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Fig. 3. Cumulative development rate of malignancies other than HCC

(A) in total HCV patients treated with IFN therapy and based on the dif-

ference of (B) age, (C) smoking index, (D) diabetic state, and (E) mean HbAlc level during follow-up in T2DM patients.

on three factors of age, smoking index, and T2DM
for the development of each malignancy other than

enhanced carcinogenesis of stomach, colon, lung, pros-
tate, breast, and pancreas with statistical significance.

HCC by using Cox regression analysis. Aging Smoking enhanced lung cancer and colorectal cancer
Table 4. Predictive Factors for Development of Malignancies Other than HCC
Univariate Analysis Cox-Regression Analysis

Variables HR (95% €} P HR (95% C1) P
Age, years {per 10) 2.23 (1.88-2.65) < 0.001 2.19 (1.84-2.62) <0.001
Sex, male/female 1.06 (0.79-1.40) 0.759

BMI, >22/<22 0.97 (0.75-1.24) 0.767

T2DM, 1/ 2,56 (1.76-3.72) ~0.001 1.70 (1 14-2.53) 0008
Hypertension, +/ — 2.33 (1.70-3.18) <0.001

Smoking index, >20/<20* 2.74 {2.06-3.65) <0.001 1.89 (1.41-2.53) <0.001
TAl, kg, >200/<200* 1.77 {1.33-2.37) <0.001

AST, IU/L, >34/ <34 0.89 {0.65-1.20) 0.412

ALT, /L, >36/<36 0.98 (0.72-1.34) 0.891

GGT, iU/L, >109/<109 1.26 (0.79-2.01) 0.350

Albumin, g/dL, <3.9/>3.9 1.41 (0.90-2.04) 0.145

Triglyceride, mg/dL, >100/<100 1.28 (1.03-1.60) 0.030

Total cholesterol, mg/dl, <150/>150 1.10 (0.82-1.46) 0.548

Piatelet count, x 10%/mm°, <15/>15 1.39 (1.02-1.91) 0.038

Histological diagnosis, LC/non-tC 1,77 (1.13-2.75) 0.012

Combination of ribavirin, +/— 0.66 {0.44-0.97) 0.034

Type of IFN, o/ 1.05 {0.75-1.47) 0.789

Totai dose of tFN, MU, >500/<500 1.31 (0.96-1.77) 0.084

HCV genotype, & 1.30 (0.80-2.93) 0.432

HCV RNA, log IU/mL, >5/<5 0.89 (0.50-1.23) 0.612

Efficacy, non-SVR/SVR 0.85 (0.64-1.12) 0.232

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; GGT, gamma-glutamyl transferase.
*Smoking index is defined as packs per day » year. TAl and smoking index indicate the sum before and after first consultation.
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Table 5. Impact Based on Age, Smoking Index, and Diabetes for Development of Malignancies Other than HCC

Age, Years (per 10) Smoking Index, >20/<20 Diabetes, -+ /-

Malignancy HR {95% C1) P HR (95% C1) P HR (95% CI) P

Gastiic cancer (n = 38) 248 (1.62-3.78; <0.001 1.69 (0.83-3.43) 0.146 2.29 {0.95-5.52) 0.065
Colorectal cancer (n = 35} 1.91 (1.28-2.86; 6.002 2.27 {1.13-4.58) 0.022 1.78 {0.68-4.88) 0.240
Lung cancer {n = 20) 2.33 (1.35-4.01) 0.002 2.90 (1.25-6.74) 0.013 1.53 {0.45-5.24; 0,496
Prostatic cancer {n = 16) 2.84 (1.32-6.13) 0,008 1.89 (0.88-3.15) 0.266 0.71 (0.08-5.47) 0.735
Breast cancer (n = 15} 2.86 (1.30-6.29} 0.009 1.29 (0.17-10.19) 0.808 1.20 (0.16-9.39) 0.859
Malignant lymphema (n = 19) 2.21 {1.26-3.88} 0.006 1.25 (0.44-3.56) 0.671 1.39 (0.32-6.12) 0.663
Pancieatic cancer (n = 12} 3.32 (1.44-7.65} 0.005 1.41 (0.45-4.82) 0578 3.75 (1.02-13.88) 0.048
with statistical significance. In addition, T2DM reported an increased risk of HCC among patients

enhanced the pancreatic cancer with statistical signifi-
cance and tended o enhance the gastric cancer.

Discussion

This study describes the development incidence of
HCC or malignancies other than HCC after the ter-
mination of [FN therapy in HCV patients. Patents at
Toranomon Hospital comprised mainly government
employees, office workers, and business persons. Most
patients were regularly recommended to undergo an-
nual multiphasic health screening examinations. In the
present study, patients who had undergone annual
multiphasic  health screening examinations were
enrolled. The strengths of the present study are a pro-
longed follow-up in the large numbers of patients
included.

The present study shows several findings with regard
to the development incidence and predictive factors
for total malignancies after IFN ctherapy for HCV
patients. First, the 10-year cumulative rates of HCC
after [FN therapy was determined to be 7.1% in
3,869 patients with chronic hepatitis and 37.7% in
433 patients with cirthosis using the Kaplan-Meier
method. Our previous studies showed via retrospective
analysis that the 10-year cumulative rates of HCC
were 12.4% for 456 patients with chronic hepatitis
and 533.2% for 349 patents with cirthosis.”*
Although patient selection bias for IFN treatment ver-
sus no treatment had been noted in the previous stud-
ics, the results suggest the possibility that IFN therapy
reduces the development of HCC in HCV patients.
Several historical data in Japan suggest that IFN ther-
apy reduces the development of HCC in HCV
pa*cients,z'{"26

Second. HCC occuired with sratistical significance
when the following characteristics were present: non-
SVR, advanced age, cirrhosis, TAI of >200 kg, male
sex, and T2DM. T2DM caused a 1.73-fold enhance-
ment in HCC development. Several authors have

with the following characteristics: non-SVR. cirrhosis,
male sex, advanced age, and T2DM.”**® Our results
show that physicians in charge of aged male patients
with non-SVR, advanced fibrosis, TAI of >200 kg,
and T2DM should pay attention to the development
of HCC after IFN therapy. In addition, maintaining a
mean HbAlc level of <7.0% during follow-up
reduced the development of HCC. This result indi-
cates that stringent control of T2DM is important for
protecting the development of HCC.

