-(Tyr'***/Gln''"?) were at a higher
risk to develop HCC than those infected with HCV
isolates with non—TyrlOSz/Gln1112 (Tables 2, 3; Fig.
2B). Computer-assisted secondary structure analysis of
NS3 revealed that Tyr'®* was associated with the
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Fig. 3. Pairwise comparison of IRRDR sequences of HCV-1b during the follow-up period between chronic hepatitis and HCC development.
Sequence pairs that differ between pre-HCC (numbered with -1) and post-HCC isolates (numbered with -2) are shown. The consensus sequence
(Cons.) is shown at the top. The numbers along the sequence indicate the aa positions. Dots indicate residues identical to those of the Cons.

sequence. The numbers of IRRDR mutations are shown on the right.

presence of a turn structure at around position 1083
while Phe'®®? was associated with the absence of the
turn structure.”® Notably, the catalytic triad of NS3
serine protease consists of His!083, Aspuw, and
Ser''® %7 Since positions 1082 and 1112 are in close
vicinity of the catalytic triad, sequences diversity at
these positions might influence the serine protease ac-
tivity and also pathogenicity of HCV. Large-scale,
multicenter clinical studies as well as more detailed ex-
perimental studies at the molecular and cellular levels
are needed to clarify the importance of sequence diver-
sity at positions 1082 and 1112 of NS3 in HCV-
mediated hepatocarcinogenesis.

HCV  heterogeneity in NS5A-ISDR and NS5A-
IRRDR  are correlated with  IFN-responsive-
ness.'”1822¢ A TFN-based therapy reduces the risk
of HCC development,***?° we were interested to
investigate whether there is a correlation between
sequence heterogeneity in NS5A and development of
HCC. Our present results revealed that a high degree
of sequence heterogeneity in IRRDR (IRRDR>6) was

closely associated with HCC development (Table 2).
We previously reported that IRRDR>6 was signifi-
cantly associated with good responses to PEG-IFN/
RBV combination therapy.*®*” These results collec-
tively suggest that oncogenic properties and PEG-IFN/
RBV responsiveness are independent viral characteris-
tics and that PEG-IFN/RBV therapy helps eliminate
oncogenic HCV isolates, thus reducing the risk of
HCC development.

Position 2218 of NS5A, located within ISDR,
appears to tolerate a wide range of aa substitutions as
observed in different HCV-1b isolates.”>***? Interest-
ingly, Asn at position 2218 (Asn**'®) was detected sig-
nificantly more frequently in pre-HCC isolates than in
the control Further studies are needed to
determine the possible importance of this residue in
hepatocarcinogenesis.

Another focus of attention is how the sequences of
the core protein, NS3, and NS5A-IRRDR evolve dur-
ing the interval between chronic hepatitis and HCC
development. One of the significant advantages of the

isolates.
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present study was that we could conduct a longitudinal
investigation by analyzing the target sequences of pre-
and post-HCC isolates. We found that core-GIn”® and
NS3-(Tyr'%*/GIn'""?) were well conserved in each
paired sample. This indicates that core-Gln”® and
NSS—(Tyrmgz/Glnulz) were already present before the
development of HCC. Non-GIn”® of the core pro-
tein and non-Tyr'°®* and non-GIn'"'? of NS3 were
also well conserved in each paired sample. These
results imply the possibility that these sequence pat-
terns were not a result of HCC but, rather, they
were a possible causative factor for the development
of HCC. We hypothesize, therefore, that HCV iso-
lates with core-GIn”® and/or NS3-(Tyr!'°®?/Gln''!?)
are highly oncogenic, whereas those with non-(Gln”°
plus NS3-Tyr'%?/GIn'''?) are less oncogenic. It is
not clear yet as to whether these oncogenic muta-
tions were present from the very beginning of HCV
infection or if they emerged at a certain timepoint
(before the initiation of follow-up) during the long-
term persistence through an adaptive viral evolution
in the host. More comprehensive follow-up study is
needed to address this issue. In any case, the core-
Gln’° and NSB—(TyrlogzlGln”u) would be consid-
ered an index for prediction of HCC development.
On the other hand, IRRDR in NS5A is more toler-
ant for sequence evolution. IRRDR in post-HCC
isolates showed a significantly higher degree of
sequence heterogeneity compared with that in pre-
HCC isolates. This observation suggests that IRRDR
is under strong selective pressure during the course
of HCV infection and that the high degree of
IRRDR heterogeneity (IRRDR>6) in HCV isolates
from patients with HCC may not be a causative fac-
tor for development of HCC.

In conclusion, the present results suggest the possi-
bility that patients infected with HCV isolates with
core-GIn”® and/or NS3-(Tyr'%®?/GIn'''?) are at a
higher risk to develop HCC compared to those with
non-(GIn”® plus NS3-Tyr'®*?/GIn'!''?).

References

1. Lauer GM, Walker BD. Hepatitis C virus infection. N Engl ] Med
2001;345:41-52.

2. Niederau C, Lange S, Heintges T, Erhardt A, Buschkamp M, Hurter
D, et al. Prognosis of chronic hepatitis C: results of a large, prospective
cohort study. HepaToLOGY 1998;28:1687-1695.

3. Tkeda K, Saitoh S, Suzuki Y, Kobayashi M, Tsubota A, Koida I, et al.
Disease progression and hepatocellular carcinogenesis in patients with
chronic viral hepatitis: a prospective observation of 2215 patients.
] Hepatol 1998;28:930-938.

4. Yoshida H, Shiratori Y, Moriyama M, Arakawa Y, Ide T, Sata M, et al.
Interferon therapy reduces the risk for hepatocellular carcinoma:

10.

11.

12.

13.

15.

16.

17.

18.

19.

20.

— 625 —

HEPATOLOGY, August 2013

national surveillance program of cirrhotic and noncirrhotic patients
with chronic hepatitis C in Japan. IHIT Study Group. Inhibition of
hepatocarcinogenesis by interferon therapy. Ann Intern Med 1999;131:
174-181.

. Lok AS, Seeff LB, Morgan TR, di Bisceglie AM, Sterling RK, Curto

TM, et al. Incidence of hepatocellular carcinoma and associated risk
factors in hepatitis C-related advanced liver disease. Gastroenterology

2009;136:138-148.

. Miki D, Ochi H, Hayes CN, Abe H, Yoshima T, Aikata H, et al. Vari-

ation in the DEPDCS locus is associated with progression to hepatocel-
lular carcinoma in chronic hepatitis C virus carriers. Nat Genet 2011;
43:797-800.

