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Table 2 Univariate and multivariate analyses of overall survival

Univariate analysis Multivariate analysis
P HR 95% CI P
Age (<65/265 years) 0.8349
Sex (male/female) 0.7584
EOCG PS (0/1) 0.0895
Child-Pugh score (5, 6/7) 0.1075
Rate of tumor occupation in the liver (<50%/>50%) 0.1042
Vp (3/4) 0.6216
Vv (0/2,3) 0.5705
Platelet count (<15 x 10*/215 x 10* uL) <0.001 - - 0.119
AFP (<1000/21000 ng/mL) 0.2462
DCP (<1000/>1000 mAU/mL) 0.2042
3D-CRT (with/without combination}) 0.3087
Regimen (5-FU/IFN/low-dose FP) 0.4233
Treatment response of intrahepatic HCC <0.001 33 1.801-6.114 <0.001
Treatment response of PVIT only <0.001 2.6 1.425-4.562 0.002

3D-CRT, 3-D conformal radiotherapy; 5-FU, 5-fluorouracil; AFP, o-fetoprotein; CI, confidence interval; DCP, des-c-carboxy
prothrombin; EOCG PS, Eastern Cooperative Oncology Group performance status; FP, cisplatin plus 5-fluorouracil therapy; HCC,
hepatocellular carcinoma; HR, hazard ratio; PVTT, portal vein tumor thrombosis; Vp3, tumor thrombus in the first branch of the portal
vein; Vp4, tumor thrombus in the trunk of the portal vein; Vv2, tumor thrombus in the right, middle or left hepatic vein trunk,
posterior inferior hepatic vein trunk or short hepatic vein; Vv3, tumor thrombus in inferior vena cava.

Table 3 Comparison of clinical profile between the RT group and non-RT group in intrahepatic HCC non-responders to HAIC

Variables RT group (n=29) Non-RT group (n = 25) p

Age (years) 67 (35-84) 64 (42-76) 0.430
Sex (male/female) 28/1 22/3 0.232
EOCG PS (0/1) 25/4 20/5 0.542
Etiology (HBV/HCV/NBNC/alcohol) 9/12/5/3 7/14/3/1 0.584
Child-Pugh score (5/6/7) 15/9/5 10/9/6 0.671
Rate of tumor occupation in the liver (<50%/>50%) 19/10 14/11 0474
Vp (3/4) 13/16 15/10 0.266
Vv (0/2/3) 27/1/1 22/1/2 0.759
Alb (g/dL) 3.6 (3.1-4.6) 3.8 (2.6-4.6) 0.709
Total bilirubin (mg/dL) 1.0 (0.4-3.0) 1.0 (0.5-2.9) 0.721
Prothrombin time activity (%) 86 (58-107) 86 (57-117) 0.584
Platelet count (x10*/pL) 12.4 (3.9-25.1) 15.4 (4.6-88.8) 0.096
AFP (ng/mL) 514 (5-200000) 1421 (13-1895000) 0.440
DCP (mAU/mL) 9363 (36-287180) 6392 (15-722140) 0.538
Regimen (5-FU/IFN/low-dose FP) 19/10 14/11 0474

Categorical data are represented as numbers of patients, and continuous data is represented as median and range.

5-FU, 5-fluorouracil; AFP, o-fetoprotein; Alb, albumin; DCP, des-c-carboxy prothrombin; EOCG PS, Eastern Cooperative Oncology
Group performance status; FP, cisplatin plus 5-fluorouracil therapy; HAIC, hepatic arterial infusion chemotherapy; HBV, hepatitis B
virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; IEN, interferon; NBNC, non-B, non-C; RT, radiotherapy; Vp3, tumor
thrombus in the first branch of the portal vein; Vp4, tumor thrombus in the trunk of the portal vein; Vv2, tumor thrombus in the right,
middle or left hepatic vein trunk, posterior inferior hepatic vein trunk or short hepatic vein; Vv3, tumor thrombus in inferior vena cava.
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Table 4 Univariate and multivariate analyses of overall survival in intrahepatic HCC non-responders to HAIC

Univariate analysis Multivariate analysis

P HR 95% Cl P
Age (<65/265 years) 0.3083
Sex (male/female) 0.0382 - -~ 0.326
EOCG PS (0/1) 0.6603
Child-Pugh score (5,6/7) 0.01106 2.1 1.061-4.265 0.033
Rate of tumor occupation in the liver (£50%/>50%) 0.0940 - - 0.064
Vp (3/4) 0.3633
Vv (0/2, 3) 0.1575
Platelet count (<15 x 10*/215 % 10" pL) 0.0366 - - 0.074
AFP (<1000/21000 ng/mL) 0.0678 - - 0.232
DCP (<1000/21000 mAU/mL) 0.2420
3D-CRT (combination with/without) 0.0002 3.2 1.692-6.021 <0.001
Regimen (5-FU/IFN/low-dose FP) 0.0583 - - 0.053
Treatment response of PVIT only 0.0164 - - 0.315

3D-CRT, 3-D conformal radiotherapy; 5-FU, 5-fluorouracil; AFP, o-fetoprotein; CI, confidence interval; DCP, des-c-carboxy
prothrombin; EOCG PS, Eastern Cooperative Oncology Group performance status; FP, cisplatin plus 5-fluorouracil therapy; HCC,
hepatocellular carcinoma; HR, hazard ratio; PVIT, portal vein tumor thrombosis; Vp3, tumor thrombus in the first branch of the portal
vein; Vp4, tumor thrombus in the trunk of the portal vein; Vv2, tumor thrombus in the right, middle or left hepatic vein trunk,
posterior inferior hepatic vein trunk or short hepatic vein; Vv3, tumor thrombus in inferior vena cava.

non-RT group (5.0 and 2.7 months, respectively;
P=0.0024) among intrahepatic HCC non-responders
(Fig. 2¢).

PPS

Seventy-one patients (85.5%) of all patients showed
disease progression in their treatment courses. Among
them, 21 patients (10 and 11 patients in the RT and
non-RT groups, respectively) had achieved the objective
response of intrahepatic HCC or responders, and 50
patients (28 and 22 patients in the RT and non-RT
groups, respectively) were non-responders. The median
PPS was 5.8 and 3.0 months in the RT and non-RT
groups, respectively, with no significant difference
(P=0.1488, Fig. 3a). While median PPS was not signifi-
cantly different between the RT and non-RT groups
(12.1 and 14.6 months, respectively, P=0.9303)
among intrahepatic HCC responders, that was signifi-
cantly longer in the RT group than in the non-RT group
(5.3 and 1.5 months, respectively; P =0.0001) among
intrahepatic HCC non-responders (Fig. 3b,c).

Adverse reactions and complications

Treatment-related toxicities were observed in 72 patients
(86.7%). Common adverse events were fever, fatigue,
nausea and anorexia and these were mostly of CTCAE
grade 1 or 2. CTCAE grade 3 or 4 adverse reactions
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included leukopenia, thrombocytopenia, increased
alanine aminotransferase or aspartate aminotransferase,
and increased blood bilirubin and these were observed
in five (12.2%) and six (14.3%), five (12.2%) and six
(14.3%), one (2.4%) and two (4.8%), and one (2.4%)
and one (2.4%) patient among the RT and non-RT
groups, respectively. No statistically significant differ-
ences were observed in adverse reactions between the RT
and non-RT groups. None of the patients who received
HAIC combined with 3D-CRT for PVIT developed
hepatic failure that fulfilled the criteria of classic
and non-classic RILD. One patient in the RT group
developed hepatic failure with increasing alanine
aminotransferase or aspartate aminotransferase, and
hyperbilirubinemia; the cause of hepatic failure was
considered to be the rapid progression of intrahepatic
HCC.