Third, the development rate of HCC per 1,000 per-
son years was about 1.55 in 1,751 patients with
chronic hepatitis at baseline and SVR. In these
patients, the risk factors associated with HCC were
advanced age, male sex, TAL and T2DM. We com-
pared the HCC development rate in patients with
chronic hepatitis at baseline and SVR to the general
population. A total of 5,253 individuals without HCV
antibody and hepatits B surface antigen, who under-
went annual multiphasic health screening examinations
in our hospital were evaluated as controls. Individuals
with either of the following criteria were excluded: (1)
illness that could seriously reduce their life expectancy
or (2) history of carcinogenesis. They were selected by
matching 3:1 with paticnts who had chronic hepatitis
at baseline and SVR for age, sex, T2DM, and follow-
up periods. In control individuals, the mean age was
51.7 years; the prevalence (number) of male patients
was 61.8% (3,246); the prevalence (number) of
T2DM patients was 4.2% (222); the mean follow-up
period was 8.0 years. The number of development of
HCC in control individuals was only five. This resulc
suggests that the development rate of HCC in patients
with chronic hepatitis at baseline and SVR is higher
than that in the general population.

Fourth, HCC accounted for 33.3% in SVR patients
and 73.6% in non-SVR patienss. According to
Matsuda et al.,” the outbreak of malignancies in the
Japanese male population was observed in the follow-
ing order in 20035: gastric cancer 20.4% > colon
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cancer 16.0% > lung cancer 15.4% > prostate cancer
10.9% > HCC 7.4%. On the other hand, the out-
break of malignancies in the Japanese female popula-
tion was observed in the following order in 2005:
breast cancer 18.0% > colon cancer 16.2% > gastric
cancer 13.6% > lung cancer 9.3% > uterine cancer
6.8%. Our results show that HCC is the most com-
mon cause of malignancy, not only in the non-SVR
group but also in the SVR group.

Finally, malignancies other than HCC occurred
with statistical significance when patients were of
advanced age, were smokers, and had T2DM. Our
result indicates thar smoking enhances lung cancer and
colorectal cancer. Many authors have reported that
smoking is a direct cause of cancers of the oral cavity,
esophagus, stomach, pancreas, larynx, lung, bladder,
kidney, and colon.’®?' In addition. the present study
indicates that T2DM enhances pancreatic cancer with
statistical significance and tends to enhance gastric can-
cer. 12DM showed up to about 1.7-fold increase in
development of malignancies other than HCC. A
recent meta-analysis of cohort studies have revealed
that diabetic patients increase risk of pancreatic cancet,
HCC, bladder cancer, non-Hodgkin’s lymphoma, colo-
rectal cancer, and breast cancer.”*™”

Although the role of T2DM in carcinogenesis
remains speculative, the following possible mechanisms
have been reported: (1) hyperglycemia increases
malignancy risk via increasing oxidative stress and/or
activating the rennin-angiotensin system®’; (2) insulin
resistance increases malignancy risk via down-
regulation of serine/threonine kinase II to adenosine
monophosphate-activated protein kinase pathway*';
(3) reduced insulin secretion increases malignancy risk
via down-regulation of sterol regulatory element-
binding protein-Ic with consequent up-regulation of
insulin-like growth facton*?

T2DM is increasing dramatically worldwide over
the past decades.” It is estimated that about 7 million
people are affected by diabetes mellitus in Japan.
Approximately 8%-10% of adults in Japan have
T2DM. The risk factors associated with T2DM
include family history, age, sex, obesity, smoking, phys-
ical activity, and HCV.® 15 the near future, T2DM
will be increasing in HCV-positive patients.

This study is limited in that it was a retrospective
cohort trial. Another limitation is that patients were
treated with different types of antivirus therapy for dif-
ferent duradons. In addition, T2DM patients were
treated with different types of drugs during follow-up.
Finally, our cohort contains Japanese subjects only. On
the other hand, the strengths of the present study are a
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long-term follow-up in the large numbers of patients
included.

In conclusion, T2DM causes an approximately 1.7-
fold enhancement in the development of HCC and
malignancies other than HCC after IFN therapy.
Additionally, in T2ZDM patients, maintaining a mean
HbAlc level of <7.0% during follow-up reduced the

development of HCC.
Acknowledgment:  We thanks Thomas Hughes for

editorial assistance.
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IV TIF VEELERE O L T U B R

3 R jE R
RE #HF BA B
AROIEE FEOR
wA XFE OHK R

WE I TICIFHIIRIE IS5 T ¥4 B E R
% (LUF RFA) OEBRRBEOILKD 20, FFEIIR SV —
v IS, IFEIRILZERM P T RFA 2% S
nTwa. [E%. FEEESROBIIRMIT % E 3 5 FC
L0, ML AEHMBRZIRIEL, LY REREL
BERELNEEINTWAEYY,

ESHARERANTHE I TITF VIIFEIEIC X
D, BE~OYEF F—LOmE L HIHEEDR Y
RY 720, REFARNIHEATAHEICLD, BATCBWT
JEEDRET ATEEEZHES L, BArBREELZRST
X)pLEZIONDL. FRVET F—VOBHEICL DY,
BRI DS — RV ERT SN D B, RIS X B EIR)
BAREI L, X VK& LBIEIBEONLLEZOND.

