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Figure 5 PD-L1 expression in the liver % % AR
of core (+) and core (—) mice. Core (+) é%ﬁo = JEREY
and core (-) mice were injected with ;_340 g Yo
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(Ad)-hepatitis C virus (HCV)-NS3 or
Ady5 control vector. (a) PD-L1 expres-
sion by intrahepatic antigen-presenting
cells (APC) from core (+) and core (=)
mice infected with Ad-HCV-NS3. The %
of Max is the number of cells in each
sample divided by the number of cells
in the sample that contains the largest
number of cells. (b) The median fluo-
rescence index (MFI) expression of
PD-L1 by intrahepatic CD11c* leuko-
cyte from core (+) and core (—) mice
infected with Ad-HCV-NS3 (*P < 0.05;
n.s., not statistically significant). (c)
PD-L1 expression by intrahepatic APC
from core (+) and core (-) mice
infected with Ad-HCV-NS3 or Ady5
control vector. (d) The MFI expression
of PD-L1 by intrahepatic CD11c"* leuko-
cyte from core (+) and core (-) mice
infected with Ad-HCV-NS3 or Ady5
control vector (n.s., not statistically sig-
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in Ag-specific intrahepatic CD8 T cells. These results
indicated that high infectious dose and the presence of
HCV core gene were strongly involved in ineffective
CD8 T-cell responses.

Recently, a novel mechanism of T-cell dysfunction
was demonstrated in a murine model of chronic LCMV
infection.?* It was found that the expression of PD-1 was
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upregulated on dysfunctional LCMV-specific CD8 T cells
in mice.** In vivo blockade of PD-1/PD-L1 interaction
restored the functions of LCMV-specific CD8 T cells and
reduced the viral titer.”* More recently, other inhibitory
receptors such as Tim-3 have also been studied as the
factors that can cause T-cell impairments in chronic
viral infections.”® These influential discoveries led to
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extensive investigations of inhibitory receptors in
the regulation of T cells in human chronic viral
infections.?*?

Chronic HCV infection in humans is characterized by
CD8 T-cell exhaustion and dysfunction.”” As in chronic
LCMV infection, the expression of PD-1 is similarly
upregulated on the virus-specific CD8 T cells in chronic
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Figure 5 Continued

HCV infection, and HCV-specific PD-1"¢" T cells are
functionally impaired.?*-*° Also, Tim-3 is overexpressed
on HCV-specific dysfunctional CD8 T cells.*® In addi-
tion, a blockade of PD-1/PD-L1 or Tim-3/galectin9
(Gal9) interaction restores T-cell functions such as
proliferation, cytolytic activity and cytokine (IFN-y
and tumor necrosis factor-0.) production.”-3° As was
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Figure 6 Persisting hepatitis C virus (HCV)-NS3 antigen
detection was performed on the liver sections isolated 21 days
post-infection. Liver sections were analyzed by IP-western blot
assay using anti-FLAG antibody.

mentioned above, it has been reported that increased
expression of inhibitory receptors is associated with the
impaired HCV-specific CD8 T cells observed in chronic
HCYV patients. However, the underlying mechanisms for
HCV-mediated impaired CD8 T-cell responses have yet
to be determined. Based on our finding that lower level
of activation and higher levels of expression of regula-
tory molecules, Tim-3 and PD-1, by intrahepatic CD8 T
cells and higher levels of expression of PD-L1 by
intrahepatic APC were observed in core (+) mice in
comparison with core (-) mice, it is possible that HCV
core-induced T-cell dysfunction is one of the viral
factors that contributes to impaired CD8 T-cell
responses as seen in chronic HCV patients. Our specu-
lation is in accordance with the study by Lukens et al.*!