DISCUSSION

N THIS STUDY, we assessed tumor control, survival

benefit and safety of the combination therapy of
3D-CRT for major PVIT (Vp3 or 4) with HAIC for
advanced HCC by comparison with the group receiving
HAIC alone. The reduction rate of PVIT was signifi-
cantly higher in the RT group than in the non-RT group
without any severe adverse reaction. However, there

© 2014 The Japan Society of Hepatology
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were no significant differences between these two
groups in OS. By multivariate analysis, objective
response of intrahepatic HCC and objective response of
PVIT were independent factors for OS. Among non-
responders to HAIC, MST was significantly longer in the
RT group than in the non-RT group, and the combina-
tion therapy with HAIC and 3D-CRT was a significant
and independent factor of OS by multivariate analysis.
We consider that patients who obtained the reduction of
PVIT with RT could receive more additional therapies
due to the avoidance of hepatic functional deterioration
even if patients could not respond to HAIC and showed
disease progression in their treatment courses. In fact,
among HAIC non-responders, we also showed that
median TTF and median PPS were significantly longer in
the RT group than in the non-RT group. Taken together,
we considered that 3D-CRT for PVIT could potentially
provide survival benefit to advanced HCC patients with
HAIC who are refractory by prolongation TTF and PPS.
However, most of patients enrolled in this study had
advanced intrahepatic tumor with Vp3/4, and it was
difficult to assess whether the cause of death was HCC
spread or hepatic failure.

For patients with HCC and major vascular invasion,
surgical resection is one of the treatments of choice.
Pawlik et al. showed that surgical resection of HCC with
major vascular invasion could be performed relatively
safely and lead to long-term survival rate after resec-
tion.** However, it should be restricted to patients who
have a good hepatic functional reserve and a relatively
small primary tumor with distal branch occlusion by
PVTT because of the potential for perioperative mortal-
ity and the high recurrence rate after operation.

Currently, sorafenib has become the first-line therapy
for advanced HCC such as Barcelona Clinic Liver Cancer
stage C, including that complicated with MVI. However,
among patients treated with sorafenib, MST (8.1
months) in patients with MVI was shorter than that in
patients without MVI (10.2 months).” In addition,
Jeong et al. showed the extremely poor MST (3.1
months) in patients with advanced HCC with PVIT
(Vp3/4) by sorafenib treatment.?® Sorafenib is likely to
delay disease progression and has been demonstrated to
be effective in improving survival despite the low inci-
dence of objective responses. Recently, it has been
reported that administrating sorafenib potentially
results in reduction of hepatic perfusion following dete-
rioration of hepatic functional reserve?” In HCC
patients with MVI, sorafenib may have a much greater
impact on the reduction of hepatic perfusion and dete-
rioration of liver function, and this may be one of the
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causes why OS in HCC patients with MVI treated with
sorafenib is worse than that in patients without MVI.

Previous studies have demonstrated that treatment
efficacy of HAIC for advanced HCC with MV, using an
intra-arterial 5-FU-based regimen (FP or 5-FU/IEN) or
CDDP, shows a response rate ranging 12.2-52% which
is higher than sorafenib.”-'#?-3! Although these studies
had several limitations, such as being retrospective, non-
randomized controlled studies and with different regi-
mens, survival of HAIC responders (MST, 21.7-31.6
months) generally improved when compared with non-
responders (MST, 5.4-6.7 months). According to the
Japanese HCC management guideline,** for HCC with
MVI (Vp3/4), in addition to sorafenib, HAIC is regarded
as one of the treatment options. On the other hand,
survival of HAIC non-responders is generally poor and it
may be similar to that of patients with MVI among
placebo groups in the SHARP and Asia-Pacific
studies.

Although RT for the treatment of HCC has been
limited because of low radiation tolerance of the whole
liver, local RT has been investigated for the treatment of
HCC with the development of CT-based 3D-CRT. The
efficacy of local RT in HCC patients with PVIT has been
improved and MST and response rate were reported to
be 6-13 months and 40-57%, respectively.®'**-%" Fur-
thermore, the efficacy of combination therapy of HAIC
and 3D-CRT for PVIT have been reported. Han et al.
reported a response rate of 45% and MST of 13.1
months in HCC patients with PVIT treated by HAIC
with 5-FU/CDDP plus external beam RT.** We also
reported that 5-FU/IFN in combination with 3D-CRT
for PVIT improved the response rate of PVIT and
reduced the incidence of portal hypertension-related
events.”! However, survival benefit has yet to be eluci-
dated in this combination therapy of 3D-CRT for PVIT
with HAIC.

The present study demonstrated a 56.1% objective
response rate to 3D-CRT for PVIT without differences in
adverse reactions. The RT group had significantly better
survival than the non-RT group in intrahepatic HCC
non-responders to HAIC, but no significance was seen
in responders. Non-responders did not obtain the
response of PVIT when only HAIC was performed.
However, the RT group could have a high reduction of
PVIT even if without intrahepatic HCC response. In this
study, the RT group showed better TTF and PPS than the
non-RT group despite the non-response of intrahepatic
tumor to HAIC. These results show that 3D-CRT for
PVIT combined with HAIC could provide survival
benefit to non-responders to HAIC.

© 2014 The Japan Society of Hepatology
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Although the present study has several limitations such
as small sample size, a non-randomized and retrospec-
tive study design, and data generated from a single insti-
tution, it demonstrates that responders to HAIC could
have better survival than non-responders similar to pre-
vious reports,’*?* and that 3D-CRT for PVIT improves
survival in non-responders to HAIC. It is the important
issue to decide the indication of RT combined with HAIC
for HCC patients with Vp3/4. In HAIC responders, little
benefit was obtained by the combination therapy of
3D-CRT and HAIC. Unfortunately, no reliable predictors
of prognosis and response to HAIC using pretreatment
factors are currently available as well as sorafenib,
although several studies have tested the utility of various
biomarkers for advanced HCC.*****! Considering the
progression and life-threatening condition of Vp3/4
HCC and low rate of severe adverse events on the com-
bination of RT with HAIC, we consider that it may be
reasonable to apply RT for PVIT at the first course of
HAIC. Currently, several clinical studies regarding the
efficacy of HAIC and sorafenib are being performed in
Japan as follows. The combination of sorafenib and
HAIC, including the randomized controlled trial com-
paring efficacy of sorafenib versus sorafenib in combina-
tion with low-dose cisplatin/5-FU HAIC in patients with
advanced HCC (SILIUS, UMIN no. 000004315); the
randomized phase II study of HCC_Sor_CDDP_rP2
of sorafenib combined with HAIC-cisplatin versus
sorafenib for advanced HCC (UMIN no. 000005703);
and sequential therapy of HAIC followed by sora-
fenib in the SCOOP-II trial (HAIC using cisplatin fol-
lowed by sorafenib vs sorafenib alone for patients with
advanced HCC, randomized phase II study, UMIN
no. 000006147) and HICS55 (pilot study of HAIC using
low-dose FP followed by sorafenib for advanced HCC,
UMIN no. 000009094). Those results could help estab-
lish treatment strategies based on sorafenib and HAIC for
advanced HCC in the future. Also, further studies are
needed to identify predictors of response to these thera-
pies that could allow the selection of HAIC or sorafenib
for advanced HCC, and the combination with 3D-CRT
for PVIT.

In conclusion, based on this study, we suggest that
3D-CRT for major PVIT combined with HAIC for
advanced HCC could provide survival benefit to non-
responders to HAIC for prolonged OS.
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introduction

Abstract

Background and Aim: To assess the short- and long-term outcome of patients with
gastric varices (GV) after balloon-occluded retrograde transvenous obliteration (B-RTO)
by comparing bleeding cases with prophylactic cases.

Methods: Consecutive 100 patients with GV treated by B-RTO were enrolled in this
retrospective cohort study. We compared the technical success, complications, and survival
rates between bleeding and prophylactic cases.