LEE A X, B LTI Y T F ViFENE
U L RFA 2 i17 LBl 20t 5 & L, BEAFSE
FHEEBB S TORRE L ZT, Retrospective [ZZ DEX)
WA R L7z

W EHE 20104ET ALY 20124 1 B0, Uk
TR LT ) 75 F CIFEEZ HFH L RFA
HATL 72 1L B (B 6 B, kS5 B xR e L7,
SEHE (P fE) 778 (59-84 %), Child-Pugh &5
Ao 1060, 65 10, Stagel: 1%, Stagell : 8,
Stage I : 2 %, JEEAE (P Jefl) 12 24 mm (14-43 mm),
MEEE B 8B, £ 36, 55% (6 61/11 Bl) 137
BB TH -7, BEACBCTHFSRA Y 74— 4
Faryery b FHTOEREDRT, 755
ExBFE L RFA 25617 L 72,

ROMBREREL > 5 —

*Corresponding author: norihiro.imai@gmail.com
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<ZHB20124E3F 130 > <FKIRH 201244 H5H >

e Ml R i
N #hsr BRI Tl
WO LA JrH R
i OREW] REH G

WEHEE LT, IEERICTRREDRENE
ZREEL, Y7085 —FVEEA BEEFSF
TIZRFABBEZHEN®Z, ~f 7uh7—71 LD 3
TIF L ERENEL, KENE TOBRIME DEHIE
LNTVE I EPHEREELRAETINTIFVE)
R AT L7 BEEE X ) RFA BEE % 5gfT L 72 (Fig ).

IV T F 5 E (PRIE) X 60 mg(20-60 mg),
JEF P58 (PRfE) 3 3ml (1-3m) Tho
7z. RFA BWIZIZEBAST % H\>72. Boston Scientific
#t LeVeen Superslim = — F »*30cm 3%, Angio
Dynamics #: RITA Starburst® model 70 (3 cm) 6 1,
model90 (5cm) 2BITH YD, FE kL LT LeVeen
gHx 4 BRBEERRICT, RITA €53 model70 Tid 2 BxFE
BB, model90 Tl 4 BRFERFIZ CEERE % 1T L7276
BRIRE LTHRBRLARBEDO Y 173y 7 CTIZBNT
HEEE 2 B L, DR 34 4 BB RITES. i
BEOFHm A 1T o 7.

R (1) 2EFMICBYT—EO RFA 2 TEHE
ZZxt L C o145 7% margin &£ AR OEFLE DS
L7z (Table). AEH O & KEE P RME L 42 mm
(3580 mm) T&H b, &H/PEFEFIMEIL 34 mm (3260
mm) T o 72, BRMORAEFBELE & LB LRKBEE
T 14K (o), B/NEET LR (FPOME) D
B KBGO FEE~O) EF F— VLIS
X U margin OFHINRES TH - 72

(2) WERBOFESHE (hafE) X 12 7 A (325 T
B0 R RFA S0 BB B0 %5 -
7z 11 Bl 3 BNZAER A, COF R E D 7208, RFA
A & RBEXETOREIZED DN h oz,

(3) EEMICBNTEERZEIER 2RO, BINE
B, ABRIEOERZZES 5 BEAKEN HFAez#o
o7z IR, 15 1 A% ® Child-Pugh A 2.7 1Z
LEALZ RO Dotz FEREOT-ONEEE L
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Fig. Patient No. 10
Immediately after transcatheter arterial chemotherapy using mirip-
latin 60 me/lipiodol 3 ml from right hepatic artery, we perlormed
radiofrequency ablation using RITA starburst model 90 6 cm). (A
B) The greatest long- axis and short-axis dimensions of the area co-
agulated after the combination therapy were %0 mm and 60 mm,
respectively. (C, D)

7otz 3 HT IR EIRSRZE. EREEZE, BHARTIR v ~ L CHEEREFHOT ?‘J?’ %ﬁf
I

bRk, NEEEZE g DO MAEEE R RO LA o7 ”L’“m?;}
< Rl }igiﬂ%z?fE%fM
s REA L A BIURET OREWHET  WEREOERIOEAD,
B0 EECBCTHENREDS SFE LT 5 mm Bl 5 18 A DEIRD: dy}ﬁét%&gﬂé

Gl R TR T AEHNEE LN SNTV A, EA A 2y 7o v EREERERA L r LT HERT D
CBL T L EO RFA T4 R BRRSE 5 ny. o & 41, ’@1@%4\@%-?133‘4&%?@ BEHSH D
B AL 7 BIEFIA R { e, E DR b nTHBY, MEBEOREHLRDT, BEIC K LE
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Table Profiles of patients treated with transcatheter arterial infusion chemotherapy using Miriplatin and radiofre-
quency ablation

Child- Diam-

Miripla- Puch  eter of Local Same Other
Patient  Age . Size RFA tin Injection = "~ recur- subsegment recur-
; Gender Site . score  necrotic b
No. {vears) (mm) Device dosage artery (before/  area rence recurrence rence
(mg/ml) i (month) (month) (month)

after) (mmy)