Suppression of CTL responses via highly expressed Ag
was found in chronic HCV infection. Inverse relation-
ships between HCV viral titer and HCV-specific T cells
have been reported.”*>* In this study, we found higher
levels of expressions of PD-L1 by intrahepatic APC and
an impaired intrahepatic CD8 T-cell response in high
infectious dose setting. Moreover, we found a significant
inverse correlation between the percentages of IEN-y-
producing cells and expression of regulatory molecules
in Ag-specific intrahepatic CD8 T cells. It is likely that
the PD-1/PD-L1 or Tim-3/Gal9 pathway play a major
inhibitory role in our model. High-dose Ad-HCV NS3
infection may inhibit the NS3-specific CD8 T-cell
responses not at the induction phase but at the effector
phase because Ag-specific-MHC tetramer* T cells were
observed, and most Ag-specific MHC tetramer* T cells
was anergic to PMA/ionophore stimulation and these T
cells expressed PD-1 and Tim-3. The role of PD-1/PD-L1
as mechanism for liver tolerance has been well estab-
lished. PD-1 expression by T cells has been shown to
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inhibit intrahepatic antiviral immune responses at the
effector phase.3+-3¢

Hepatitis C virus infection affects approximately
170 million people in the world and is a major
global health problem because infected individuals can
develop liver cirthosis and hepatocellular carcinoma.
Pegylated interferon and ribavirin therapy, although
beneficial in approximately half of treated patients, are
expensive and associated with significant side-effects.””
In this clinical context, there is an urgent need for the
development of a therapeutic and/or prophylactic HCV
vaccine.*® Because HCV infects only humans and chim-
panzees, it is difficult to evaluate effective therapeutic
vaccine candidates. Recently, as a small animal model
for HCV infection study, chimeric humanized mouse
harboring a human hepatocyte and hematolymphoid
system was established by xenotransplantation tech-
nique.®* The xenograft model provides a unique
opportunity for HCV vaccine development. However,
the generation of this chimeric humanized mouse
requires advanced technical skills and the scarcity of
adequate human primary material remains a significant
logistical challenge.**> Our model showed in the
present study is easy to create, and it has Ag-specific
T-cell exhaustion and Ag persistent in the liver seen
in chronic HCV patients. These features suggest that
this system is useful for therapeutic HCV vaccine
development.
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High ubiquitous mitochondrial creatine kinase expression in
hepatocellular carcinoma denotes a poor prognosis with highly

malignant potential
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We previously reported the increased serum mitochondrial creatine kinase (MtCK) activity in patients with hepatocellular carci-
noma (HCC), mostly due to the increase in ubiquitous MtCK (uMtCK), and high uMtCK mRNA expression in HCC cell lines. We
explored the mechanism(s) and the relevance of high uMtCK expression in HCC. In hepatitis C virus core gene transgenic
mice, known to lose mitochondrial integrity in liver and SUbsequently deVelop HCC, uMtCK mRNA and protein levels were
increased in HCC tissues but not in non- -tumorous liver tissues. Transient overexpression of ankyrin repeat and suppressor of
cytokine sngnalmg box protein 9. (ASB9) reduced thCK protein levels in HCC cells, suggesting that increased uMtCK levels in
HCC cells may be caused by increased gene expression and decreased protein degradation due to reduced ASB9 expression.
The reduction of uMtCK expression by siRNA led to increased cell death, and reduced proliferation, migration and invasion in
HCC cell lines; Then, consecutive 105 HCC patients, who underwent radiofrequency ablation with curative intent, were enrolled
to analyze their prognosis. The patients with serum MtCK activity >19.4 U/L prior to the treatment had significantly shorter
survival time than those with serum MECK activity <19.4 U/L, where higher serum MtCK activity was retained as an independ-

- ent risk for HCC-related death on multivariate analysis. In conclusion, high uMtCK expression in HCC may be caused by hepa-
tocarcinogenesis per se but not by loss of mitochondrial integrity, of which ASB9 could be a negative regulator, and
associated with highly malignant potential to suggest a poor prognosis.