Results: Of 100 patients, 61 patients were bleeding cases and 39 patients were prophy-
lactic cases. Technical success was achieved in 95% of bleeding case and in 100% of
prophylactic case, with no significant difference between these groups (overall technical
success rate, 97%). The survival rates at 5 and 10 years were 50% and 22% in bleeding
case, and 49% and 36% in prophylactic case, respectively. There was also no significant
difference (P = 0.420). By multivariate analysis, survival rates correlated significantly with
liver function (hazard ratio 2.371, 95% CI 1.457-3.860, P =0.001) and hepatocellular
carcinoma development (HR 4.782, 95% CI 2.331-9.810, P < 0.001). The aggravating
rates of esophageal varices (EV) were 21%, 50%, and 54% at 12, 60, and 120 months after
B-RTO. By multivariate analysis, aggravating rates significantly correlated with EV exist-
ing before B-RTO (HR 18.114, 95% CI 2.463-133.219, P =0.004).

Conclusion: B-RTO for GV could provide the high rate of complete obliteration and
favorable long-term prognosis even in bleeding cases as well as prophylactic cases. Man-
agement of EV after B-RTO, especially in coexisting case of GV and EV, would be
warranted.

ment options; however, these are invasive and have a limitation of
indication due to unfavorable hepatic functional reserve. In uncon-

Gastric variceal bleeding is associated with higher mortality and
more difficulty in obtaining hemostasis rather than esophageal
variceal bleeding'? because gastric varices (GV) without passing
through palisade vein has more increased blood flow and higher
portal vein pressure. Therefore, optimal management of GV
requires multidisciplinary approaches. Although various treatment
modalities, such as pharmacotherapy, endoscopic procedures,
interventional radiologic treatment, and surgery, have been widely
performed at present, the standard treatments for GV have not yet
been established. With endoscopic and pharmacological treatment
for GV with abundant blood volume, large size, and high portal
vein pressure, complete hemostasis and eradication of GV are
often difficult to obtain. Surgeries such as Hassab’s devasculariza-
tion and transection, and splenectomy are among the useful treat-
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trolled hemorrhage or rebleeding from GV, a transjugular intrahe-
patic portosystemic shunt (TIPS) is one of the important tools.>?
However, because of relatively high rates of rebleeding and the
development of hepatic encephalopathy, this procedure seems not
satisfactory. Balloon-occluded retrograde transvenous obliteration
(B-RTO) involves the occlusion of blood flow by inflation of a
balloon catheter into an outflow shunt and injection of 5% etha-
nolamine oleate into GV in a retrograde manner. Although it is
reported that B-RTO has been safely performed for GV with
almost complete eradication,'* the long-term outcome and prog-
nostic factors after B-RTO have yet to be elucidated. In the present
study, we evaluated the clinical outcome and prognostic factors
after B-RTO for GV by comparing bleeding cases with prophy-
lactic cases.!¢!7
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Table 1 Clinical characteristics of patients

All cases Bleeding Prophylactic P

(n = 100) cases (n=61) cases (n = 39)
Gender {male/female) 59/41 41/20 18/21 0.041%
Age (years)! 72 70 72 n.s.'
Etiology (HBV/HCV/alcohol/others) 4/54/24/18 2/291713 2/25/7/5 n.s.t
Child-Pugh (A/8/C) 39/48/13 19/31/11 20/16/3 n.s.t
Gastric variceal size (F1/F2/F3)* 0/50/50 0/34/27 0/16/23 n.st
Hirota's grade (1/2/3/4/5)* 11/27/36/23/3 5/14/22/17/3 6/13/14/6/0 n.s.’?
HCC development (nofyes) 39/61 42/19 20/19 n.s.t
Portal systemic shunt (GR shunt/GC shunt) 96/4 57/4 39/0 n.s.?
Esophageal varices (nonexisting/existing) 32/68 19/42 13/26 n.s.?
Esophageal variceal size (F1/F2/F3) 37/29/2 24/16/2 13/13/0 n.s.t
HVPG (mm Hg)' 7 5 8 n.s.'t

"Data are median values. *Endoscopic findings for gastric varices were evaluated according to the general rules for recording endoscopic findings of
esophagogastric varices. *Criteria for difficulty of retrograde transvenous obliteration according to retrograde venography under balloon occlusion.*

TChi-square test. ""Mann-Whitney U-test.

F, form; GC, gastrocaval; GR, gastrorenal; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HVPG, hepatic venous

pressure gradient; n.s., not significant.

Methods

Patients. In this study, consecutive 100 patients of GV treated
by B-RTO between December 1994 and April 2013 were enrolled
in this retrospective cohort study. Patients were classified into two
groups based on the presence or absence of bleeding from GV: the
prophylactic cases and the bleeding cases. In prophylactic cases,
appearances of red color sign or F3, or rapidly growing varices
with the high risk of rupture, were indications for B-RTO. Also, in
bleeding cases, those of portal systemic shunts by contrast-
enhanced computed tomography (CT) after temporary hemostasis
with balloon tamponade or endoscopically were indication for
B-RTO. Patients’ characteristics are shown in Table 1. Patients
comprised 61 bleeding cases and 39 prophylactic cases. There was
no difference of clinical background between bleeding and pro-
phylactic cases except gender (male/female) (P =0.041). The
study was approved by the institutional review board of the par-
ticipating clinical sites before study initiation, and the study was
conducted according to the tenets of the Declaration of Helsinki.
Written informed consent was obtained from all patients at the
time of enrollment.

B-RTO. Sclective angiography from the celiac- and superior
mesenteric arteries, and CT during arterial portography via
superior mesenteric- or/and splenic arteries using an angio-CT
system (Miyabi, Siemens, Erlangen, Germany; or INFX-8000C +
Aquilion, Toshiba, Otawara, Japan) were performed before B-RTO
in order to evaluate portal-systemic collaterals via unilateral
femoral artery.

A 5-Fr catheter with a 1- or 2-cm-diameter balloon (Selecon
balloon catheter; Terumo Clinical Supply, Gifu, Japan) was inserted
into the draining vein of the portal systemic shunt through inferior
vena cava via a right femoral or right jugular vein under local
anesthesia. During balloon occlusion of outflow vessels, retrograde
venography was performed to determine the hemodynamics of the
GV and collateral veins. During balloon occlusion, the degree of
progression of the GV and collateral veins was graded according to
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the classification reported by Hirota et al. (grade 1, GV were well
opacified without evidence of collateral veins; grade 2, collateral
veins were small and few in number, and the contrast medium
remained in the GV for 3 min or more; grade 3, collateral veins were
medium to large, there were few veins, and the contrast medium
filled the GV only partially and disappeared within 3 min; grade 4,
there were many large collateral veins, and the GV were not
opacified; and grade 5, the left adrenal vein could not be occluded
with the balloon catheter because of a very large gastrorenal shunt
with rapid blood flow)."? B-RTO was commonly performed using
5% ethanolamine oleate (Oldamin; Takeda Pharmaceutical, Osaka,
Japan) mixed with iopamidol (Iopamiron 300; Bayer Health Care,
Osaka, Japan) (5% ethanolamine oleate mixed with iopamidol
[EOIL}) under balloon occlusion. When necessary, minor collateral
vessels of the shunts were embolized by 50% glucose solution®
and microcoils' before EOI injection. Especially in the case of
Hirota’s grade 3 or 4, additional specialized techniques, such
as stepwise injection of EOI, to treat minor collaterals were
utilized.'”* The amount of EOI was defined as below 0.4 mL/kg
body weight in one session to reduce the side effect. To avoid
incomplete therapeutic efficacy and pulmonary infarction due
to an unstable thrombus, the balloon catheter was left in the draining
vein with balloon inflation for overnight and removed after confir-
mation of complete obliteration by retrograde venography. When
obliteration of shunt was insufficient on retrograde venography,
additional B-RTO was subsequently performed until disappearance
of inflow vessels. To prevent renal dysfunction related to hemolysis
that occurs as an adverse effect of EOI, 2000-4000 units of
haptoglobin were administered to all patients before B-RTO. All
patients underwent gastrointestinal endoscopy and intravenous
contrast-enhanced CT approximately 1 week after B-RTO.