1 Male 59 S3 21 Super 40/2 PHA 5/5 35%32 - - -
slim 30
2 Male 60 S8 14 Super 60/3 RHA 5/5 39*%33 - - -
slim 30
3 Female 74 4 22 Super 60/3 RHA 5/5 36%30 - - +
slim 30 )
4 Male 81 S8 28 RITA 60/3 RHA 5/5 44%38 - - -
Model 70
5 Female 84 S8 25 RITA 40/2 RHA 5/5 42%38 - - +
Model 70 (10
6 Male 65 56 20 RITA 60/3 RHA 5/5 38*34 - - -
Model 70
7 Female 77 S8 24 . RITA 20/1 RHA 5/5 42%32 - - -
Model 70
8 Female 75 S8 25 RITA 60/3 RHA 5/5 45%44 - - -
Model 70
9 Male 78 S6 22 RITA 24/12 RHA 5/5 50%34 - - ~
Model 70
10 Female 80 S8 43 RITA 60/3 RHA 5/5 80*60 - - +
Model 90 (12)
11 Male 82 S7 3 RITA 60/3 RHA 6/6 58*48 - - -
Model 90

Super slim 30; Boston Scientific LeVeen Super slim needle® 30 cm
RITA Model 70, Model 90; Angio Dynamics RITA Starburst needle™ model 70 (3.0 cm), model 90 (5 cm)
Child-Pugh score were measured before and 1 month after combination therapy.

ELREWERII AR E SN T B0, FERE D FE|IHEEE 3 7S IF v, MRS,
PRBRICOVCTOHREI 2. FEOBENIBWT, T U PR
BB R RER TR 14 15, S NEETH 11

EOREBIEAPESRTEY, Y 75 VBRI @k 0 1) Yamasaki T. Kurokawa F. Shirahashi
LB ENRMFOER AR E E 2 iz, BRROFE H, et al. Cancer 2002; 95: 2353—2360 2) De Baere
Mz BTiE, BEA~OYEF F— VoL, T, Bessoud B, Dromain C, et al. Am ] Roentgenol
TR & BB RS L 72 0 R OBEmO 2002: 178: 53—59  3) Kobayashi M. Ikeda K.
R E rn £z bn 5. F BRI ICFE Kawamura Y, et al. Liver Int 2007; 27 (3): 363—359
RIS OBER2EOF, 3 75 F VBRI L Dk 4) Okusaka T, Okada S. Nakanishi T, et al. New
P IBRE S~ D HEIE A R AR 5 L B W REMEATRIB S 1 Drugs 2004; 22: 169—176 5) Imai N, Ikeda K,
7= Seko Y. et al. Oncology 2011:; 80: 188—194

REFAZR ) 77 F VIFENEZPRETAFHIZL D, —
Bl D T BRI 2 BRAGHAE O N, BiTeRR
BOBEEMOTENSTELLEELLND.
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EVEE
Combination therapy with transcatheter arterial
infusion chemotherapy using miriplatin and
percutaneous radiofrequency ablation for
hepatocellular carcinoma

Norihiro Imai”, Kenji Ikeda, Yuya Seko, Tasuku Hara.
Atsushi Ohno. Naoki Matsumoto, Yusuke Kawamura,
Tetsuya Hosaka, Masahiro Kobayashi. Satoshi Saitoh,
Hitomi Sezaki, Norio Akuta, Fumitaka Suzuki,
Yoshiyuki Suzuki, Yasuji Arase.
Hiromitsu Kumada

Miriplatin is a platinum complex developed to treat
hepatocellular carcinoma (HCC) via administration into
the hepatic artery as a suslained-relecasc suspension in
iodized oil. We retrospectively evaluated the efficacy
of combination therapy with transcatheter arterial in-
fusion chemotherapy using miriplatin and percutane-
ous radiofrequency ablation for HCC in 11 patients. Im-
mediately after transcatheter arterial infusion chemo-
therapy using miriplatin, we performed radiofre-
quency ablation. The greatest long-axis and short-axis
dimensions of the area coagulated after combination
therapy were 42 mm (35-80 mm) and 34 mm (32-60 mm).
respectively. During follow-up (median 12 months),
there was no recurrence from the same subsegment.
No serious adverse events were observed. These re-
sults suggested that using the combination therapy. it
is possible to finish one treatment session for patient
with HCC.

Key words: miriplatin. hepatocellular carcinoma,
radiofrequency ablation

Kanzo 2012; 53: 351—354

Department of Hepatology, Toranomon Hospital

“Corresponding author: norihiroimai@gmail.com

1) 2012 The Japan Society of Hepatology
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S C AEERXICHT 579 7L ENL 1500 mg
BERSGO N fay b 257574

)E *El)rzz %_;\ :
WA O & AV L

& U&IZ : Telaprevir (TVR)/Peginterferon(PEG)/
Ribavirin (RBV) @ =#I6 =L GETIH S48 <,
ECIEESYIT S R, i, EEEEE -
MR o TV AV FDSEIO B LAt 2R,
CRFFABHLFHRLLTCETEY, BIEICBITA=
BIPE RO £ 0 BEh ORI LG FTEIBE &
NeERETHA.

WREHE  BRICBOWTZHFHEE (TVRI2
#/PEG +RBV24 #8) % E A L 7z genotypelb - &7 1
L ZE (=50 LoglU/ml) @ 66 #ELL_LE D18 HEIF 4 IE Bl
T, GEBEAEE 12 B A L2 21 BlowT o
FERRIO e 4 OV AR L, ~EZ T Y Ll (Hb) @
WRICOWTHE L7z 2By 4 LV ARME, COBAS
TagManPCR™EIC THHE3 LBk L7z

HR BEETRIIERPIE 68 5 (66-73 5%), B/
M =12/9 B, WE/FEEE=4/17 %1, Core aa70/91
& it double wild/non-double wild=7/14 #. [1.28B

1) EOMELEIEL >~ 5 —

2) FEO M eI IEAT 7 2

“Corresponding author: nottask_tasuku@yahoo.cojp

SFIFME RS I FERke ) AT -V
REF Bok= (k) = AT -z,

MSD (). ZU AN v —X (FR), HEZZE

B (M), )7 r—vA vy =TT atri, KAR

s bk, BEYT VRS — - 7T R oih -

(#k)