. Banerjee A, Ray RB, Ray R. Oncogenic potential of hepatitis C virus

proteins. Viruses 2010;2:2108-2133.

. Marusawa H, Hijikata M, Chiba T, Shimotohno K. Hepatitis C virus

core protein inhibits Fas- and tumor necrosis factor alpha-mediated
apoptosis via NF-«B activation. J Virol 1999;73:4713-4720.

. Ray RB, Meyer K, Ray R. Suppression of apoprotic cell death by hepa-

titis C virus core protein. Virology 1996;226:176-182.

Chang J, Yang SH, Cho YG, Hwang SB, Hahn YS, Sung YC. Hepati-
tis C virus core from two different genotypes has an oncogenic poten-
dal bur is not sufficient for transforming primary rat embryo
fibroblasts in cooperation with the H-7as oncogene. J Virol 1998;72:
3060-3065.

Ray RB, Lagging LM, Meyer K, Ray R. Hepatitis C virus core protein
cooperates with ras and transforms primary rat embryo fibroblasts to
tumorigenic phenotype. ] Virol 1996;70:4438-4443.

Moriya K, Fujie H, Shintani Y, Yotsuyanagi H, Tsutsumi T, Ishibashi
K, et al. The core protein of hepatitis C virus induces hepatocellular
carcinoma in transgenic mice. Nat Med 1998;4:1065-1067.

Akuta N, Suzuki F Kawamura Y, Yatsuji H, Sezaki H, Suzuki Y, et al.
Amino acid substitutions in the hepatitis C virus core region are the
important predictor of hepatocarcinogenesis. HEPATOLOGY 2007;46:
1357-1364.

. Akuta N, Suzuki F Hirakawa M, Kawamura Y, Sezaki H, Suzuki Y,

et al. Amino acid substitutions in hepatitis C virus core region predict
hepatocarcinogenesis following eradication of HCV RNA by antiviral
therapy. ] Med Virol 2011;83:1016-1022.

Akuta N, Suzuki F, Kawamura Y, Yatsuji H, Sezaki H, Suzuki Y, et al.
Substitution of amino acid 70 in the hepatitis C virus core region of
genotype 1b is an important predictor of elevated alpha-fetoprotein in
patients without hepatocellular carcinoma. ] Med Virol 2008;80:
1354-1362.

Kobayashi M, Akuta N, Suzuki F Hosaka T, Sezaki H, Kobayashi M,
et al. Influence of amino-acid polymorphism in the core protein on
progression of liver disease in patients infected with hepatitis C virus
genotype 1b. ] Med Virol 2010;82:41-48.

El-Shamy A, Shoji I, Saito T, Watanabe H, Ide YH, Deng L, et al.
Sequence heterogeneity of NS5A and core proteins of hepatitis C virus
and virological responses to pegylated-interferon/ribavirin combination
therapy. Microbiol Immunol 2011;55:418-426.

El-Shamy A, Kim SR, Ide YH, Sasase N, Imoto S, Deng L, et al. Poly-
morphisms of hepatitis C virus non-structural protein 5A and core pro-
tein and clinical outcome of pegylated-interferon/ribavirin combination
therapy. Intervirology 2012;55:1-11.

Akuta N, Suzuki E Sezaki H, Suzuki Y, Hosaka T, Someya T, et al.
Association of amino acid substitution pattern in core protein of hepa-
titis C virus genotype 1b high viral load and non-virological response
to interferon-ribavirin combination therapy. Intervirology 2005;48:
372-380.

Akuta N, Suzuki F, Kawamura Y, Yawsuji H, Sezaki H, Suzuki Y, et al.
Predictive factors of early and sustained responses to peginterferon plus
ribavirin combination therapy in Japanese patients infected with hepati-
ts C virus genotype 1b: amino acid substitutions in the core region
and low-density lipoprotein cholesterol levels. ] Hepatol 2007;46:
403-410.



HEPATOLOGY, Vol. 58, No. 2, 2013

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Sakamuro D, Furukawa T, Takegami T. Hepatitis C virus nonstructural
protein NS3 transforms NIH 3T3 cells. ] Virol 1995;69:3893-3896.
Zemel R, Gerechet S, Greif H, Bachmatove L, Birk Y, Golan-Gold-
hirsh A, et al. Cell transformation induced by hepatitis C virus NS3
serine protease. ] Viral Hepat 2001;8:96-102.

Fujita T, Ishido S, Muramatsu S, Itoh M, Hotta H. Suppression of ac-
tinomycin D-induced apoptosis by the NS3 protein of hepatitis C vi-
rus. Biochem Biophys Res Commun 1996;229:825-831.

Macdonald A, Harris M. Hepatitis C virus NS5A: tales of a promiscu-
ous protein. ] Gen Virol 2004;85:2485-2502.

Enomoto N, Sakuma I, Asahina Y, Kurosaki M, Murakami T, Yama-
moto C, et al. Mutations in the nonstructural protein 5A gene and
response to interferon in patients with chronic hepatitis C virus 1b
infection. N Engl ] Med 1996;334:77-81.

El-Shamy A, Nagano-Fujii M, Sasase N, Imoto S, Kim SR, Hotta H.
Sequence variation in hepatitis C virus nonstructural protein 5A pre-
dicts clinical outcome of pegylated interferon/ribavirin combination
therapy. HepaTOLOGY 2008;48:38-47.

Kim SR, El-Shamy A, Imoto S, Kim KI, Ide YH, Deng L, et al. Pre-
diction of response to pegylated interferon/ribavirin combination ther-
apy for chronic hepatitis C genotype 1b and high viral load. J
Gastroenterol 2012;47:1143-1151.

Ikeda K, Saitoh S, Arase Y, Chayama K, Suzuki Y, Kobayashi M, et al.
Effect of interferon therapy on hepatocellular carcinogenesis in patients
with chronic hepatitis type C: A long-term observation study of 1,643
patients using statistical bias correction with proportional hazard analy-
sis. HepaTOLOGY 1999;29:1124-1130.

Okanoue T, Itoh Y, Minami M, Sakamoto S, Yasui K, Sakamoto M,
et al. Interferon therapy lowers the rate of progression to hepatocellular
carcinoma in chronic hepatitis C but not significantly in an advanced
stage: a retrospective study in 1148 patients. Viral Hepatitis Therapy
Study Group. J Hepatol 1999;30:653-659.