Technical success. When the contrast-enhanced CT scan
showed GV with low attenuation, including the afferent veins or
the draining veins of the GV, we considered obliteration to be
complete. On the other hand, when contrast-enhanced CT showed
GV with partial enhancement, we considered obliteration to be
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urgent case

Balloon-occluded retrograde transvenous obliteration
(within a 24-h period) (n = 18), elective case (after 24 h) (n = 43)

Complete
obliteration (n = 58)

Figure 1 Clinical course of bleeding cases
from gastric varices.

partial. And when contrast-enhanced CT showed GV with whole
enhancement, we considered obliteration to be failure.

Complications. We adequately assessed complications
related to the procedure of B-RTO according to the Society of
Interventional Radiology.?! Minor complication means not to
require medical attention. Major complication means therapy is
required, permanent adverse sequelae, and death.

Follow-up. We estimated technical success and overall survival
in bleeding cases and prophylactic cases. Follow-up diagnostic
imaging, such as gastrointestinal endoscopy or contrast-enhanced
CT, was performed consecutively at 1, 3, 6, and 12 months, and
then every 6 months or 1 year after B-RTO.

Statistical analysis. While technical success and complica-
tions were examined as the short-term outcome, survival rates and
aggravation of esophageal varices (EV) were examined as the
long-term outcome. Categorical variables were compared using
chi-square test or the Fisher exact test when appropriate. Quanti-
tative variables or ordinal variables were compared with the
Mann-Whitney U-test. The cumulative survival rates and aggra-
vation rates of EV were determined using the Kaplan-Meier
method, and comparison of survivals between groups was done
with the log-rank test or the log—rank trend test in case of ordered
groups. The Cox’s proportional hazards model was used to esti-
mate the significance of independent variables. A value of P < 0.05
was regarded as statistically significant. The Statistical Package
for Social Sciences (SPSS, Chicago, IL, USA) was used for sta-
tistical analysis.
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Results

The clinical course of GV bleeding cases. The clini-
cal course of GV bleeding cases is shown in Figure 1. The 18
patients had sustained hypovolemic shock on admission. They
were initially treated to stabilize the hemodynamic circulation by
conventional treatment, such as intravenous fluid administration,
vasopressor drugs, and blood transfusion. After improvement
of their general condition, endoscopic examination was done.
Twenty-eight patients with bleeding signs were treated for
temporary hemostasis with balloon tamponade (n=38) and/or
endoscopically (n = 20; 12 patients were treated with injection of
cyanoacrylate® and 8 with endoscopic variceal ligation). Then, all
patients underwent contrast-enhanced CT to evaluate the presence
of portal systemic shunts and to determine whether they can be
treated with B-RTO.? Eighteen patients underwent urgent B-RTO
(within a 24-h period), and 43 patients underwent elective B-RTO
(after 24 h).

B-RTO procedure. Hirota’s grade, which was evaluated by
balloon-occluded retrograde transvenous venography, is listed in
Table 2. The 11, 27, 37, and 25 patients were diagnosed as Hirota’s
grade 1, 2, 3, and 4, respectively. Three patients were evaluated as
grade 5 because balloon catheter could not be inserted into the
shunt. By reevaluation from the internal carotid vein approach,
these patients were graded and listed as grade 3 and grade 4 in
Tables 2 and 3. The median amounts of 5% EOI were between
18 mL and 22.5 mL in each grade, as shown in Table 2. In two, one
and one patient in Hirota grade 2, 3, and 4, GV was completely
obliteration with 50% glucose and coiling for main vessel without
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Table 2 B-RTO procedure according to Hirota's grade

Prophylactic cases

5% EOQI
{mL)

Bleeding cases

5% EOI
(mL)*

All cases

Hirota's
grade

Coil

50% glucose
{(mL)

Number of
patients

Coil

50% glucose
{mLy*

Number of
patients

Coil

50% glucose
(mb)?

5% EOI

Number of
patients

(%)

(%)*

(mL)*

0
0
64
67

20 (20-60)

40 (0-130)

16.5 (10-30)

40 {0-90)
20 (0-80)

28 (7-38)

40 (0-90)

20 (7-38)

11

17 {0-35)

13
14

21

19 (0-42)
18 (4-56)

14
23
19

12

20 (0-100)

18 (0-42)

27
37

55 (40-300)
70 (0-130)

18 {0-55)
20 {

30
37

60 (0-102)
102 (0-200)

43
44

60 (0-300)
102 (0-200)

18 (0-56)
22.5(0-82)

0)

(7-82)

23

25

"Data are median values (range). *The number is population of patients used with micro-coil for microvessels.

B-RTO, balloon-occluded retrograde transvenous obliteration, EOI, 5% ethanolamine oleate mixed with iopamidol.

N Naeshiro et al.

EOI administration. The median amounts of EOI used were
not significantly different between Hirota’s grade 1/2 and 3/4
(18.5 mL and 19.5 mL, respectively, P=0.651). In contrast, the
median amounts of 50% glucose administered were 40 mL and
60 mL in grade 1/2 and 3/4, respectively. The proportion of
patients embolized by coils for microvessels was 8% and 44% in
grade 1/2 and 3/4, respectively. The amount of 50% glucose
administered (P = 0.009) and the proportion of patients embolized
by coils for microvessels (P < 0.001) were significantly different
between Hirota’s grade 1/2 and 3/4. When compared between
bleeding cases and prophylactic cases, there were no differences in
the amount of 5% EOI administered (bleeding cases and prophy-
lactic cases: 22 mL and 18 mL, respectively, P =0.748), 50%
glucose administered (bleeding cases and prophylactic cases:
60mL and 50 mL, respectively, P=0.128), and proportion
embolized by coils (bleeding cases and prophylactic cases: 28%
and 33%, respectively, P = 0.380).

Technical success. Of 100 patients, overall complete oblit-
eration was achieved in 97 of 100 (97%) patients, partial was in 2
(2%), and failure was in 1 (1%). Thus, technical success was 97%.
In bleeding cases, complete obliteration was achieved in 58 of 61
(95%) patients, partial obliteration was in 2 of 61 (3.3%), and
failure was in 1 of 61 (1.6%). In prophylactic cases, complete
obliteration was achieved in all 39 of 39 (100%) patients. There
was no difference between bleeding and prophylactic cases in
complete obliteration. Concerning Hirota’s grade, the success
rates were 100% (n=11), 100% (n =27), 97% (n =37), and 92%
(n=25) in grade 1, 2, 3, and 4, respectively (Table 3). One patient
with Hirota’s grade 3 and one patient with Hirota’s grade 4
resulted in partial obliteration, and one patient with Hirota’s grade
4 resulted in failure. All these three patients were bleeding cases.
One of the partial underwent Hassab’s devascularization 9 days
after B-RTO, and survived. The other of the partial died shortly of
liver failure. The patient with failure obtained spontaneous hemo-
stasis but died of gastric variceal rebleeding 1 year later.

Complications. Major complications were not observed by
this treatment. Minor complications were pain (13%), fever (35%),
gross hematuria (32%), transaminase elevation (29%), jaundice
(9%), renal dysfunction (6%), and ascites (18%). Among minor
complications, significant differences were observed in transami-
nase elevation between bleeding and prophylactic cases (bleeding
cases: n = 22; prophylactic cases: n= 6, P =0.035).

Survival. We cxamined overall survival of 97 patients with
complete obliteration. The median value of observation periods
after B-RTO was 60 (range: 0-191) months. Thirty-one patients in
bleeding cases and 15 in prophylactic cases died during the
follow-up period. The causes of death were hepatocellular carci-
noma (HCC) in 8, hepatic failure in 20, esophageal variceal bleed-
ing in 3, and extrahepatic diseases in 15. Overall cumulative
survival rates were 50% and 26% at 60 and 120 months after
B-RTO, respectively. The cumulative survival rates at 60 and 120
months were 50% and 22% in patients with bleeding, and 49% and
36% in patients with prophylactic cases, respectively (Fig. 2a). No
significance were seen between the two groups (P = 0.420).