<A HE20124E7H5H > <R E 201248 B 16 H >
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R WmE
T A
FERl" R

WS B N HAY
ER ORE OB K &2
R OMETRIT REE R

18099917 TT/non-TT = 13/8 #l. HCV-RNA H 33 6.5
LoglU/mL(5.1-7.3 LoglU/m(), WBC /¥ 4000 /mm’
(2900 7300 /mm®), Hb Freqi 13.9 o/d1(12.5-16.1 g/dl).
M/ il 15.2 % 10 /mm’® (10.2-214 % 10" /mm°) T
o 72, [ TVR2250/1500 mg=4/17 BICRAAE L,
TVRI1500 mg # DT RBV O ABRUERED 5 E L 724E
Bi7% 8 B, PEG & RBV W& % FAAN 6 Bz L 72 FEH
M5BT L7 BYHS X EREOHK THEL,
TVR 2250 mg (& 1 H 3 El#%5- (1 [8 750 mg), TVR 1500
mg X1 H 2 E#ES (1H750mg) ¥ L7z %BPEG
ERBV ERES ) oG EEEER L L2, TVR
ERHERBIC BT 5 HCV RNA &Y b1t 1:8/28/4
/8 /12 8 =14% (3/21 Bl) /33% (7/21 1) /85%
(17/20 1) /100% (19/19 #1) /100% (16/16 ) T
0, TVR #5858 Ti3 2250 mg/1500 mg =1 3 : 0(0/
461) /18% (3/17#1), 28 : 25% (1/4 1)) /35% (6/
1781), 438 :75% (3/4 1) /88% (14/16 #1), 88 :
100% (4/4 1) /100% (15/1561), 128 : 100% (2/
260 /100% (14/14 61) TH 72, TVRI500 mg #E
8 LT HCVRNA BHEAEE 100% %2R L 72 TVR
IR o 7 BIVER O PIER R R AR/ AL/ B AR AR =
2/2/1 BloEt 5 61, TVR2250 mg #E9D 50% (2/4 i)
W2EF LT 1500 mg BT 18% (3/17 1) TH - 7z,
B TVR oAk L7z 2 6lid, RBV B Rl LS
LTHED 12:BOEE T HCV RNA B L% R T
v 7= (Table). WMk EHIC BT B 508 O Hb WA 8
i 1 /2 /4 8/8 /12 B =02/16/27/33/3.:
g/dl TH iz TVR HG-BRNC K72 Hb WA & e
1& 2250 mg/1500 mg=18(06/0.2 g/dl). 2B (34/1F
g/dl), 438 (42/25¢g/dl), 8B (46/32 g/dD), L
#(64/31 g/dDTH Y, 2 HLIKENE 2250 mg #EIZ 1500
mg & L CHEECEA LTz (Mann-Whitne:
U-test) (Fig. ).
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Table Profile at the start of triple therapy of telaprevir with peginterferon and ribavirin, and treatment response.

TVR *Reduction *Reduction

Case ;‘V%‘f Sex dose  of RBV  of PEGIFN ok3es | Core fgfgéfl‘ég ggg‘ﬁ}ﬁf\l) W 2W 4W 8W 12Wside effect
(mg) (mg) (Lg)
169 M 1500 - 400 =20 TT Wild non response 6.3 (+3 () (=) (=) (=)
2 69 M 1500 - 400 =20 T Wild non response 7.3 (+)(+)(+) (=10~
3 73 M 1500 =400 -20 TT Wild relapse 70 (+) (=) (=)(=) (=)
468 F 1500 =200 =20 TG Mut non response 70 () (+) (=) (=) (=)
3 68 M 1500 - 200 =20 T Wild relapse 6.6 (+)(+) (=) (=) (=)
6 70 M 1500 =400 0 TT Wild relapse 6.0 (=) (=) (=)1(=) (=)
7 69 F 1500  -200 0 TG Mut relapse 6.7 (+)(+)(=) Skin rash
& 67 F 1500 200 0 TT Mut naive 6.3 (+) (=) (=) (=) Anemia
9 67 F 1500 =200 0 TG Wild relapse 56 (+)(+) (=) (=) (=)
10 69 F 1500 - 200 0 TT Wild relapse 6.9 (+)(+) () (=) (=~
11 66 M 1500 —200 0 TG Mut naive 58 (+) (=) (=) (=) (=)
1267 [F 1500 200 0 TT Wild relapse 0.9 (1Y (+) (=30 (=)
13 69 F 1500 -200 0 TT Wild non response 73 (+)(+) (=) (~- ) (=)
14 68 M 1500 0 0 TT Wild relapse 7.0 (+)(+)(+) (=) (=)
15 68 M 1500 0 0 TT Wild non response 59 (=) (=)« (—. ) (=)
6 69 F 1500 0 0 TG Mut relapse 51 (=) (=) Anemia
17 69 F 1500 0 0 TG Mut non response 6.8 (Y (+) (=) (=) (=)
18 66 M 2250 0 =20 TT Mut relapse 7.0 (+)(+)(+) (=) Asitia
19 68 M 2250 0 0 TT Wild naive 66 (+)(+) (=) (=) (=)
200 66 M 2250 0 0 TG Mut relapse 6.4 (+) () (=) (=) (=)
21 68 M 2250 0 0 GG Mut naive 5.3 (+) (=) (=) (=) Skin rash

Case 8, 18 TVR was discontinued due to side effect, but RBV combination therapy was continued.

Case 7, 16, 21: Triple therapy was discontinued due to side effect.

“The reduction dose at the start of treatment was indicated, in comparison to the standard dose of PEG-IFN and RBV adjusted
according to body weight.