Benvegnu L, Chemello L, Noventa F, Fattovich G, Pontisso B, Alberti
A. Retrospective analysis of the effect of interferon therapy on the clini-
cal outcome of patients with viral cirrhosis. Cancer 1998;83:901-909.
Okamoto H, Sugiyama Y, Okada S, Kurai K, Akahane Y, Sugai Y,
et al. Typing hepatitis C virus by polymerase chain reaction with type-
specific primers: application to clinical surveys and tracing infectious

sources. ] Gen Virol 1992;73:673-679.

32.

33.

34.

35.

36.

37.

38.

39.

EL-SHAMY, SHINDO, ET AL. 563

El-Shamy A, Sasayama M, Nagano-Fujii M, Sasase N, Imoto S, Kim
SR, et al. Prediction of efficient virological response to pegylated inter-
feron/ribavirin combination therapy by INSSA sequences of hepatitis C
virus and anti-NS5A antibodies in pre-treatment sera. Microbiol
Immunol 2007;51:471-482.

Ogata S, Nagano-Fujii M, Ku Y, Yoon S, Hotta H. Comparative
sequence analysis of the core protein and its frameshift product, the F
protein, of hepatitis C virus subtype 1b strains obtained from patients
with and without hepatocellular carcinoma. J Clin Microbiol 2002;40:
3625-3630.

Ogata S, Florese RH, Nagano-Fujii M, Hidajat R, Deng L, Ku Y,
et al. Identification of hepatitis C virus (HCV) subtype 1b strains that
are highly, or only weakly, associated with hepatocellular carcinoma on
the basis of the secondary structure of an amino-terminal portion of
the HCV NS3 protein. J Clin Microbiol 2003;41:2835-2841.

Kato N, Hijikata M, Ootsuyama Y, Nakagawa M, Ohkoshi S, Sugi-
mura T, et al. Molecular cloning of the human hepatitis C virus ge-
nome from Japanese patients with non-A, non-B heparitis. Proc Natl
Acad Sci U S A 1990;87:9524-9528.

Delhem N, Sabile A, Gajardo R, Podevin P, Abadie A, Blaton MA,
et al. Activation of the interferon-inducible protein kinase PKR by he-
patocellular carcinoma derived-hepatitis C virus core protein. Oncogene

2001;20:5836-5845.

Love RA, Parge HE, Wickersham JA, Hostomsky Z, Habuka N, Moo-
maw EW, et al. The crystal structure of hepatitis C virus NS3 protein-
ase reveals a trypsin-like fold and a structural zinc binding site. Cell
1996;87:331-342.

Saiz JC, Lopez-Labrador FX, Ampurdanes S, Dopazo ], Forns X, San-
chez-Tapias JM, et al. The prognostic relevance of the nonstructural 5A
gene interferon sensitivity determining region is different in infections
with genotype 1b and 3a isolates of hepatitis C virus. J Infect Dis
1998;177:839-847.

Sarrazin C, Berg T, Lee JH, Teuber G, Dietrich CE Roth WK, et al.
Improved correlation between multiple mutations within the NS5A
region and virological response in European patients chronically
infected with hepatitis C virus type 1b undergoing combination ther-
apy. ] Hepatol 1999;30:1004-1013.

— 626 —



C

e

& uic

global cancer control

[JC

International Journal of Cancer

High ubiquitous mitochondrial creatine kinase expression in
hepatocellular carcinoma denotes a poor prognosis with highly

malignant potential

Baasanjav Uranbileg’*, Kenichiro Enooku™?*, Yoko Soroida®, Ryunosuke Ohkawa®, Yotaro Kudo?,
Hayato Nakagawa®, Ryosuke Tateishi®, Haruhiko Yoshida®, Seiko Shinzawa?, Kyoji Moriya®, Natsuko Ohtomo?,
Takako Nishikawa?, Yukiko Inoue?, Tomoaki Tomiya?, Soichi Kojima®, Tomokazu Matsuura®, Kazuhiko Koike?,

Yutaka Yatomi® and Hitoshi lkeda®?

*Department of Clinical Laboratory Medicine, Graduate School of Medicine, The University of Tokyo, Tokyo, Japan

? Department of Gastroenterology, Graduate School of Medicine, The University of Tokyo, Tokyo, Japan

3 Department of Infection Control and Prevention, Graduate School of Medicine, The University of Tokyo, Tokyo, Japan
“Micro-signaling Regulation Technology Unit, RIKEN Center for Life Science Technologies, Wako, Saitama, Japan

> Department of Laboratory Medicine, The Jikei University School of Medicine, Tokyo, Japan

Key words: ubiquitous mitochondrial creatine kinase, ankyrin repeat
and suppressor of cytokine signaling box protein 9, hepatocellular
carcinoma, prognostic factor

Abbreviations: AFP: alpha-fetoprotein; ALT: alanine aminotrans-
ferase; ASB: ankyrin repeat and suppressor of cytokine signaling
box protein; AST: aspartate aminotransferase; DCP: des-gamma-
HCC:
hepatocellular carcinoma; HCV: hepatitis C virus; RFA: radiofre-

carboxy prothrombin; GGT: gamma-glutamyltransferase;
quency ablation; ROC: receiver operating characteristic; SOCS:
suppressor of cytokine signaling; uMtCK: ubiquitous mitochondrial
creatine kinase

*B.U. and K.E. contributed equally to this work

DOl 10.1002/ijc.28547

History: Received 2 July 2013; Accepted 1 Oct 2013; Online 15 Oct
2013

Correspondence to: Hitoshi Ikeda, Department of Clinical
Laboratory Medicine, Graduate School of Medicine, The University
of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8655, Japan,

Tel.: +81-3-3815-5411, Fax: +81-3-5689-0495,

E-mail: ikeda-1lim@h.u-tokyo.ac.jp

Int. J. Cancer: 134, 2189-2198 (2014) © 2013 UICC

Primary liver cancer, 95% of which is hepatocellular carci-
noma (HCC), is ranked third in men and fifth in women as
a cause of death from malignant neoplasms in Japan." Fur-
thermore, the worldwide incidence of HCC has increased
over several decades, and HCC has recently received consid-
erable attention as a common cause of mortality.” HCC often
arises in background of liver cirrhosis, which is formed as a
result of chronic viral infections, alcoholic injury and some
other disorders in the liver.”* Of note, HCC has recently
been linked to non-alcoholic fatty liver disease, and this asso-
ciation may contribute to the rising incidence of HCC wit-
nessed in many industrialized countries. It is also
problematic that HCC may complicate non-cirrhotic, non-
alcoholic fatty liver disease with mild or absent fibrosis,
greatly expanding the population potentially at higher risk.’
Because HCC has a poor prognosis due to its aggressive
nature, surgical resection and radiofrequency ablation (RFA)
are effective only in early stage of HCC.*® Recurrence occurs
almost in 70% of patients with HCC of the first occurrence
within 5 years.” Regarding the treatment of HCC in United
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etection. Ubiquitous mitochondrial creatine kinase (UMtCK) could be a promising marker in thls context, though its -
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Mitochondrial creatine kinase and hepatocellular carcinoma

genic mice susceptible to the loss of liver mitochondrial mtegnty, uMtCK was found to be elevated in HCC tissue but not in
non-tumorous liver tissue. lncreased thCK was further hnked to reduced expressmn of, ASB9 and elevated rlsk for HCC-

re{ated death.