Factors affecting overall survival. Overall survival cor-
related significantly with hepatic functional reserve assessed by
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Table 3 Technical success according to Hirota's grade

Hirota’s All cases Bleeding cases Prophylactic cases
grade Number of Success Number of Success Number of Success
patients rates (%) patients rates (%) patients rates (%)
1 1N 100 5 100 6 100
2 27 100 14 100 13 100
3 37 97 23 96 14 100
4 25 92 19 89 6 100
(a) o (b)
P =0.420 107
P < 0.001
0.8 1 0.8
i) 2
o o
© ©
2 0.6 Z 06
g 5 HCC development (-)
» o (n=58)
® Prophylactic cases s
2 0.4 < phy! o b
2 (n=39) o 04 1
O 1 O ksl
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B = 1 -
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t
0 0
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c
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- P <0.001
0.8
]
o Child-Pugh A (n = 38)
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Figure 2 (a) Cumulative overall survival rate in bleeding or prophylactic cases from gastric varices. No significance was seen between the two groups
{log-rank test, P = 0.420). (b) Cumulative overall survival rate between patients with and without development of hepatocellular carcinoma. There was
a significant difference between the two groups (log-rank test, £ < 0.001). {c) Cumulative overall survival rate according to Child-Pugh classification
(A/B/C). There was a significant trend in survival with respect to Child-Pugh classification (log~rank trend test, P < 0.001). B-RTO, balloon-occluded
retrograde transvenous obliteration; HCC, hepatocellular carcinoma.

Child-Pugh grading (P = 0.004), HCC development (P < 0.001), development (hazard ratio 4.782, 95% CI12.331-9.810, P < 0.001)
and existing EV before B-RTO (P = 0.035) by univariate analysis. were significant independent factors for overall survival (Table 4).
Multivariate analysis revealed that hepatic functional reserve The cumulative survival rates in patients with HCC develop-
(hazard ratio 2.371, 95% CI 1.457-3.860, P =0.001) and HCC ment were 16% and 0% at 60 and 120 months, whereas those
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Table 4 Univariate and multivariate analysis for survival rate

N Naeshiro et al,

Univariate analysis

Multivariate analysis

P Hazard ratio 95% Cl P

Gender {male/female) 0.258 — — —
Age (year) 0.222 —_ o o
Etiology

HBV 0.693 - - -

HCV 0.245 — — —

NBNC (reference)
Child-Pugh classification (A/8/C) 0.004 2.371 1.457-3.860 0.001
HCC development (no/yes) < (0.001 4.782 2.331-9.810 <0.001
PSS (GR shunt/GC shunt) 0.769 — — —
Gastric varices (bleeding/prophylactic) 0.420 e — —
Esophageal varices before B-RTO (nonexistence/existence) 0.035 — — —
HVPG before B-RTO (under 10/over 10 mm Hg) 0.887 — — —

B-RTO, balloon-occluded retrograde transvenous obliteration; GC, gastrocaval; GR, gastrorenal; HBY, hepatitis B virus; HCC, hepatocellular carcinoma;
HCV, hepatitis C virus; HVPG, hepatic venous pressure gradient; NBNC, non-HBV and non-HCV; PSS, portal systemic shunt.
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(a) Cumulative esophageal variceal aggravation. (b) Cumulative esophageal variceal aggravation classified by the existence of esophageal

varices (EV) before balloon-occluded retrograde transvenous obliteration (B-RTO). There was a significant difference between the two groups

(log-rank test, P<0.001).

without HCC development were 69% and 34% at 60 and 120
months, respectively. There was a significant difference between
the two groups (P < 0.001) (Fig. 2b). The cumulative survival rates
of Child A/B/C were 69%/42%/26% at 60 months, and 27%/
33%/0% at 120 months, respectively. A significant trend in sur-
vival with respect to Child-Pugh grading was demonstrated,
indicating that better prognosis was associated with hepatic func-
tional reserve (log-rank trend test, P <0.001) (Fig.2c). Four
patients with Child C and one patient with Child A, those were all
bleeding cases, died within 1 month. This patient of Child-Pugh A
died of pneumonia 20 days after B-RTO despite of successful
complete obliteration.

1040

Aggravation of EV after B-RTO. We analyzed the aggra-
vation of EV after B-RTO. Aggravating EV was recognized in 36
patients. Overall cumulative aggravation rates of EV were 21%,
41%, 50%, and 54% at 12, 36, 60, and 120 months after B-RTO,
respectively (Fig. 3a). By univariate analysis, aggravating rates
correlated significantly with existence of EV before B-RTO
(P <0.001) (Fig. 3b) and HCC development (yes/no) (P =0.071).
By multivariate analysis, overall aggravating rates correlated sig-
nificantly and independently with existence of EV before B-RTO
(bazard ratio 18.114, 95% CI 2.463-133.219, P =0.004). The
cumulative aggravating rates in patients with existence of EV
before B-RTO were 28%, 50%, and 68% at 12, 36, and 120
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months, respectively. The cumulative aggravating rates in patients
with nonexistence of EV before B-RTO were 0%, 7%, and 7% at
12, 36, and 120 months, respectively.

Discussion

In the present study, we examined the short- and the long-term
outcome of patients with GV after B-RTO by comparing bleeding
cases with prophylactic cases. There were no differences in com-
plete obliteration rates of B-RTO between bleeding cases and
prophylactic cases. Also, no differences were found in survival
rates between bleeding cases and prophylactic cases (P = 0.420)
(Fig. 2a). We identified hepatic functional reserve and HCC devel-
opment as significant and independent factors for overall survival
(Table 4). That is, hepatic functional reserve and HCC development
influenced the long-term outcome after B-RTO. The complete
obliteration rates of overall cases, bleeding cases, and prophylactic
cases were 97%, 95%, and 100%, respectively. According to the
classification of Hirota’s grade, all cases of partial or failure of
B-RTO were Hirota’s grade 3 or 4. All complications were minor
complications. Aggravating rates of EV after B-RTO is reported
to be high.!5!7%2 Similarly, those in our study were 50% and
54% at 60 and 120 months after B-RTO, respectively.

In bleeding cases, initial hemostasis of GV is mandatory before
B-RTO. After obtaining initial hemostasis, it is important to
undergo contrast-enhanced CT to evaluate the presence of portal
systemic shunts and to determine whether they can be treated with
B-RT0.%2 Considering that survival rates were similar between
bleeding cases and prophylactic cases (P = 0.420), even in bleed-
ing cases, successful treatment by initial hemostasis with endos-
copy or balloon tamponade, and successive complete B-RTO,
would provide a good prognosis comparable to prophylactic cases.

Hassab’s devascularization and transection, percutaneous
transhepatic obliteration, TIPS, and shunt-occluded endoscopic
injection sclerotherapy are performed as other modalities for treat-
ment of GV. Hassab’s devascularization and transection have a
limited role in the treatment of GV from the aspect of hepatic
dysfunction.”’® Percutaneous transhepatic obliteration could
obtain hemostasis, but rebleeding may occur.?® It is likely that the
antegrade procedure could obliterate inflow vessels but not easy to
obliterate varices completely. After the treatment of TIPS for
gastric variceal hemorrhage, the rates of hemostasis are greater
than 90%, but the incidence of rebleeding is approximately
30%.33! TIPS may achieve hemostasis, but rebleeding rates are
not satisfactory depressed. Moreover, this procedure may induce
hepatic encephalopathy or chronic hepatic failure.” On the other
hand, B-RTO shows high rates of hemostasis and low rates of
rebleeding. These findings would indicate that the retrograde pro-
cedure could easily obliterate whole varices in comparison with
antegrade obliteration. Of course, there were unavoidable cases.
Five patients, all were bleeding cases, died of pneumonia (one
patient with Child A) and liver dysfunction (four patients with
Child C) within 1 month after B-RTO.