TVR = telaprevir PEG-IFN =peginterferon RBV =ribavirin  Mut=mutant
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Fig. Loss of hemoglobin in the patients who received telaprevir, peginterferon
and ribavirin triple treatment during 12 weeks.
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We evaluated the triple therapy with telaprevir
(TVR) 1500 mg, peginterferon and ribavirin treatment
during 12 weeks on-treatment for elderly patients with
chronic hepatitis infected HCV genotype 1b. 17 pa-
tients received triple therapy with TVR 1500 mg, and
the other 4 patients received TVR 2250 mg. HCV-RNA
negative rates in TVR 1500 mg could be achieved
100% after 8 weeks. Furthermore, decreases of hemo-
gulobin levels in TVR 1500 mg were significantly
milder than those in TVR 2250 mg. These results sug-
gest that triple therapy with TVR 1500 mg might be
one of safety and useful treatment regimens for elderly
HCYV patients.
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Hepatitis B Virus-Specific miRNAs and Argonaute2 Play a
Role in the Viral Life Cycle
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Abstract

Disease-specific serum miRNA profiles may serve as biomarkers and might reveal potential new avenues for therapy. An
HBV-specific serum miRNA profile associated with HBV surface antigen (HBsAg) particles has recently been reported, and
AGO2 and miRNAs have been shown to be stably associated with HBsAg in serum. We identified HBV-associated serum
miRNAs using the Toray 3D array system in 10 healthy controls and 10 patients with chronic hepatitis B virus (HBV) infection.
19 selected miRNAs were then measured by quantitative RT-PCR in 248 chronic HBV patients and 22 healthy controls.
MIRNA expression in serum versus liver tissue was also compared using biopsy samples. To examine the role of AGO2
during the HBV life cycle, we analyzed intracellular co-localization of AGO2 and HBV core (HBcAg) and surface (HBsAg)
antigens using immunocytochemistry and proximity ligation assays in stably transfected HepG2 cells. The effect of AGO2
ablation on viral replication was assessed using siRNA. Several miRNAs, including miR-122, miR-22, and miR-99a, were up-
regulated at least 1.5 fold (P<<2E-08) in serum of HBV-infected patients. AGO2 and HBcAg were found to physically interact
and co-localize in the ER and other subcellular compartments. HBs was also found to co-localize with AGO2 and was
detected in multiple subcellular compartments. Conversely, HBx localized non-specifically in the nucleus and cytoplasm, and
no interaction between AGO2 and HBx was detected. SiRNA ablation of AGO2 suppressed production of HBV DNA and HBs
antigen in the supernatant. :

Conclusion: These results suggest that AGO2 and HBV-specific miRNAs might play a role in the HBV life cycle.
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biomarkers for liver injury and cancer [4]. Elucidating the function
of hepatic miRNAs in HBV infection is important in the
development of strategies to eradicate the virus and assess the
risk of HCC. A number of miRNAs have been shown to be up- or
down-regulated in HBV infection [4,12,13]. Noting that the
defective hepatitis delta virus co-opts HBsAg subviral particles for

Introduction

Hepatitis B virus (HBV) is a partially double-stranded DNA
virus in the Hepadnaviridae family [1]. New therapies are urgently
needed for the 350 million chronically infected individuals who
face a significantly elevated lifetime risk of cirrhosis and

hepatocellular carcinoma [2,3]. Recent insight into the role of
non-coding RNAs in the liver has highlighted potential applica-
tions of microRNAs (miRNAs) in HBV diagnosis and treatment
[4,5,6,7,8,9].

MiRNAs are a class of short non-coding RNAs involved in post-
transcriptional gene regulation of multiple pathways [10]. In
contrast to messenger RNAs, exosome-free extracellular miRNAs
may be nuclease-resistant and remain in circulation for long
periods of time by being stably bound to AGO2, a component of
the RNA-induced silencing complex [11]. The origin and function
of these extracellular miRNAs is unclear, but they may serve as
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export, Novellino et al. hypothesized that HBsAg subviral particles
might also sequester miRNAs from the liver [5]. Using HBsAg
immunoprecipitation, they identified a set of liver-specific and
immune regulatory AGOZ2-bound miRNAs associated with
HBsAg.

These reports suggest that AGO2 and a specific subset of
miRNAs may participate in HBV replication, either as part of a
host anti-HBV defense or as viral strategy to exploit or evade the
RISC machinery. In this study, we examined serum miRNA
expression in chronic HBV and healthy individuals and found a
specific subset of miRNAs that are over-expressed in HBV-positive
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patients and in which miR-122 was strongly up-regulated. To
determine whether components of the miRNA system are
associated with other HBV components, we performed subcellular
localization experiments with viral proteins and AGO2.

Materials and Methods
Study Subjects

We performed a series of experiments to compare miRNA
profiles of healthy and HBV-infected individuals in serum and
liver tissue. All patients had chronic hepatitis B and agreed to
provide blood samples for a viral hepatitis study. Patient profiles
are shown in Table 1. Histopathological diagnosis was made
according to the criteria of Desmet et al. [14]. The study protocol
conforms to the ethical guidelines of the 1975 Declaration of
Helsinki, and all patients provided written informed consent. This
study was approved a priori by the ethical committee of Hiroshima
University.

miRNA Expression Levels in Serum

miRNA expression in serum samples was measured using the
Toray Industries miRNA analysis system, in which serum miRNA
samples were hybridized to 3D-Gene human miRNA veri2.1
chips containing 900 miRNAs (Toray Industries, Inc., Tokyo,
Japan). MiRNA gene expression data were scaled by global
normalization, and differential expression was analyzed using the
limma package in the R statistical framework. Serum was collected
from 20 patients with high HBV DNA and HBsAg levels and with
either high (>42 IU/I) or low (=42 IU/I) ALT levels. Serum from
the 10 low ALT patients was analyzed as a mixture, whereas
serum from each of the 10 high ALT patients was analyzed both
separately and as a mixture. For comparison with healthy controls
we collected separate mixtures of serum from 10 healthy females
and 12 healthy males. Serum samples from each healthy female
were also measured separately. All healthy controls were negative

Table 1. Clinical characteristics of chronic hepatitis B virus
patients (n=248).