States veterans, approximately 40% of patients were report-
edly diagnosed during hospitalization. Most patients were not
seen by a surgeon or oncologist for treatment evaluation and
only 34% received treatment.® Although there was no effec-
tive chemotherapy for advanced HCC for a long time, a
novel anti-cancer therapy such as anti-angiogenesis pathway
therapy has just recently been developed to prolong survival
in patients with the advanced disease.>'® However, its effect
is rather limited, just extending median survival from 7.9
months to 10.7 months in patients with advanced HCC.'
Thus, the effective way for early detection of HCC is urgently
needed. To this end, the recommended screening strategy for
patients with cirrhosis includes the determination of serum
alpha-fetoprotein (AFP) levels and an abdominal ultrasound
every 6 months to detect HCC at an earlier stage. AFP, how-
ever, is a marker characterized by poor sensitivity and speci-
ficity."! Although other potential markers such as des-
gamma-carboxy prothrombin (DCP) and squamous cell car-
cinoma antigen-immunoglobulin M complex have been pro-
posed to use for diagnosis of HCC, none of them is optimal;
however, when used together, their sensitivity in detecting
HCC is increased.'™* For cholangiocarcinoma, which is a
relatively rare type of primary liver cancer that originates in
the bile duct epithelium, carbohydrate antigen 19-9, carcino-
genic embryonic antigen and cancer antigen 125 have shown
sufficient sensitivity and specificity to detect and monitor it.
In particular, the combination of these markers seems to
increase their efficiency in diagnosing of cholangiocarcinoma.'®

In this context, we have recently reported that serum
mitochondrial creatine kinase (MtCK) activity is increased in
patients with HCC, even in those with early stage, suggesting
that MtCK may be useful to detect early stage of HCC.'S
Among two tissue-specific isozymes of MtCK, that is, ubiqui-
tous MtCK (uMtCK) and sarcomeric MtCK, we have found
that the increase in serum MtCK activity in HCC patients
was mostly due to that in serum uMtCK activity but not in
serum sarcomeric MtCK activity.'® Then, we have further
observed the higher expression of uMtCK mRNA in HCC
cell lines than in normal human liver tissues.'® Of note, the
increased uMtCK expression occurred not only upon malig-
nant changes in the liver, but also in several other malignant
tumors such as gastric cancer, breast cancer and lung cancer,
where the high expression of uMtCK suggests a poor
prognosis.'””** In contrast, uMtCK was down-regulated in
oral squamous cell carcinoma,”® and sarcomeric MtCK was

also down-regulated during sarcoma development in leg mus-
cle in mice.*" Therefore, we aimed to elucidate the mecha-
nism(s) and the significance of high uMtCK expression in
HCC in this study.

We first examined whether loss of mitochondrial integrity
might be involved in high uMtCK expression in HCC, using
hepatitis C virus (HCV) core gene transgenic mice. HCV
core protein has been first demonstrated to play a pivotal
role in HCC development within these transgenic mice,
which are known to lose mitochondrial integrity and subse-
quently develop HCC without apparent inflammation and
fibrosis in the liver.”»** As a regulatory factor for uMtCK
expression, we have focused on the ankyrin repeat and sup-
pressor of cytokine signaling (SOCS) box protein (ASB) fam-
ily, which reportedly plays an important role in biological
processes and regulations of cell proliferation and differentia-
tion. The ASBs have two functional domains: a SOCS box
and a variable number of N-terminal ankyrin repeats.
Although SOCS domain uses the SH2 domain to recruit sub-
strates, the ankyrin repeat regions serve as a specific protein-
protein interaction domain to recruit target substrates.”* One
of ASB family protein, ASB9, was found to interact with
brain type of creatine kinase, leading to its degradation.”
Recently, uMtCK was found to be another ASBY target.”®
Ankyrin repeat domains of ASB9 associates with the sub-
strate binding site of uMtCK and induce its ubiquitination.
Thus, we analyzed the potential association between uMtCK
and ASB9 in HCC cell lines, HepG2, PLC/PRF/5, HuH7, in
which the expression of uMtCK mRNA was shown to be
increased compared with normal liver tissues.'® To clarify the
significance of high uMtCK expression in HCC, we used the
siRNA approach to silence uMtCK expression and study its
effects on HCC cell lines. Finally, we analyzed the clinical
significance of high uMtCK expression in HCC patients who
were treated with RFA.

Material and Methods

Materials

Human normal liver RNA was purchased from Cell Applica-
tions (San Diego, CA), and human whole liver cell pellets
from DV Biologics (Costa Mesa, CA). Specific antibodies
against uMtCK and ASB9 were obtained from Abcam (Cam-
bridge, UK), an antibody against caspase 3 from Cell Signal-
ing Technology (3G2; Boston, MA), and an antibody against
beta-actin from Sigma-Aldrich (MO).

Int. ). Cancer: 134, 2189-2198 (2014) © 2013 UICC
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Cells and cell culture

HCC cell lines, HepG2 and PLC/PRF/5 were obtained from
RIKEN BioResource Center (Tsukuba, Ibaraki, Japan) and
HuH7 from Health Science Research Resources Bank, Japan
Health Science Foundation. HepG2 and PLC/PRF/5 were
maintained in RPMI-1640 containing 10% of fetal bovine
serum, and HuH7, in Dulbecco’s Modified Eagle Medium
containing 10% of fetal bovine serum.

Transgenic mice

HCV core gene transgenic mice were produced as previously
described.”* Nontransgenic littermates of the transgenic mice
were used as controls. All mice were fed a standard pelleted
diet and water ad libitum under normal laboratory conditions
of 12 hr-light/dark cycles, and received humane care. The
experimental protocol was approved by Animal Research
Committee of the University of Tokyo.