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

The |dentlf' catron of bromolecules assocrated wrth hepatocellular carcmoma (HCC) could greatly lmprove screemng for early

drsease detectron Ubrqurtous mltochondnal creatrne kinase (thCK) could be a pmmrsmg marker in thrs context though rts
relevance m HCC rs unclear, as it may be assocrated wrth mrtochondrral stal rlrty rather than carcmogenesrs Here in trans-

genic mice susceptlble to the loss of llver mrtochondnal integrity, thCK was found to be elevated in HCC tlssue but not m

non-tumorous liver trssue Increased thCK was further lmked to reduced expressron of ASB9 and elevated nsk for HCC-f

related 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.'®
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 ASBY 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. J. Cancer: 134, 2189-2198 (2014) © 2013 UICC
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Cells and cell culture

HCC cell lines, HepG2 and PLC/PRE/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-CCTGGCATCAGGCTTCITTC-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_ml). 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 2744
method (Applied Biosystems, User Bulletin No 2).

ASB9 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 NIH 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, 1A). 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, Minnedorf, 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).

Results

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 hepatocellular 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 uMtCK
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 HuH7, 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, ASB9
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) umMtCK
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/PRE/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

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

2193

2
g
K
<
g
£
o
2
@

B
£
8
=0
k-3
P
b
gk
B
=2
£

PLC/PRF/5 HuH?
4+ - 4 huAse9
 uMitCK

 beta-actin.

» Control

AsBoe

Intensity of ubitCk bands
{percetage of control}

HEpG2 | PLC/PRE/S. . HuMZ

Figure 2. ASB9 expression and the effect of ASB9 transfection on
uMtCK protein levels in HCC cells. ASB9 mRNA (g) 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
HuH?7. 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
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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/PRE/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/PRF/5 and by 31.7% in
HuH7, 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

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

=209 -



Uranbileg et al.

Table 1. Baseline characteristics

N = 105

Parameter

Age (yean' 70.7 * 6.7 (49-84)

Male? . 63(60.0)
Hepatitis B/C 8/97 ,
MECK (U/L)? 971 (5.99-19.44)
Albumin (g/dL)3 3.4 (3.1-3.9)

AST (U/D? 55 (35-76)

ALT (U/1)? 45 (26-60)

GGT (U/L)? 37 (28-62)

Total bilirubin (mg/dL)? 0.9 (0.7-1.3)

AFP (ng/dL)? 18 (8-66)

DCP (mAU/mL)> 26 (17-58)
Platelet (x10%/uL)? 9.3 (6.3-11.7)

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

112.1 (11.5-13.1)
126.3 (18.8-42.2)

*Data were expressed as mean *+ SD (range).
2Data 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/PRF/5 and
HuH?7 cells by 51.7, 62.6 and 92.4%, compared to the univer-
sal negative control-transfected cells (p < 0.02) (Fig. 3¢). 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
19.4 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 MtCK 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 <19.4 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
severa] 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.*® Tt 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 () 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

; - ' S o  '1 Univariate ‘ k , ' Multivariate ,
Parameter HR (95% Cl) pvalue HR (95% C1) p value
Age (yean 1.02 (0.95-1.10) 1 0.60

Female 145 (0.56-3.77) 0.44

Hepatitis B 11.37 (0.18-10.3) 076 B , ,
MK >19.4 U/ 5,03 (1.93-13.1) <0.001  232(1.03-5.25) 0.042
Albumin 0.15 (0.05-0.44) <0.001 0.26 (0.09-0.71) 0.009
AST  1.02 (1.01-1.03) - <0.001 1.01 (1.00-1.02) 0028
AT 101 (0.99-1.02) 0.13
eer 100 (098-1.01) 0.45 . .
Totalbiliubin ~ 3.23 (1.98-5.29) <0.001 1.72 (0.97-3.04) © 0.064
AFP>100 (ng/d) 2.8 (0.84-6.18) 011 - - -
DCP >80 (mAU/mL) 274 (0.99~7.45) 0.59 ; ; B
Platelet 083 (0.71-0.97) 0.017 0.89 (0.76-1.04) 0.14
Prothrombin time 1.32 (1.11-1.57). 0.002 0.91 (0.70-1.17) 0.45
Liver stiffness 1,02 (0.98-1.04) o . L