Alanine aminotransferase (IU/l)

Aspartate aminotransferase (IU/l)

Factor Value
Age 44 (15-76)
Sex (male/female) 169/77

56 (10-1867)
435 (15-982)

HBV DNA (IU/ml) 63 (1.8-9.1)
Liver fibrosis (1/2/3/4) 69/102/46/26
Necroinflammatory activity (0/1/2/3/4)  1/70/127/45/0
y-glutamyl transpeptidase (1U/1) 43 (9-459)
Alpha-fetoprotein (ug/) 6.15 (0-9400)
Promthl;ombin time (s) 93 (0-146)
Albumin (g/dl) 44 (0-52)
Platelets (x10%/mm?3) 16.75 (1-36)

HBsAg (1U/) 2765 (0.05-239000)
HBeAg (—/+) 115/127
HBeAb (—/4) 113/128

are shown as counts.

Desmet et al. [14].
doi:10.1371/journal.pone.0047490.t001
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Continuous variables are shown as median and range, and categorical variables

Fibrosis and necroinflammatory activity were scored according to the criteria of
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for HBsAg, HBcAb, and HCV Ab. For comparison with miRINA
expression in hepatocytes, miRNA expression was measured in
non-tumor biopsy tissue from an HBV-infected patient and
compared to non-cancerous liver tissue samples from two patients

without HBV or HCV infection.

Quantitative Real-time Polymerase Chain Reaction
miRNA Analysis

Using real-time polymerase chain reaction (RT-PCR) we
measured the expression of 19 miRNAs in serum from 248
patients with chronic HBV infection and from 10 healthy females
and 12 healthy males. Circulating microRNA was extracted from
300 pl of serum samples using the mirVana PARIS Kit (Ambion,
Austin, TX) according to the manufacturer’s instructions. RNA
was eluted in 80 pl of nuclease free water and reverse transcribed
using TagMan MicroRNA Reverse Transcription Kit (Life
Technologies Japan, Tokyo, Japan). Caenorhabditis elegans miR-
238 (cel-miR-238) was spiked to each sample as a control for
extraction and amplification steps. The reaction mixture con-
tained 5 pl of RNA solution, 2 pl of 10x reverse transcription
buffer, 0.2 ul of 100 mM dNTP mixture, 4 pl of 5x RT primer,
0.25 pl of RNase inhibitor and 7.22 pl of nuclease free water in a
total volume of 20 pl. The reaction was performed at 16°C for
30 min followed by 42°C for 30 min. The reaction was terminated
by heating the solution at 85°C for 5 min. MiRNAs were
amplified using primers and probes provided by Applied
Biosystems using TagMan MicroRNA assays according to the
manufacturer’s instructions. The reaction mixture contained
12,5 ul of 2x Universal PCR Master Mix, 1.25 ul of 20x
TagMan Assay solution, 1 pl of reverse transcription product and
10.25 pl of nuclease free water in a total volume of 25 pl
Amplification conditions were 95°C for 10 min followed by 50
denaturing cycles for 15 sec at 95°C and annealing and extension
for 60 sec at 60°C in an ABI7300 thermal cycler. For the cel-miR-
238 assay, a dilution series using chemically synthesized miRNA
was used to generate a standard curve that permitted absolute
quantification of molecules.

Pathway Analysis

Target genes of differentially expressed miRNAs were predicted
based on agreement among three miRNA prediction tools,
miRanda, miRBase, and TargetScan. Gene Set Enrichment
Analysis (http://www.broadinstitute.org/ gsea) was used to identify
significantly over-represented gene ontology (GO) terms among
the predicted targets.

Plasmid Construction

The construction of wild-type HBV 1.4 genome length, pTRE-
HB-wt, was described previously [15]. We used pTREZ2 vector
without pTet-off vector and doxycycline because a sufficient
amount of HBV transcript was produced from internal HBV
promoters, and transcription from the pTRE2 promoter is
negligible under these conditions. The nucleotide sequence of
the HBV genome that we cloned into plasmids pTRE-HB-wt was
deposited into GenBank under accession number AB206817.

Cell Culture

HepG2 cells, derived from a human hepatoma cell line, were
grown in Dulbecco’s modified Eagle’s medium (DMEM) supple-
mented with 10% (v/v) fetal bovine serum at 37°C and under 5%
COy. For the production of stably transfected cell lines, HepG2
cells were transfected with 20pg of the plasmid pTRE-HB-wt by
calcium precipitation and the transfected cells were selected with
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400ug/ml hygromycin-included DMEM. Sixty colonies were
isolated, and clones that were positive for both HBs and HBe
antigens were selected. Finally, one cell line named T23 was
selected and used for further experiments. T23 cells continuously
produced more than 6 log copies/ml of HBV DNA in supernatant
over more than 12 months (data not shown).

Immunocytochemistry

Co-localization between AGO2 and several HBV proteins
(HBc, HBs, and HBx) was analyzed using immunocytochemistry,
followed by cellular localization assays using antibodies targeting
various sub-cellular compartments. HepG2 or T23 cells were
seeded in 2-well chamber plates and harvested 48 hours after
seeding. The cells were washed with PBS and fixed with 4% (v/v)
paraformaldehyde. After fixation, the cells were stained with
several primary antibodies (Table S1). The bound antibodies were
detected with an Alexa 488-conjugated antibody against rabbit
IgG (1:2000) or Alexa 568-conjugated antibody against mouse IgG
(1:2000), respectively (Molecular Probes, Eugene, OR). Nuclei
were counterstained with 6-diamidino-2-phenylindole (DAPI)
(Vector laboratories, Burlingame, CA). The stained cells were
examined with a Fluoview FV10i microscope (Olympus, Tokyo,

Japan).