There were no differences in the amounts of EOI (P = 0.748)
and 50% glucose (P =0.128), and the proportion of patients
treated with micro coil (P = 0.386) between bleeding and prophy-
lactic cases. There were significant differences in glucose
(P =0.009) administered and usage of coil (P <0.001) between
Hirota’s grade 1/2 and 3/4. On the other hand, the amount of EOI
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administered has no difference between them (P =0.651). As the
higher grade of Hirota’s classification, it means that more micro
vessels would exist. It is very important to decrease the amount of
EOI that is used to embolize these microvessels, and it is key to
achieve high successful rates of B-RTO. Even in a higher Hirota’s
grade, a good success rate would be kept by the use of glucose and
coil to reduce the amount of EOI. Recently, foam embolization has
been reported in B-RTO. This could also reduce the amounts of
EOL*** This procedure also needs to treat microvessels according
to Hirota’s grade.

All complications were minor, and there were no difference
between bleeding cases and prophylactic cases. Aggravating rates
of EV after B-RTO were high, especially in coexisting case of GV
and EV before B-RTO. This showed the need for more delicate
follow-up or additive endoscopic treatment for EV after B-RTO in
coexisting case of GV and EV. When these treatments were not
applicable, Hassab’s operation might be done. In HCC patients
with GV, B-RTO effectively prevented the rupture of GV, and this
would enable the continued treatment for HCC. Prospective large-
scale study concerning long-term prognosis and complications
after B-RTO in the future would be needed.

In conclusion, B-RTO for GV could provide high rates of com-
plete obliteration and favorable long-term prognosis even in bleed-
ing cases as well as prophylactic cases.
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SUMMARY. Pathogen-specific miRNA profiles might reveal
potential new avenues for therapy. To identify miRNAs
directly associated with hepatitis B virus (HBV) in hepato-
cytes, we performed a miRNA array analysis using uroki-
nase-type plasminogen activator (uPA)-severe combined
immunodeficiency (SCID) mice where the livers were
highly repopulated with human hepatocytes and human
immune cells are absent. Mice were inoculated with
HBV-infected patient serum samples. Eight weeks after
HBV infection, human hepatocytes were collected from
liver tissues, and miRNAs were analysed using the Toray
3D array system. The effect of miRNAs on HBV replica-
tion was analysed using HBV-transfected HepG2 cells.
Four miRNAs, hsa-miR-486-3p, hsa-miR-1908, hsa-miR-
675 and hsa-miR-1231 were upregulated in mouse and

human livers with HBV infection. These miRNAs were
associated with immune response pathways such as
inflammation mediated by chemokine and cytokine sig-
nalling. Of these miRNAs, hsa-miR-1231, which showed
high homology with HBV core and HBx sequences, was
most highly upregulated. In HBV-transfected HepG2 cells,
overexpression of hsa-miR-1231 resulted in suppression
of HBV replication with HBV core reduction. In conclu-
sion, a novel interaction between hsa-miR-1231 and
HBV replication was identified. This interaction might be
useful in developing new therapeutic strategies against
HBV.

Keywords: HB core, hepatitis B virus, hsa-miR-1231,
human hepatocyte chimeric mouse, microRNA.

INTRODUCTION

Hepatitis B virus (HBV) is a member of the Hepadnaviridae
family, which contains a group of hepatotropic small DNA
viruses that infect their respective animal hosts [1-3].
Once HBV infects human hepatocytes, the HBV genome
translocates into the nucleus. Some genome copies are
converted into a covalently closed circular DNA (cccDNA)

Abbreviations: HBc, hepatitis B core; HBsAg, hepatitis B surface
antigen; HBV, hepatitis B virus; miRNA, microRNA; RI, replication
intermediates.
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form and organized into a minichromosome with histone
and nonhistone proteins [4-8]. HBV cccDNA utilizes the
cellular transcriptional machinery to produce all viral
RNAs including the pregenomic RNA [9], and these gene
products regulate viral replication and pathogenesis by
regulating host gene expression [10,11].

MicroRNAs (miRNAs) are small noncoding RNAs of 21-
25 nucleotides in length, processed from hairpin-shaped
transcripts [12]. MiRNAs can bind the 3’-untranslated
regions (UTRs) of messenger RNAs and downregulate
gene expression by cleaving messenger RNA or inhibiting
translation. Several miRNAs associated with HBV infec-
tion, HBV replication and hepatocarcinogenesis have
recently been identified [13-19]. However, the direct influ-
ence of HBV infection on miRNA expression is still
unclear.

MicroRNAs are currently being investigated for their
therapeutic potential in antiviral therapy. As several stud-
ies have demonstrated that hsa-miR-122, which is specifi-
cally and abundantly expressed in hepatocytes, supported
hepatitis C virus (HCV) replication by improving RNA
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stability [20-24], small molecules or siRNAs which are
able to knock down miR-122 expression have been
explored as a new therapeutic agent for HCV eradication,

A similar microRNA-based antiviral approach is also
sought for the treatment of chronic hepatitis B, as it is diffi-
cult to eradicate HBV genomes converted into cccDNA or
minichromosomes under present antiviral therapies. To
develop new strategies for complete eradication of the viral
genome from hepatocytes, it is important to clarify the direct
associations between hepatic miRNAs and HBV infection.

In this study, miRNA microarray analysis was performed
using human hepatocyte chimeric mouse livers to assess
the direct impact of HBV infection on miRNA expression.
We successfully demonstrated that HBV infection attenu-
ated the expression of miRNAs under immunodeficient
conditions to protect early viral propagation. A novel inter-
action between hsa-miR-1231 and HBV replication was
identified.

MATERIALS AND METHODS

Human serum inoculum

Serum samples were obtained from a carrier infected with
HBV genotype C after obtaining written informed consent
for the donation and evaluation of blood samples. Inocu-
lum was positive for HBs and HBe antigens with high-level
viremia (HBV DNA: 7.1 log copies/mL). The experimental
protocol conformed to the ethical guidelines of the
Declaration of Helsinki and was approved by the Hiro-
shima University Hospital ethical committee (Approval ID:
D08-9).

Human hepatocyte chimeric mice experiments

Human hepatocyte chimeric mice (PXB mice), in which
human hepatocytes were transplanted into uPA*™*/SCID**
mice, were purchased from Phoenix Bio (Hiroshima, Japan).
Mouse experiments were performed in accordance with the
guidelines of the local committee for animal experiments at
Hiroshima University.

Six chimeric mice, in which more than 90% of the liver
tissue was replaced with human hepatocytes, were divided
into two experimental groups. Group A contained three
uninfected mice. Group B consisted of three mice that were
inoculated via the mouse tail vein with human serum con-
taining 6 x 10° copies of HBV. Serum HBV DNA titres
were quantified every 2 weeks by real-time PCR, and
human albumin levels were measured using the Human
Albumin ELISA Quantitation kit (Bethyl Laboratories Inc.,
Montgomery, TX, USA) as described previously [25]. Eight
weeks after inoculation, all three infected mice were
sacrificed. Infection, extraction of serum samples and sacri-
fice were performed under ether anaesthesia as described
previously [26].
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miRNA microarray analysis

Human hepatocytes were finely dissected from the mouse
livers and stored in liquid nitrogen after submerging in
RNAlater® solution (Applied Biosystems, Foster City, CA.,
USA). Experimental sample RNAs were isolated using
RNeasy Mini Kit (Qiagen, Valencia, CA, USA) and analysed
using TORAY 3-D Gene Chip human miRNA ver. 12.1
(TORAY, Chiba, Japan).

Data analysis

Gene expression profiles were analysed using GeneSpring
GX 10.0.2 software (Tomy Digital Biology, Tokyo, Japan).
Expression ratios were normalized per chip to the 50th per-
centile. To determine whether there were miRNAs differen-
tially expressed among samples, we performed two Welch's
t-tests (P < 0.01) on this prescreened list of miRNAs with
Benjamini and Hochberg's correction. Complete linkage
hierarchical clustering analysis was applied using Buclid-
ean distance.