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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patients with liver cirrhosis compared to healthy control,
although less prominent than in those with HCC and liver
cirthosis,'® suggesting that background liver status of HCC
may also affect serum MtCK activity. In this context, because
RFA with curative intent was performed on patients without
advanced liver damages such as high serum total bilirubin
concentration, low platelet counts or massive ascites,”” the
potential association between serum MtCK activity and prog-
nosis of HCC patients could be assessed with less bias from
background liver status. Furthermore, of note, HCC patients
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Results of the Tokyo Trial of Prevention of Post-ERCP Pancreatitis
with Risperidone-2: a multicenter, randomized, placebo-controlled,
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Background: Our previous study suggested that a combination of ulinastatin and risperidone reduced post-
ERCP pancreatitis (PEP) compared with ulinastatin alone.

Obijective: The aim of this study was to evaluate the efficacy of risperidone alone for prevention of PEP.
Design: A multicenter, randomized, placebo-controlled, double-blind clinical trial.

Setting: Two academic hospitals and 5 referral hospitals in Tokyo and Saitama, Japan.

Patients: Patients undergoing therapeutic or interventional-diagnostic ERCP.

Intervention: The patients were randomized to receive 2 mg of oral risperidone or oral placebo at 0.5 to 2 hours
before ERCP.

Main Outcome Measurements: The primary endpoint was the incidence of PEP. Secondary endpoints were
the incidence of hyperenzymemia and enzyme levels (amylase, pancreatic amylase, lipase). Risk factors for PEP were
evaluated.

Results: We initially enrolled 500 patients in the study (250 in the risperidone group and 250 in the placebo group),
but 17 (11 in the risperidone and 6 in the placebo group) were excluded after randomization. PEP developed in
24 patients (10.0%) in the risperidone group and 21 patients (8.6%) in the placebo group (P = .587). Serum
amylase levels at 3 hours after ERCP were lower in the risperidone group (P = .007 in a single test of hypothesis,
significance removed by Bonferroni correction for multiple testing). In multivariate analysis, a small papilla of Vater,
total procedure time >40 minutes, and stenosis of the intrahepatic duct were significantly associated with PEP.

Limitations: Multiplicity of study centers and a relatively wide time range of drug administration time.

Conclusion: Risperidone did not show a benefit in prevention of PEP in this trial. (Clinical trial registration
number: NCT000004592.) (Gastrointest Endosc 2013;78:842-50.)
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Acute pancreatitis is a common and important complica-
tion of ERCP. The incidence of post-ERCP pancreatitis
(PEP) is about 10%."® Various pharmacologic agents have
been tested for prevention of PEP, but there is currently
no effective preventive treatment other than nonsteroidal
anti-inflammatory drugs. In the 2010 Guidelines of the
European Society of Gastrointestinal Endoscopy, routine
rectal administration of 100 mg of diclofenac or indometh-
acin is recommended.” Elmunzer et al® showed that rectal
administration of indomethacin reduced the incidence of
PEP, but the majority of patients (82%) in the study had
suspected sphincter of Oddi dysfunction, and it is
uncertain whether indomethacin is effective in other
patient populations.

In a previous multicenter, randomized, controlled trial we
found that infusion of ulinastatin (150,000 U) before ERCP
significantly reduced the incidence of PEP.! Ulinastatin is an
intrinsic trypsin inhibitor, which inhibits various enzymes
such as alpha-chymotrypsin, lipase, amylase, elastase, and
carboxylase. However, the incidence did not differ signifi-
cantly in subgroup analysis of a high-risk group. Yoo et al’
also have shown that ulinastatin does not decrease the
incidence of PEP. In addition, ulinastatin is not approved
for use in the United States. Therefore, there is a need for a
drug for prevention of PEP in high-risk patients that is effec-
tive, safe, and available globally.