In situ Proximity Ligation Assay

We used proximity ligation assays (PLA) to determine whether
AGO?2 and HBc physically interact. PLA is a recent method to
detect protein-protein interactions using protein-DNA conjugates
that can be detected using fluorescence microscopy [16]. PLA
improves on traditional immunoassays by directly detecting even
weak or transient protein interactions [16]. HepG2 and T23 cells
were seeded in 2-well chamber plates and harvested 48 hours after
seeding. The cells were washed with PBS and fixed with 4% (v/v)
paraformaldehyde. After fixation, the cells were stained with
primary antibodies. The primary antibodies used are listed in
Table S1. After overnight incubation with primary antibody at
4°C, PLA was performed using Duolink II PLA probe anti-rabbit
plus and anti-mouse minus and Duolink II Detection Reagents
Orange (Olink, Uppsala, Sweden) following the manufacturer’s
protocol. Nuclei were counterstained with DAPL Imaging was
performed using a Fluoview FV10i microscope.

Analysis of Supernatant HBV Production by RNA

Interference Against AGO2

To investigate the necessity of AGO2 for HBV production, we
performed RNA interference assay using T23 cells that are
HepG2 cells stably transfected with the plasmid pTRE-HB-wt. We
used Silencer Select Pre-designed siRNA small interfering RNA
targeting AGO2 (#s25932, Ambion, Austin, TX) and Silencer
Select Negative Control #1 siRNA for control (Ambion). T23 cells
were transfected with one of the siRNA oligonucleotides (10 nM)
using Lipofectamine RNAIMAX (Invitrogen, Carlsbad, CA)
according to the manufacturer’s instructions. To examine the
knockdown effect of siRNAs against AGO2 by real-time quanti-
tative RT-PCR, T23 cells transfected with siRINAs were harvested
72 hours after transfection. Total RNA was isolated using the
QuickGene RNA cultured cell kit S (Fujifilm, Tokyo, Japan). One
ug of each RNA sample was reverse transcribed with the
SuperScript VILO ¢DNA Synthesis kit (Invitrogen). First-strand
complementary DNA (cDNA) was amplified with specific primers
for the coding sequence of AGO2. The primers were as follows:
forward, 5'-CCAGCATACTACGCTCACCT-3'; reverse, 5'-
CAGAGTGTCTTGGTGAACCTG-3'. We quantified AGO2
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mRNA with EXPRESS SYBR Green ER qPCR Supermix
Universal (Invitrogen) according to the manufacturer’s instruc-
tions. Amplification and detection were performed using the
Mx3000P Multiplex quantitative PCR system (Stratagene, La
Jolla, CA). Results were normalized to the transcript levels of the
housekeeping reference gene glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH). Three to seven days after transfection, the
culture media were collected to examine HBV production in
supernatant. HBs antigen was measured quantitatively using the
Abbott chemiluminescence immunoassay kit (Abbott Japan,
Tokyo, Japan). HBV DNA levels were determined by Cobas
TagMan HBYV standardized real-time PCR assay (Roche Molec-
ular Systems, Pleasanton, CA). Results are expressed in logl0
international units/ml. We also evaluated viability of cells using
the Cell Counting kit-8 (Dojindo Laboratories, Kumamoto, Japan)
at 3, 5 and 7 days after transfection, according to the
manufacturer’s instructions. All assays were performed in tripli-
cate, and the results are expressed as mean *= SD.

Statistical Analysis

All analyses were performed using the R statistical package
(http://www.r-project.org). Continuous variables are reported
using the median and range. Moderated t statistics or Mann
Whitney U tests were used to detect significant associations, as
appropriate, and P-values were adjusted for multiple testing based
on the false discovery rate.

Results

MIiRNA Microarray Results

We performed miRNA microarray analysis to identify HBV-
associated differences in serum miRNA profiles between 10
chronic HBV patients and 10 healthy controls (Fig. S1). 26
miRNAs with an absolute log fold change greater than 1.5 were
found to be significantly (Pypr <<0.05) up-regulated in serum of
HBV patients, and 8 miRNAs were significantly down-regulated
(Table 2). MiR-122, miR-22, and miR-99a levels were the most
strongly up-regulated in serum of HBV-infected patients, and
levels of miR-575, miR-125a-3p, and miR-4294 were the most
down-regulated. We also examined miRNAs associated with
presence of HBe antigen or HBe antibody, but no miRNAs were
significant following correction for multiple testing (data not
shown).

Analysis of Serum Sample Mixtures from HBV-infected
Patients and Healthy Controls

In addition to individual serum samples, we also examined 4
pooled serum samples as follows: 10 healthy males, 10 healthy
females, 10 HBV patients with low ALT levels, and 10 HBV
patients with high ALT levels (Fig. S2). In agreement with results
from individual analysis, miR-122 and miR-99 levels were
significantly higher in serum from HBV serum samples compared
to healthy control samples (Table 2). Corresponding results with a
log change greater than 1.5 were found for several other miRNAs,
including miR-22, miR-642b, miR-125b (up-regulated) and miR-
575 and miR-4294 (down-regulated), but results were not
significant following correction for multiple testing in the mixture
samples due to the small number of samples compared.

RT-PCR Analysis

Serum levels of 19 miRINAs were analyzed using quantitative
RT-PCR analysis of 250 chronic HBV patients and 20 healthy
controls. Several miRNAs (miR-122, miR-22, miR-99a, miR-720,
miR-125b, and miR-1275) were significantly up-regulated in
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