Pathway analysis

The miRNA target genes were predicted by the online data-
base miRWalk (http://www.umm.uni-heidelberg.de/apps/
zmf/mirwalk/index.html). Target prediction was performed
using 3’-UTR sequences of mRNAs, and the probability
distributions were calculated using the Poisson distribution
[27]. The mRNAs with P values <0.01 were considered sig-
nificant. To improve the accuracy of target gene selection,
the predicted genes were screened using other prediction
programs, including miRanda (August 2010 release),
miRDB (April 2009 release) and TargetScan version 5.1
(Whitehead Institute for Biomedical Research, Cambridge,
MA, USA). Genes that were predicted by at least two alter-
nate programs were selected. Pathway analysis was per-
formed by PANTHER version 8.1 (http://www.pantherdb.
org/) to determine the effects of the predicted target genes on
pathways.

Quantification of miRNAs

Small RNAs were extracted from liver tissues or HepG2
cells with mirVana™ miRNA Isolation Kit (Applied Biosys-
tems) and reverse-transcribed according to the manufac-
turer's instructions. The selected miRNAs were quantified
with TagMan® MicroRNA Assays (Applied Biosystems)
using the 7300 Real-Time PCR System (Applied Biosys-
tems), and the expression of RNU6B served as a control.

Quantification of mRNAs

Total RNA was extracted from HepG2 cells transfected with
control miRNA or miR-1231 expression plasmid using

© 2014 John Wiley & Sons Ltd



RNeasy Mini Kit and reverse-transcribed (RT) using
ReverTra Ace (TOYOBO, Osaka, Japan) with random primer
according to the manufacturer’s instructions. The selected
c¢DNAs were quantified by real-time PCR. Differences
between groups were examined for statistical significance
using Student’s t-test. The primer sequences were as fol-
lows: GAPDH forward 5-ACAACAGCCTCAAGATCATCAG-
3’ and reverse 5-GGTCCACCACTGACACGTTG-3’; Mxl
forward 5- TTCGGCTGTTTACCAGACTCC-3’ and reverse
5’- CAAAGCCTGGCAGCTCTCTAC-3'; 2'-5" oligoadenylate
synthetase 1 (OAS1) forward 5'- ACCTGGTTGTCTTCCTCA
GTCC-3' and reverse 5- GAGCCTGGACCTCAAACTTCAC-
3’; double stranded RNA dependent protein kinase (PKR)
forward 5’- TGGCCGCTAAACTTGCATATC-3’ and reverse
5- AGTTGCTTTGGGACTCACACG-3'; and SOCS1 forward
5'-ACGAGCATCCGCGTGCACTT-3' and reverse 5-AAGAGG
CAGTCGAAGCTCTC-3".

Plasmid construction

The construction of wild-type HBV 1.4 genome length,
pTRE-HB-wt, was described previously [25]. The nucleotide
sequence of the cloned HBV genome was deposited into
GenBank AB206817. The HBc and HBx genes, amplified
from pTRE-HB-wt, were cloned into pcDNA3 and
p3XFLAG-CMV10 vectors and designated pcDNA-HBc and
p3FLAG-HBx, respectively. The human miR-1231
precursor expression plasmid (HmiR0554-MRO4) and the
control miRNA plasmid (CmiRO001-MRO1), which was a
miRNA-scrambled control clone, were commercially pro-
duced (GeneCopoeia™, Rockville, MD, USA).

Transfection of HepG2 cell lines with the plasmids

The HBV expression plasmid was transfected into HepG2
cells with control miRNA or miR-1231 expression plas-
mid using TransIT-LT1 (Mirus, Madison, WI, USA)
reagent according to the manufacturer’s instructions. 24—
48 h after transfection, core-associated HBV DNA and
HBV RNA were extracted and quantified by real-time
PCR or RT real-time PCR, respectively [28]. For identify-
ing targets within the HBV genome, HBc or HBx expres-
sion plasmids were transiently transfected with miR-1231
expression plasmid into HepG2 cells. Twenty-four hours
after transfection, the cells were harvested to perform
Western blot analysis.

Analysis of HBV replication intermediates

Quantitative analysis of HBV replication intermediates was
performed as described previously [29]. The HBV-specific
primers used for amplification were 5-TTTGGGCATGGAC-
ATTGAC-3' and 5'-GGTGAACAATGTTCCGGAGAC-3'. The
lower detection limit of this assay was 300 copies.

© 2014 John Wiley & Sons Ltd
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Western blot analysis

Cell lysates, prepared with RIPA like buffer [SO mm Tris-HCl
(pH 8.0), 0.1% SDS, 1% NP-40, 150 mum sodium chloride,
and 0.5% sodium deoxycholate] containing protease inhibi-
tor cocktail (Sigma-Aldrich, Tokyo, Japan), were separated
on 5-20% (wt/v) SDS-polyacrylamide gels (Bio-Rad Labora-
tories, Inc., Tokyo, Japan). Immunoblotting was performed
with anti-FLAG M2 monoclonal antibody (Sigma-Aldrich)
or anti-HBV core monoclonal antibody HB91 (Advanced
Life Science Institute Inc., Saitama, Japan) or anti B-actin
monoclonal antibody (Sigma-Aldrich) followed by incuba-
tion with horseradish peroxidase-conjugated sheep anti-
mouse immunoglobulin (GE Healthcare, Buckinghamshire,
UK). Expression of HBc protein was quantified based on the
densities of the immunoblot signals by Quantity One®
software (Bio-Rad Laboratories, Inc.).

RESULTS

miRNA expression alterations associated with HBV
infection

To analyse the influence of HBV infection on human he-
patocytes, miRNA microarray expression profiles were
compared between groups A (mice without HBV infection)
and B (mice with HBV infection). Among the 900 miRNAs
on the microarray, 10 miRNAs showed a more than 2.0-
fold change with HBV infection. Five of the 10 miRNAs
were upregulated, and the remaining five were downregu-
lated (Fig. S1). Because immunity was severely suppressed
in the chimeric mice, changes in miRNA expression are
thought to be closely associated with HBV infection, and
the upregulated miRNAs might play a protective role
against HBV infection. Thus, we focused on these 5 upreg-
ulated miRNAs.

Comparison of expression of the S upregulated miRNAs
in human liver tissues

To verify the microarray results, quantitative analysis of
miRNAs was performed using liver tissues from the chime-
ric mice. Three of the 5 miRNAs were significantly upregu-
lated by HBV infection (Fig. 1). Expression changes in the
other 2 miRNAs (hsa-miR-675 and hsa-miR-1908) showed
a similar trend but were not significant due to individual
variation. Therefore, further quantitative analysis was per-
formed using human liver tissues. Nine liver tissue samples
were obtained from patients with chronic hepatitis B
(N = 3), chronic hepatitis C (N = 2) or alcoholic liver dys-
function (N = 4), and miRNA expression levels were com-
pared. Expressions of all miRNAs except for miR-886-5p
were significantly higher in liver tissues with chronic hepa-
titis B than in those with other liver diseases (Fig. 2).
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Fig. 1 Upregulation of microRNA by HBV infection. Signal intensities of five upregulated miRNAs were compared between
HBV-infected and noninfected mouse livers. All 5 miRNAs were significantly upregulated by HBV infection. P values were

calculated by the Mann—Whitney U-test.

Associations between signalling pathways and the
upregulated miRNAs

To analyse the influence of miRNA upregulation on sig-
nalling pathways, pathway analysis was performed. How-
ever, there are several obstacles in analysing the
association between miRNAs and pathways, such as the
lack of reliable miRNA target prediction algorithms, dif-
ferences in the results among target prediction systems,
and the small number of validated target genes. To
improve the reliability of the targets, we performed the
pathway analysis in combination with four prediction
tools (miRWalk, TargetScan, miRanda and miRDB). After
this operation, 482 targets were predicted (hsa-miR-
1231: 203 targets, hsa-miR-1908: 3 targets, hsa-miR-
486-3p: 251 targets, hsa-miR-675: 25 targets), and
these 482 targets were submitted to the PANTHER clas-
sification system for pathway analysis. As shown in
Table 1, several immunological pathways such as inflam-
mation mediated by chemokine and cytokine signalling
pathway, and the interleukin signalling pathway were
identified, but it was difficult to identify characteristic
pathways.