Quantitative real-time PCR

Total RNA of HCC cell lines (HepG2, PLC/PRF/5 and
HuH7), human normal liver and livers from non-transgenic
and HCV core gene transgenic mice were extracted using TRI-
ZOL reagent (Invitrogen, CA). One microgram of purified total
RNA was transcribed using a SuperScript™ First-Strand Syn-
thesis System for RT-PCR (Invitrogen). Quantitative real-time
PCR was performed with a LightCycler FastStart DNA Master
SYBR Green I kit (Roche Molecular Diagnostics, CA) or Tag-
Man Universal Master Mix. The primer pairs used were as
follows: human ASB9: 5-CCTGGCATCAGGCITCTTTC-3'
and 5-ACCCCTGGCTGATGAGGTTC-3'*’; human beta-actin:
5'-GGGTCAGAAGGATTCCTATG-3 and 5-CCTTAATGTC
ACGCACGATTT-3'** Mouse uMtCK primers and probe were
obtained from Applied Biosystems, TagMan Gene Expression
Assays (Mm00438221_m1). The samples were incubated for 10
min at 95°C, followed by 40 cycles at 95°C for 10 sec, 60°C
for 10 sec and 72°C for 10 sec. The target gene mRNA expres-
sion level was relatively quantified to beta-actin using 274"
method (Applied Biosystems, User Bulletin No 2).

ASBS9 transfection

Cells, transiently expressing human ASB9 protein, were con-
structed using mammalian cell expression vector p3FLAG
CMV-10 containing the corresponding cDNA which derived
from human normal liver RNA. The primers used for cloning
were  5-GCGGATCCGTCATGGATGGCAAACAAGGG-3'
and 5-GAGCGGCCGCTTAAGATGTAGGAGAAACTGTT
T-3' which were designed based on human ASB9 reference
sequence (NM_001031739.2). The ASB9 cDNA was created
by PCR and verified by DNA sequencing.

Immunoblot analysis

Cell and tissue extracts were prepared using M-PER Mam-
malian Protein Extraction Reagent (Thermo Fisher Scientific,
IL) plus Halt™ Protease Inhibitor Cocktail (Thermo Fisher
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Scientific). Immunoblot analysis was performed as previously
described,”® using NuPAGE SDS-PAGE Gel (Invitrogen) and
iBlot Dry Blotting System (Invitrogen) with specific antibod-
ies against uMtCK (dilution 1:1,000), ASB9 (dilution 1:500),
caspase 3 (dilution 1:1,000) and beta-actin (dilution 1:2,000).
Immunoreactive proteins were visualized using a chemilumi-
nescence kit (GE Healthcare, Buckinghamshire, UK), and
recorded using a LAS-4000 image analyzer (Fuji Film, Tokyo,
Japan). The intensities of immunodetected bands were quan-
tified with NTH Image ] software.

uMtCK siRNA transfection

Cells were transfected with the human uMtCK-specific
23/27mer RNA duplex or a universal negative control duplex at
20 nM, respectively, according to the vender instructions (Inte-
grated DNA Technologies, IA). The human uMtCK-specific
RNA duplex used was 5'-UGAAGCACACCACGGAUCU-3
and 3'-ACUUCGUGUGGUGCCUAGA-5',*® negative control
RNA duplex, 5-CGUUAAUCGCGUAUAAUACGCGUAT-3
and 3'-CAGCAAUUAGCGCAUAUUAUGCGCAUA-5 (Inte-
grated DNA Technologies). The transfection was performed
using Lipofectamine Plus™" (Invitrogen) as described.””

Cell membrane integrity and proliferation assays

Cell membrane integrity was determined using the In Vitro
Toxicology Assay Kit, Lactic Dehydrogenase based (Sigma-
Aldrich). HCC cell lines were inoculated in six-well plates at
2.5 X 10° cells/well and cultured for 24 hr before uMtCK
siRNA or universal negative control transfection. Dead cells
were assessed at 48 hr after transfection.

Cell proliferation in HCC cell lines was measured at 48 hr
after transfection with uMtCK siRNA or universal negative
control by determination of BrdU incorporation using the
Cell Proliferation ELISA, BrdU colorimetric assay (Roche
Applied Science, Upper Bavaria, Germany). In the above two
assays, absorbance was measured by plate reader (SPECTRA
Thermo, TECAN, Mannedorf, Switzerland).

Cell migration and invasion assays

Cell migration and invasion assays were performed accord-
ing to the vender’s instruction (BD, NJ). Cells transfected
with uMtCK siRNA or universal negative control were cul-
tured for 24 hr, then 2 X 10* cells were plated into the
upper chamber of 24-well plates with 8 um of pore size in
serum-starved condition to examine cell migration and pol-
ycarbonate transwell filter chamber coated with Matrigel
(BD BioCoat Matrigel Invasion Chamber) to check cell
invasion. In both assays, 750 pL medium supplemented
with 10% serum was added into the lower chambers. Cells
were incubated at 37°C for 22 hr, and the inside chambers
were removed with cotton swabs and cells that had trans-
ferred to the lower membrane surface were fixed and
stained with Diff-Quik stain. Cell counts (four random
100X fields per well) are expressed as the mean number of
cells per field of view.
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Patients and measurement of MtCK activity

Consecutive 147 HCC patients with cirrhosis caused by hepa-
titis B virus or HCV, who were admitted into the Depart-
ment of Gastroenterology, the University of Tokyo Hospital,
Tokyo, Japan, between January and April 2010, were previ-
ously enrolled to analyze serum MtCK activity.'® Diagnosis
of cirrhosis was based on the presence of clinical and labora-
tory features indicating portal hypertension, and diagnosis of
HCC was made by dynamic CT or MRL*>*! Prior to the
treatment of HCC, serum MtCK activity was measured'®
with an immuno-inhibition method using the two types of
anti-MtCK monoclonal antibodies.”> Among these patients,
105 patients, who had been successfully treated by RFA with-
out residual HCC after the treatment, were enrolled in the
current prognosis analysis. The detailed procedure of RFA
has been meticulously described elsewhere.*® Overall survival
of these 105 patients was analyzed from the time of measure-
ment of serum MtCK activity to death related to HCC,
excluding the death not associated with HCC expansion or
liver insufficiency, such as cardiovascular events or other
organ malignancy, or to March 2013.

This study was performed in accordance with the ethical
guidelines of the 1975 Declaration of Helsinki and was
approved by the Institutional Research Ethics Committees of
the authors’ institutions. A written informed consent was
obtained for the use of the samples in this study.