Serotonin (5-hydroxytryptamine [5-HT]) activates pan-
creatic enzyme secretion, and 5-HT is associated with devel-
opment and aggravation of acute pancreatitis.'® Risperidone
is a 5-HT,, antagonist that ameliorates cerulein-induced
edematous pancreatitis in mice and attenuates serum
interleukin-6 levels, amylase and lipase levels, platelet counts,
histologic alterations, and mortality in a diet-induced mouse
model of necrotic pancreatitis."'" In our multicenter, ran-
domized, phase I1, non-placebo—controlled Tokyo P3R (Tokyo
Trial of Prevention of Post-ERCP Pancreatitis with Risperidone)
study'? comparing risperidone plus ulinastatin combination
therapy with ulinastatin alone, the incidence of PEP did not
differ significantly between the two groups. However, post-
ERCP levels of amylase, pancreatic amylase (p-amylase), and
lipase were significantly lower in the risperidone plus ulinasta-
tin group.

These results suggest that risperidone might have an
effect on prevention of PEP. No adverse events related to
risperidone occurred in the Tokyo P3R study,”” and
risperidone is used globally to treat schizophrenia; thus,
the safety of the drug has been established. With this
background, the aim of the current study was to evaluate
the efficacy of risperidone alone for prevention of PEP.

METHODS

Study design
A multicenter, prospective, randomized, placebo-
controlled, double-blind clinical trial was conducted in

2 academic hospitals and 5 referral hospitals in Tokyo and
Saitama, Japan. The protocol was approved by the institu-
tional review board at each institution. This study was
registered with the University Hospital Medical Infor-
mation Network (UMIN) Clinical Trials Registry (No.
000004592).

Patients

The participants were patients scheduled to undergo a
first therapeutic ERCP and/or invasive diagnostic ERCP
(brushing or biopsy of the bile or pancreatic duct, intra-
ductal US, or pancreatic juice aspiration). Patients were
excluded if they met any of the following criteria: (1)
age <20 or >79 years; (2) active acute pancreatitis; (3)
disseminated intravascular coagulation, sepsis, or acute cir-
culatory failure; (4) severe underlying disease of the heart,
lung, liver, kidney, endocrine system, or GI tract; (5) preg-
nant or breast-feeding women; (6) treatment with risperi-
done; (7) psychosomatic disorder, depression, Parkinson’s
disease, or Parkinsonism; (8) known sensitivity to risperi-
done; (9) treatment in the preceding 2 weeks with a
5-HT, receptor inhibitor, epinephrine, protease-inhibitor,
diclofenac, octreotide, or somatostatin; and (10) severe
chronic pancreatitis. All patients provided written informed
consent before the start of the study.

Study protocol

Eligible patients were randomly assigned to receive
2 mg of risperidone or placebo orally 0.5 to 2 hours before
ERCP. The placebo was made in the pharmaceutical
department in the Tokyo University Hospital by Y.Y. and
K.N. Randomization was performed by a minimization
technique (Zelen’s method) by using a computer-
generated list, with stratification according to study center
and main indication for ERCP (bile duct or pancreatic
duct). Patients also were stratified by age (<70 vs >70
years), sex, and body mass index (<25 vs >25 kg/m%);
age and female sex have been considered as risk factors
for PEP,"> whereas obesity may be associated with the
severity of PEP. ERCP was performed in the standard
manner. Before the procedure, patients were sedated
with diazepam and pethidine hydrochloride or meperi-
dine. Hyoscine N-butyl bromide or glucagon was adminis-
tered to obtain temporary paralysis of the stomach and
duodenum. After ERCP, each endoscopist recorded the
ERCP findings and interventions in a Web-based database.
Serum amylase, p-amylase, lipase, C-reactive protein, and
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Figure 1. Flow diagram of the study.

blood counts were measured before and 3 hours and
18 hours after ERCP. All patients were hospitalized at least
1 night for the evaluation of abdominal symptoms at
3 hours and 18 hours after ERCP, which is routine clinical
practice in Japan. If patients were discharged within
48 hours after ERCP, they were contacted by telephone
to assess their symptoms. Treatment group allocation
was blinded to all investigators and patients until the study
was completed.