Suppression of HBV replication with miR-1231
overexpression

Because hsa-miR-1231 was most the highly upregulated
among these four miRNAs and had a high homology with
the HBV genome, we focused on hsa-miR-1231. Using GEN-
ETYX ver. 8.2.1 (GENETYX, Tokyo, Japan), the hsa-miR-
1231 sequence was predicted to hybridize at the HB core and
X regions of the HBV genome (Fig. 3). To analyse the influ-
ence of hsa-miR-1231 on HBV replication, changes in HBV
replication intermediates were evaluated using an in vitro
HBYV replication model. As shown in Fig. 4a, HBV replication
intermediates were significantly reduced by hsa-miR-1231
overexpression, and the suppression of HBV RNA and HBc
proteins were also observed by hsa-miR-1231 overexpres-
sion (Figs 4b,c). Thus, HBV replication was concluded to be
inhibited by hsa-miR-1231 at the post-transcriptional level.

Specific regulation of HBV-related protein levels with
hsa-miR-1231 overexpression

As the preceding results indicated an association between
the production of HBV-related protein or HBV particles and

© 2014 John Wiley & Sons Ltd
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Fig. 2 Comparison of microRNA expression in clinical liver tissues. Quantification of miRNAs was performed by real-time
PCR using nine human liver tissues obtained from the patients who had chronic hepatitis B (N = 3), C (N = 2) or alcoholic
liver dysfunction (N = 4). Expression levels of four miRNA were significantly higher in the chronic hepatitis B patients
than in those of other liver diseases. The results of miR-886-5p levels were not statistically significant. P values were

assessed by Mann—Whitney U-test.

hsa-miR-1231 expression, further analysis was performed
to identify the region hybridized by hsa-miR-1231. As
shown in Fig. 5, HBc protein expression was remarkably
reduced by hsa-miR-1231 expression, but no reduction
in HBx protein was observed. These results indicate that
hsa-miR-1231 might interact with HBV core mRNA and
suppress HBV replication by inhibiting HBV core protein
production.

The effects of hsa-miR-1231 on the expression of
interferon-stimulated genes

Alternatively, hsa-miR-1231 might suppress HBV replica-
tion through activation of the interferon signalling path-
way. We thus evaluated mRNA expression of interferon-
stimulated genes (ISGs) with or without hsa-miR-1231
overexpression. None of the examined ISGs (MxA, PKR,
OAS-1 and SOCS1) were regulated by hsa-miR-1231
expression (Fig. S3). These results suggest that hsa-miR-
1231 suppresses HBV replication at the post-transcriptional
level but not through the activation of interferon signalling.
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DISCUSSION

Previously, we have demonstrated that human hepatocyte
chimeric mice can be chronically infected with hepatitis B
and C viruses [25,30,31]. This mouse model facilitates
analysis of the effect of viral infection under immunodefi-
cient conditions. In the present study, we performed miR-
NA array analysis using this mouse model and obtained
miRNA expression profiles reflecting the direct influence of
HBV infection on human hepatocytes. Furthermore, we
found a novel mechanism for HBV replication mediated by
hsa-miR-1231.

To avoid contamination with mouse tissue, human
hepatocyte chimeric mice were used in which liver tissue
was largely (>90%) replaced by human hepatocytes.
Although it is feasible to use microarray analysis in this
chimeric mouse model [32], signals from miRNA array
analysis may be influenced by cross-hybridization with
mouse miRNA from a small amount of contaminated
mouse-derived cells because of the high homology
between the human and mouse genomes. To compensate



e94 T. Kohno et al.

Table 1 Pathways associated with the 4 miRNAs
upregulated by HBV infection

for contamination, mice that were negative for HBV infec-
tion were set up as negative controls.

Only 5 miRNAs showed more than 2.0-fold upregulation
with HBV infection under miRNA array analysis using chi-
meric mouse livers (Fig. S1). Comparing these results with
our previous study using patient sera, only hsa-miR-486-
3p showed a similar change in sera from chronic hepatitis
B patients, but no upregulation of the other 4 miRNAs
was observed [15]. These results suggest that miRNA
expression in sera {rom chronic hepatitis B patients might
be regulated not only by HBV infection but also by human
immune responses. In addition, it might be difficult to ana-
lyse changes in expression of miRNAs that are expressed at
low levels in human hepatocytes, including hsa-miR-1231,

To identify targets of miR-1231, we searched using four
Although 632 target genes were
identified (data not shown), and involvement of a number
of pathways was indicated (Table S1), critical targets asso-
ciated with human immunity or HBV replication could not
be identified. Interferon signalling was also a potential
mechanism of HBV suppression, but several ISG mRNAs
were not induced by hsa-miR-1231 overexpression in vitro
(Fig. S2). Therefore, we concluded that hsa-miR-1231 does
not suppress HBV replication via interferon signalling.

To examine the possibility that miR-1231 directly regu-
lates HBV replication by interacting with HBV-related
mRNAs, we searched for hsa-miR-1231-binding motifs and
found two candidate sequences in the HBV core and X
genes (Fig. 3). As shown in Fig. 5, one target in the HBV
core region could hybridize with hsa-miR-1231, and HBc
expression was found to be suppressed by hsa-miR-1231
overexpression. The hsa-miR-1231-binding motif in the
HBV core region was conserved in more than 90% of the
HBV sequences in GenBank, regardless of HBV genotype
(data not shown). Thus, we speculate that hsa-miR-1231
binds to the HBc target region and suppresses HBc produc-
tion to inhibit HBV replication.

Fig. 3 Alignment of hsa-miR-1231 to HBV
genome. Alignment of hsa-miR-1231 to
i the HBV genome was performed. MiR-

Number of Ratio of

Pathway gene hits  genes %
Inflammation mediated by 11 2.60

chemokine and cytokine signalling

pathway (PO0031)
Angiogenesis (PO0005) 10 2.30
Integrin signalling pathway 9 2.10

(PO0034)
Gonadotropin releasing hormone 7 1.60

receptor pathway (P0O6664)
Whnt signalling pathway (P0O0057) 7 1.60
Parkinson disease (P00049) 7 1.60 using human serum.
EGF receptor signalling pathway 7 1.60

(PO0018) prediction  systems.
Alzheimer’s disease-presenilin 6 1.40

pathway (PO0004)
PDGF signalling pathway (P00047) 6 1.40
B-cell activation (PO0010) 6 1.40
Interleukin signalling pathway 5 1.20

(PO0036)
Huntington disease (P00029) 5 1.20
FGF signalling pathway (P00021) 5 1.20
Cadherin signalling pathway 5 1.20

(P0O0012)
VEGF signalling pathway 4 0.90

(PO0O0S56)
Toll receptor signalling pathway 4 0.90

(PO0054)
T-cell activation (P0O0053) 4 0.90
Ras pathway (P04393) 4 0.90
Heterotrimeric G-protein signalling 4 0.90

pathway-Gi alpha and Gs alpha-

mediated pathway (P00026)
Endothelin signalling pathway 4 0.90

(PO0019)
(a) HBX region

nt1500
! v
HBVgenome 5 GCUGCCG G
miR-1231 33 CGUCGAC cCuU
U
(b) HB core region
nt2280 nt2303
i c ¢ uu c

HBV genome 5’G(}A CU CU QCG(; ACAGA CAC 3
miR-1231 3y CGU GA CA GGCG

Cc

G G UCU GUG & 1231 sequence was predicted to hybridize

224

at the HBV core (a) and HBV X region (b).
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