Statistical analysis

The results of in vitro experiments are expressed as the
means and standard error of the mean. Student’s ¢ test (two
tailed) was used for comparison unless indicated otherwise.
The results were considered significant when p-values were
0.05. In the analysis of risk factors for HCC-related death, we
tested the following variables obtained at the time of entry
on the univariate and multivariate Cox proportional hazard
regression analysis: age, sex, hepatitis B infection, serum
MtCK activity, serum albumin concentration, aspartate ami-
notransferase (AST) levels, alanine aminotransferase (ALT)
levels, gamma-glutamyltransferase (GGT) levels, total biliru-
bin concentration, AFP concentration, DCP concentration,
platelet count, prothrombin activity and liver stiffness values.
Survival and recurrence curves were created using Kaplan-
Meier method and compared via log-rank test. Data process-
ing and analysis were performed using S-PLUS 2000 (Math-
Soft, Seattle, WA) and SAS Software version 9.1 (SAS
Institute, Cary, NC).

Resulis

Loss of mitochondrial integrity may not contribute to high
expression of uMtCK in HCC

Mutations of mitochondrial DNA have been reported to be
involved in hepatocarcinogenesis in humans.***®> Further-
more, in a mouse model for hepatocarcinogenesis, oxidative
stress was shown to lead to loss of mitochondrial integrity in

Mitochondrial creatine kinase and hepatoceliular carcinoma

the liver and ultimately hepatocarcinogenesis.”> Thus, we
wondered whether loss of mitochondrial integrity in the liver
might be associated with increased expression of uMtCK in
HCC. To examine this idea, we used a transgenic mouse
model of HCC in HCV infection (transgenic line S-N/863),
with which the direct association between HCV and HCC
was first described.”” In these HCV core gene transgenic
mice, loss of mitochondrial integrity has been reported to be
observed as early as 2 months of age and increased in an
age-dependent manner,”” and ultimately HCC develops at 19
months of age without apparent inflammation or fibrosis in
the liver.”?

We examined uMtCK mRNA levels in the liver of these
HCV core protein transgenic mice at 6 months and 19
months of age. These mice at 6 months of age reportedly
develop hepatic steatosis™ as well as loss of mitochondrial
integrity.”® In these mice at 19 months of age, tumor tissues
of HCC and non-tumorous tissues of the liver were analyzed.
Non-transgenic mice at 6 months of age were used as con-
trol. uMtCK mRNA levels were increased in tumor tissues of
HCC in HCV core gene transgenic mice at 19 months of age
by 7.7-fold compared to the liver tissues of control mice (p
= 0.02; Fig. 1a). In these HCV core transgenic mice at 19
months of age, uMtCK protein expression was detected in
HCC tissues but not in non-tumorous tissues by immunoblot
analysis (Fig. 1b). These results suggest that hepatocarcino-
genesis per se but not loss of mitochondrial integrity may
contribute to the increase in uMtCK levels in HCC.

Transient expression of ASB9 negatively regulates uMiCK
protein levels in HCC cells

It has been reported that ASB protein family is importantly
involved in ubiquitination-mediated proteolysis pathway and
each member of this large protein family has a different tar-
get to be degraded. In ASB protein family, we paid attention
to ASB9, which reportedly plays a crucial role in the regula-
tion of the brain type of creatine kinase and uMtCK. HCC
cell lines, HepG2, PLC/PRF/5 and HuH?7, were selected for
in vitro experiments, because they had been reported to
express high levels of uMtCK mRNA compared to human
normal liver tissue.'® To study whether ASB9 could regulate
uMtCK protein levels in these HCC cells, we first measured
ASB9 mRNA expression in those cells. Figure 2a demon-
strates the low ASB9 mRNA expression in HCC cell lines,
contrasting with high uMtCK mRNA expression levels in
those cells.'® In line with our mRNA expression data, ASBY
protein levels were almost undetectable in HepG2,
PLC/PRF/5 and HuH7 cells comparing to normal whole
liver cell pellets (Fig. 2b). Further, we investigated the effect
of transient overexpression of ASB9 on uMtCK protein levels
in HepG2, PLC/PRF/5 and HuH7 cells. Cells were transi-
ently transfected with mammalian cell expression vector
p3FLAG-CMV10 containing human ASB9 DNA and har-
vested at 36 hr after transfection to analyze protein levels.
Down-regulation of uMtCK protein levels by transient
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Figure 1, uMtCK mRNA and protein levels in liver tissues of the
control non-transgenic, HCV core gene transgenic mice. (a) uMtCK
mRNA levels were examined by real-time PCR in liver tissues of the
control non-transgenic mice (Non-TG) at 6 months of age (n = 4),
and HCV core gene transgenic mice (TG) at 6 (n = 4) and 19
months of age (n = 4). For HCV core gene transgenic mice at 19
months of age, HCC tissues and non-tumorous tissues were sepa-
rately evaluated. Results represent a fold increase level of liver tis-
sues of control non-transgenic mice. An asterisk indicates a
significant difference (p = 0.02) from liver tissues of non-
transgenic mice. (b) uMtCK protein levels were analyzed by immu-
noblotting in HCC tissues and non-tumorous tissues in the livers of
HCV core gene transgenic mice at 19 months of age.

overexpression of ASB9 was observed significantly in HuH7
cells (p = 0.007), and a trend of decreased uMtCK protein
levels was found in HepG2 and PLC/PRF/5 cells, although
not statistically significant (Fig. 2c). These results suggest a
functional interaction of ASB9 with uMtCK may lead to deg-
radation of uMtCK protein in HCC cell lines, as previously
described.”®

Reduction in uMtCK expression led to increased cell

death, and reduced proliferation, migration and invasion of
HCC cells

To inhibit high uMtCK expression in HepG2, PLC/PRF/5
and HuH7 cells,'® isoform-specific siRNA was chosen as
described® and successfully silenced target protein expres-
sion; the results from immunoblot analysis of untransfected
and transfected cell lysates with universal negative control
and uMtCK siRNA are shown in Figure 3a. As expected, in
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Figure 2. ASB9 expression and the effect of ASB9 transfection on
uMtCK protein levels in HCC cells. ASB9 mRNA (a) and protein (b)
levels in HepG2, PLC/PRF/5 and HuH7 cells were examined by
real-time PCR and immunoblot analysis, respectively. As a positive
control for ASB9 mRNA and protein expressions, human normal
liver RNA and human whole liver cell pellets were used. An asterisk
indicates a significant difference from normal liver tissue; p =
0.006 for HepG2, p = 0.005 for PLC/PRF/5 and p = 0.01 for
HuH7. Increased expression of ASB9 by transfection caused
reduced protein levels of uMtCK in HepG2, PLC/PRF/5 and HuH7
cells (¢). An asterisk indicates a significant difference (p = 0.007)
from control without ASB9 transfection.

all HCC cell lines transfected with uMtCK siRNA, the
expression levels of uMtCK were clearly reduced at 36 hr
after transfection (Fig. 3a).