Definitions

Hyperenzymemia was defined as amylase, pancreatic
amylase, or lipase levels >3 times the upper limit of
normal at 18 hours after ERCP. The diagnosis of PEP was
based on consensus criteria: new onset of abdominal
pain lasting for at least 24 hours after ERCP with serum
amylase levels at 3 hours and/or 18 hours after ERCP
>3 times the upper limit of normal.®> PEP was graded
according to the duration of treatment for pancreatitis.
Mild PEP required treatment for <3 days, moderate PEP
required fasting and treatment for 4 to 10 days, and
severe PEP required treatment for >10 days, intensive
care, or surgical intervention.” Difficult cannulation was
defined as a time of >10 minutes required to cannulate
into the desired duct. A small papilla of Vater was
defined as <3 mm and/or the absence of a caudal fold.

Study outcome

The primary endpoint was the incidence of PEP. The
secondary endpoints were the incidence of hyperenzyme-
mia and pancreatic enzyme levels (amylase, pancreatic
amylase, lipase). Risk factors for PEP also were analyzed.

Statistical analysis

In our previous randomized, controlled trial, the inci-
dence of pancreatitis after therapeutic ERCP was 12.4% in
the placebo group.' Therefore, the incidences of PEP
were projected to be 10% in the placebo group and 3%
in the risperidone group. With these hypothetical rates,
calculations indicated that 420 patients (210 per group)
were needed to give 80% power with testing by the %2
test (¢ = 0.05). Thus, to allow for some unexpected
attrition, the required sample size was determined to be
500 patients (250 per group). All continuous variables are
reported as the mean with the 95% confidence interval.
Categorical variables were compared by the %* test or
the Fisher exact test and continuous variables by the
¢t test or Welch # test, as appropriate. To identify risk
factors for PEP, univariate logistic regression analysis was
first performed. Factors with P < .05 in univariate
analysis were then included in multivariate logistic
regression analysis. The analysis included multiple testing
of outcome data from individual patients. The results
from the multivariate analysis to determine factors asso-
ciated with post-ERCP pancreatitis are taken as the pri-
mary definitive findings. Preliminary univariate tests were
conducted to indicate possible variables to be included
in the multivariate analysis. There is no correction of the
P values from these statistical tests because these were
exploratory examinations of data that were intended to
highlight differences. The results of other hypothesis tests
relating to secondary outcomes are used for descriptive
purposes only. Significant results were subjected to Bon-
ferroni correction, based on the total number of primary
and secondary hypothesis tests. For these secondary hy-
pothesis tests, the uncorrected P values are presented
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Characteristic

Age, mean (range), y

Main indication for ERCP

Pancreatic duct, no. (%)

Common bile duct stone, no. (%)

Bile duct cancer, no. (%)

Pancreatic

Risperidone (n = 239)

Placebo (n = 244) P value

65 (23-79) 65 (28-79) 492

28 (11.5) 28 (11.7) 934
97 (40.6) 107 (43.9) 467

17 (7.1) 16 (6.6) 809

IPMN, no. (%)

sphincter of Oddi dysfunction.

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

Placebo
(n = 244) P value

Risperidone
(n = 239)

arj\‘reatiti's,' no. (%

Severity of 789
pancreatitis, no.