Then, the effects of a reduction in uMtCK expression on
cell membrane integrity and proliferation were determined in
HepG2, PLC/PRF/5 and HuH7 cells. In the first step, we
have checked cell membrane integrity by measuring lactate

— 631 —



2194

beta-actin

O

BrdU incorporation
’ N
g

(p

NC O SRNA NG SIRNA O NC  SIRNA
| ECO [ —
.. HepG2 . _ PLC/PRE/S

. HuH7

o

invaded celf number

SiRNA
H

NG SRNA NG SIRMAL NG
ik I IR
PLC/PRF/S

HepG2 HuH?

Mitochondrial creatine kinase and hepatocellular carcinoma

o

negative control}

1DH refease {percentage of

SRNALCNCCSIRNATNGT
i % }
PLO/PRE/S

Q

Migrated ceff number

NG SRNA NC . SRNA NG SIRNA

| —— | S
HepG2 CUPLC/PRESS UHUH?

Figure 3. Increase in cell death and reduction in proliferation, migration and invasion by reduced uMtCK expression with siRNA in HCC cell
lines. Human HCC cell lines, HepG2, PLC/PRF/5 and HuH7 cells, were transfected with 20 nM uMtCK siRNA or universal negative control,
and uMtCK levels were examined by immunoblot analysis. None, no transfection; NC, negative control (a). Cell death (b), proliferation (c),
migration (d) and invasion (e) were assessed in these HCC cell lines treated with or without uMtCK siRNA. An asterisk indicates a significant
difference; p < 0.001 for cell death and proliferation, p < 0.02 for cell migration and invasion from NC.

dehydrogenase released into the culture medium in universal
negative control- and uMtCK siRNA-transfected cells (Fig.
3b). In all three cells, transfection with uMtCK siRNA led to
an increase in the rate of cell lysis by 20.3% in HepG2, by
15.9% in PLC/PRF/5 and by 49.2% in HuH7, compared to
respective control cells transfected with universal negative
control (p < 0.001). However, caspase 3 activity was not
altered in uMtCK siRNA-transfected cells compared to uni-
versal negative control-transfected cells (Fig. 3b), suggesting
that lactate dehydrogenase release may be explained by some
non-specific cell lysis but not by programmed cell death.
Next, to examine a potential association of the reduction
in uMtCK expression with cell proliferation rate, BrdU incor-
poration assay was performed (Fig. 3c). A reduction in cell

proliferation was detected in all three HCC cell lines by
19.8% in HepG2, by 15.5% in PLC/PRE/5 and by 31.7% in
HuH?7, compared to respective control cells transfected with
universal negative control (p < 0.001). These results suggest
that high expression of uMtCK may play a role in sustaining
active proliferation of HCC cells.

The ability of a cancer cell to undergo migration and
invasion allows the cell to change position within the tissues.
To spread within the tissues, tumor cells use migration and
invasion mechanisms. Thus, we investigated the effects of
uMtCK inhibition on HCC cell migration and invasion by
conducting assays for Matrigel-coated chamber migration
and invasion. As shown in Figure 3d, silencing of uMtCK
decreased migration rate by 44.1% in HepG2, by 40.0% in
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Table 1. Baseline characteristics

Parameter “N =105

Age (yean)® 70.7 = 6.7 (49-84)

Male? | 63 (60.0)

Hepatitis B/C - 8/97

MECK (U/D)3 9.71 (5.99-19.44) -
Albumin (g/dL)’ 3.4 3.1-3.9)
ASTU/DZ 55 (35-76)

ALT (U/D)? 45 (26-60)

GGT (U/D3 s 0s6)
Total bilirubin (mg/dL)> - 0.9(0.7-1.3)

AFP (ng/dL)? 18 (8-66)
DCP (mAU/mL)> 26 (17-58)
Platelet (<10%/u)? 93 (63-11.7)

Prothrombin time (sec)®
Liver stiffness (kPa)®

12.1 (11.5-13.1)
26.3 (18.8-42.2)

1Data were expressed as mean * SD (range).
?Data were expressed as number (%).
3Data were expressed as median (first to third quartile).

PLC/PRF/5 and by 84.1% in HuH7 cells in comparison with
the universal negative control-transfected cells (p < 0.02).
Furthermore, the results from Matrigel invasion assay indi-
cate that the reduction of uMtCK expression by siRNA trans-
fection inhibited the invasion of HepG2, PLC/PRE/5 and
HuH7 cells by 51.7, 62.6 and 92.4%, compared to the univer-
sal negative control-transfected cells (p < 0.02) (Fig. 3e). Col-
lectively, high expression of uMtCK may contribute to active
migration and invasion of HCC cells.

HCC patients with higher serum MtCK activity had a

poorer prognosis after RFA

Because above in vitro results using HCC cell lines suggest
that HCC cells with higher expression of uMtCK may have
more malignant potential, we next examined a potential asso-
ciation between serum MtCK activity and prognosis in
patients with HCC. As described earlier, among two tissue-
specific isozymes of MtCK, that is, uMtCK and sarcomeric
MtCK, the increase in serum MtCK activity in HCC patients
was mostly due to that in serum uMtCK activity but not in
serum sarcomeric MtCK activity.'® To this end, a prognosis
of HCC patients, who had been previously enrolled to exam-
ine their serum MtCK activity and successfully treated by
RFA without residual HCC after the treatment, was analyzed.
Characteristics of these 105 HCC patients are shown in Table
1. During the mean follow-up period of 848 days, HCC-
related death was observed in 17 patients. First, to evaluate
the potential ability of MtCK values to predict survivals or
death, a receiver operating characteristic (ROC) curve was
generated. The ROC curve showed that a MtCK cutoff of
194 U/L had a sensitivity of 76.9% and a specificity of
83.8% for discriminating survivors and deceased patients
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(Fig. 4a). Then, Figure 4b shows the actuarial survival curves
of these patients subdivided according to their serum MtCK
activity prior to RFA for HCC, that is, <19.4 U/L and >19.4
U/L; overall survival was shorter in patients with serum
MtCK activity >19.4 U/L than in those with <19.4 U/L (p
= 0.0002; log-rank test; Fig. 4b). Then, risk factors for HCC-
related death were analyzed. On the univariate analysis, high
serum M(CK activity (>19.4 U/L) was a significant risk fac-
tor for HCC-related death (Table 2). Other significant risk
factors for HCC-related death included serum albumin con-
centration, serum AST levels, serum total bilirubin concentra-
tion, platelet count and prothrombin time (Table 2). Then,
multivariate Cox proportional hazard regression analysis
revealed that serum MtCK activity >19.4 U/L was an inde-
pendent risk for HCC-related death, with a hazard ratio of
2.32 (95% confidence interval: 1.03-5.25; p = 0.042; Table 2).
Serum albumin concentration and serum AST levels were
also independently associated with HCC-related death (Table
2). Regarding recurrence, HCC in patients with serum MtCK
activity >19.4 U/L recurred earlier than HCC in those with
serum MtCK activity <19.4 U/L, as depicted in Figure 4c (p
= 0.004; log-rank test); median (interquartile range) time to
recurrence was 189 (107-292) days in patients with serum
MtCK activity >19.4 U/L, whereas 278 (160-445) days in
those with serum MtCK activity <194 U/L. Collectively,
these findings suggest that HCC patients with higher serum
MtCK activity may have shorter survival time possibly due to
more malignant potential.

Discussion

Little is known about whether there might be an association
between the status of mitochondria and uMtCK expression.
Kwon et al. have reported that ASB9 negatively regulated
uMtCK expression with the inhibition of mitochondrial func-
tion,*® suggesting that low uMtCK expression could be asso-
ciated with loss of mitochondrial integrity. There could be
several possibilities regarding the status of mitochondria and
uMtCK expression in the liver or HCC; one is that loss of
mitochondrial integrity might be associated with reduced
uMtCK expression as previously reported.’® As another pos-
sibility, uMtCK expression might be increased as a compen-
satory mechanism with loss of mitochondrial integrity. In
fact, this is exactly the case with sarcomeric MtCK in mito-
chondrial myopathies.”® It is also possible that there might be
no association in general between loss of mitochondrial
integrity and uMtCK expression. In this context, we won-
dered whether loss of mitochondrial integrity in the liver
might be involved in the mechanism of increased uMtCK
expression in HCC. To examine this, HCV core gene trans-
genic mice were used, because these mice develop HCC with
loss of mitochondrial integrity in the liver in the absence of
inflammation and fibrosis.*>*> As a result, uMtCK expression
was essentially not altered in non-tumorous liver tissues with
loss of mitochondrial integrity but clearly enhanced in HCC
tissues, suggesting that hepatocarcinogenesis per se but not
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Figure 4. (a) ROC curve showing the overall accuracy of serum MtCK activity for discriminating between survivors and deceased patients.
The arrow identifies the best cutoff value (i.e., 19.4 U/L) of serum MtCK activity. Kaplan—Meier survival (b) and recurrence (c) curve of the
studied patients subdivided according to their serum MtCK activity prior to RFA for HCC. Solid line, <19.4 U/L; dashed line, >19.4 U/L.

loss of mitochondrial integrity may contribute to increased
uMtCK expression in HCC.

Regarding the regulatory mechanism(s) of increased
uMtCK expression in HCC, we have found that ASB9 inter-
acted with uMtCK to reduce its protein levels in HCC cells,
similarly to HEK293 cells as previously described.”® In nor-
mal liver, uMtCK levels are generally at a very low level,
while sarcomeric MtCK as a muscle-specific isoform is not
expressed at all,”” whereas ASB9 mRNA expression is report-
edly abundant.®® Thus, ASB9 may play a physiological role to
keep uMtCK protein levels low in the liver. Regarding HCC,
ASB9 mRNA expression in HCC cells were much lower than
that in normal liver tissue in the current study. This finding

raises the possibility that low expression of ASB9 may
explain, at least in part, high protein levels of uMtCK in
HCC. Collectively, we may suggest that the two possible
mechanisms of increased uMtCK protein levels in HCC cells
should be increased gene expression and decreased protein
degradation due to reduced ASB9 expression. It has been
reported that colorectal cancer with low ASB9 expression
may have a higher malignant potential and a poorer progno-
sis than that with high ASB9 expression,”’ suggesting a nega-
tive association of ASB9 with uMtCK protein levels also in
colorectal cancer cells. Nonetheless, a potential role of ASB9
in the regulation of uMtCK expression in HCC in vivo
should be further elucidated.
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Table 2. Risk factors for HCC-related death evaluated by univariate/multivariate Cox proportional hazard regression

2197

Age (vear)  (0.95-1.10)
‘ 5(0.56-3.77)
7 (018-103)

1.01 (0.99-1.02

, 1,00 (0.98-1.01

Total bilirubin 3.23 (1.98-5.29)
AFP 5100 (ngfd) 28 (0.84-6.18)
DCP >80 (mAU/mL) 2.74 (0.99—7.45)
Platelet 083 (0.71-0.97)
Prothrombin time 1.32 (1.11-1.57)
02 (0.98-1.04)

1.72 (0.97-3.04)

0.91 (0.70-1.17)

Reduction of uMtCK expression in HCC cells led to the
inhibition in their proliferation, migration and invasion. The
similar effects of inhibition of uMtCK expression were
reported in Hela cells® and breast cancer cells.'” This finding
may be in agreement with the notion that the creatine kinase
system is generally essential for the control of cellular ener-
getics in tissues or cells with high and fluctuating energy
requirements.”” Indeed, overexpression has been reported for
different creatine kinase isoforms in different types of cancer
and has provided a more general growth advantage to solid
tumors.””*® Overexpression of uMtCK in different Hodgkin-
derived cell lines has been described as a marker for poor
prognosis.>® Increased uMtCK levels in cancer cells might be
a part of metabolic adaptation of those cells to perform high
growth rate under oxygen and glucose restriction as typical
for many cancers; it could help to sustain energy turnover,
but would be also protective against stress situations such as
hypoxia and possibly protect cells from death.** Nonetheless,
these in vitro findings raise the possibility that high expres-
sion of uMtCK in HCC may be associated with its active
growth and metastasis.

Then, we performed a follow-up study of the HCC
patients, with whom we showed the increased serum MtCK
activity.'® Among the entire HCC patients in the previous
study, we enrolled the patients who underwent RFA with
curative intent to examine the potential association between
serum MtCK activity and prognosis in this study. In the pre-
vious report, serum MtCK activity was also enhanced in the
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