Moderate 9 8

Hyperpancreatic 76 (31.8) 83 (34.0) 604

amylasemia, no. (%)

Hyperlipasemia  90(377)  88(361) 742

Abdominal pain 51 (21.3) 48 (19.7) 650

along with the effect of Bonferroni corrections for multiple
testing when the correction removed nominal statistical
significance found in a single statistical test. Statistical

significance was indicated by a P value < .05. All analyses
were performed by using JMP version 9 (SAS Institute
Inc, Cary, NC).

RESULTS

Patients

Between March 2011 and October 2012, 500 patients
were enrolled in the study and allocated equally to the ris-
peridone and placebo groups, respectively (Fig. 1). After
randomization, 17 patients were excluded from the final
analysis (11 in the risperidone group, 6 in the placebo
group) because of declining to participate in the trial (1 in
the risperidone group), not taking the drug (1 in the risper-
idone group), cancellation of ERCP (5 in the risperidone
group), failure to reach the papilla (3 in the risperidone
group, 3 in the placebo group), and meeting the exclusion
criteria after randomization (1 in the risperidone group, 3
in the placebo group). There were no significant differences
in baseline characteristics and ERCP procedures and
findings between the 2 groups (Table 1). A pancreatic stent
was placed in 16 patients in the risperidone group and 18 in
the placebo group.
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3h

Before

Pancreatic amylase (1U/L), mean (Cl)

3h

P value

257 (221-293) .007

57 (44-70) 481

346 (215-477)
433 (323-543

Cl, Confidence interval.
*Because of Bonferroni correction for multiple testing of data from individual patients for these secondary outcomes, each of the instances of nominal P < .05
significance in a single statistical test in the table has this significance removed by the correction.

Placebo
(n = 244)

Risperidone
(n = 239)

Bleeding after endoscopic

Cholangitis 3 3

Cholecysits

Hemobilia 2 0

- Aspiration pneumonia.

Obstructive jaundice 1 0
(edema of papilla of Vater)

 Retroperitoneal perforation

Other 3 0

PEP

PEP occurred in 45 of 483 patients (9.3%), including 24 in
the risperidone group and 21 in the placebo group (10.0%
vs 8.5%; P = .587) (Table 2). No patients developed severe
PEP, and the severity of PEP did not differ significantly
between the two groups. The incidence of PEP also did
not differ between the two groups in intention to treat
analysis (9.6% vs 8.5%; P = .659).

Hyperenzymemia, pancreatic enzyme levels,
and abdominal pain

The levels of amylase, pancreatic amylase, and lipase be-
fore ERCP were not significantly different in the risperidone

and placebo groups. The incidence of hyperenzymemia
also did not differ significantly between the two groups
(Table 2). However, serum amylase and p-amylase levels at
3 hours after ERCP were observed to be lower in the risper-
idone group compared with the placebo group (nominally
significantly lower in a single test of hypothesis; however,
this significance was removed by Bonferroni correction for
multiple testing) (Table 3). Similar results were obtained in
the intention-to-treat analysis. No significant difference in
abdominal pain was observed between the two groups.

Serum C-reactive protein levels and white
blood cell counts

Serum C-reactive protein levels and white blood cell
counts before ERCP were not significantly different in the
risperidone and placebo groups. Serum C-reactive protein
levels and white blood cell counts at 18 hours after ERCP
also were not significantly different in the risperidone
and placebo groups.

Other complications and adverse events

Complications developed in 22 patients, including 13
in the risperidone group and 9 in the placebo group
(54% vs 3.7%; P = .356) (Table 4). No patients had
adverse events related to risperidone, including no cases
with malignant syndrome or dyskinesia.

Risk factors for PEP

In univariate analysis, a small papilla of Vater, difficult
cannulation, acinarization, stenosis of the intrahepatic bile
duct, and a total procedure time of >40 minutes were iden-
tified as risk factors (Table 5). In multivariate analysis, a
small papilla of Vater, total procedure time >40 minutes,
and stenosis of the intrahepatic duct remained significant
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