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Rt R OEE AR
HAY E"Y IDHERECKEE®  H

RE|MEFE: BMEAPL R

FrigZ FriesE

U ®IC

1980 £ Mayo Clinic D¥FHEEFE TH o7z Ludwig 127
W — VR RAICEM T 5 AT R B U KIEE
RZELWERIZOWT, BEMORBE LR BRI
L1872 20 EB 2 BoR L, JE7 v 2 — VBRI (non-
alcoholic steatohepatitis: NASH) & U C#i& L72Y (Ta-
blel). REXE L2 2BRBOAPETIZRL, E&L
TR EOEFBEREFRE LTRET H1EMEE
ITHFERERT, FEE» AR IFREICE TE
BT AAEBERONBICBIA2EBEBLEABREINT
Wb, L2L, Bt #E L 35 NASH DA B iHE b
BEFmE, ERNGEFRERRE SEEEERRESR
HLEOEHRA L L THORET HEFNFET H72
O, FRICIVEZEAZRAL, BHRAICHETLIE
MIRE E N7z (Table 1). Schaffner 5 % 1986 412, £k
BEPLY ) —VHBET20g/HUTIZOPPDOTT
VI — VERFEEICEMN LB E R TRARICON
T, BEROBRBZWELRB Y BRI LIERLET VI —
VBB B & B (nonalcoholic fatty liver disease:
NAFLD) & LT L22. Z0%, 1990 4Eiit Wan-
less & SFABROMBENELE R THRP 2 SHFTL
‘T, fatty liver hepatitis & LC#t& L 720, WHEENHR
R oI oomXe@ U<, FEERFHEE

1) KEFEESRHFEFREE > 57—

2) BAKZEWHLENRE

3) MURBREHEBEFERE Y ¥ —

4) REZTFERKEHLEARE

5) EWmHLRERENER

6) JNFREIFBE/LER ey & —

7 W REHE{LBNRSE

8) EBAREWILEAR
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DR E 72 5 NASH OFAEDHME S 22 1, 1998 £ NIH
Conference ¢ NASH &\ 9 JREZEMICBHNICE O H
LWRBHSS L Sz,

AFCTERAIC NASH P FEE LTHY EiFshi-o
1 2001 £ H RFFERFESHETSTH Y, 2004 F£1213EK
AXBLUOT7 V7 OEMRIE—FICE L THAFEES
Single Topic Conference 23 2> L7z, € D 1%, 2006
412 HARNFINZE S OW4EIC & 5 NASH - NAFLD 0%
BA A FOR SIS %, BN, BT NASH/NAFLD
WCHETAL L OHEIDP R IND L) I o7 NASH
BZOIIICHEZRCTECEHEDbIELIIChD
2o, SEOBIRE 25 HEBRBRERLEFT VR
WEISHRBFEONELRDLENE T 7. L
2L, DAETIE NASH OEFR - BIESRIERICIRIE
{ATONZLTI0ERLMEELTE ST, $/2 NASH
BEORESIVEFZEREERICLTWS LTV Z,
TN D evidence level DB WERIRIFZIZZ {2,

Z2C, £45 AHEANRESRS (TEEREE)
IZBWT, NASHURRE - W - PR - &5 —~
ELiarver 2 RNEANVTFLRAAyavdBER
FEEELLCHDTREIN. BRI EF 2L
NVHEL, BRELEROI VLV FAMESRE
EETHRE2ER % Informative statement & L, #E32
3R &$4t % Recommendation & LTHY EiF7-. =
YTV A VRPN TDBCRDTA ¥ 54 7 TidER
HEhTwivnhdy, BRELEROFHRBRETICEBNT
EEOBRMEONLh o LBEHIZOWTE, 7 V-
Ny FTEEKSMBICERZ RO, 20K, HEHE
D 2/3 YL EDAEZEHE 5 uhid Consensus Statement
ELTHRALZ(Table2). 7 r¥—23y Yot
200 ATHY, WRIZARIED 88%, FFABROMEER
SEHHS 10 SE YL EOERGDS 83%, FFIRFESEMED 83%
EEO. KRTRZONEOKMEZEMNTS.
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NASH D7 IU X A

NASH OZB7 NI A A% Fig 1123733, ko
X912, NASH OZW X IFERE BV ORBESZICT
b 59 (Table 2 Consensus statement 4, C-4). /NEEH
OIS R~ RIEHE O R % 48 ) ke AsHE L, /b
BRNOLEMREE GFRER, U35k, FHRomE
HAREZME hepatocyte ballooning, Mallory-Denk &, ¥
HIFL R B ORHEL pericellular fibrosis RPFEIZiHT o 72
ML perisinusoidal fibrosis, EAXI b2 ¥ FU 7, &F
B SIbE L LR SO TWA, L
L, SNLORBFRMFTRCEE SN S NASH
EPNEE K B\, £ 2 T4HH CIRABRFNICEED]
A E N7z NASH IS A C, BERRIIC NASH 258 o 72
AYREER I BEMMRIIT L B S NER, 2561
i3 NASH % #8212 50E U722 R iR & & a3
THREWESE LT LIELIENAFLD &) FEESH
whHhihb,

Tid, £D L) LERA%* 4 L EWRTNASH L&

Table 1 Ludwig iZ X 2 BaiF #0538

T a— i NASH
EHEME Bty ¢

i BRI +
B A - RS

50 % 12% (2009)

B _XThHAHH . 1999 FIZ Matteoni S IZEHD
NAFLD fEfl % £ TSR & IR BEEIE & OB#%
2REL, TCIFRICHRMELE BT 5 ER R Mallory-
Denk % &4 HiER, T 72, FFHBICEMBREE R
O 5 NAHERTIE, BEAMERFICL L CHFRERE
FEHRZ W EHE LD, ZOBEIE Rafig HIC & - CTHRE
Bani?®, InEZRIFTESEOI—FT 4 VT T, &
FFRICEREY RIZTHEZ R LIBRFENCH
B EANASH OSBHICEERLDOEZLIIE TR,
NASH OZ LTk 1) o XEEENE, 2)
KAEEMIIERTE, 3) FFHIROEMRERD 3 DDHHE
EFFRIR D & B UAEL T 5 IBERRARILL 72 (C-
5).

NAFLD {23 CIi2 NASH - NAFLD OZ# 4 A F2
BWT, [ LKERREWIC22b 5T,
AR T Va2 — VERFBEEICEM L EICKEED
RRRnibE 24 e ¥ A IFEE] EEREN T, &
noDERAOHDS, FEOREBZNETR L IEEICH
BIR 7 NASHERI % BT Z L ITHBNES TH 5.
L2 L, FEROIAIC X 2 FEBGROERILERTS
MWLM YR Z & L5 THED ARG
PLETHY, ho—EOESTIZZE IS NASH L B
MR L OREEOHMTY a2 sl bbb,
Z I NASH L 2T 2 BICED & 9 iR EZENET R
FRLIERT L), EMEOHTLXETROTEL

BIETER

BRI - BB

HBsHR, HCVIR{K, #EECHkGE

7&\
* ®
L v y
BER
AL REFFERLE
3 &
L Y
NAFLD Fiba—JLIEREHRE . FEE
]
NASH | somrememm

Fig. 1 NASH2ZKO7MIT) XA
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Table 2 NASH : NAFLD CBIL T, SEHDI—7 4 ¥/ CHEFROLNIZEH

Consensus statement

Evidence garde & level

S

NASH B2 FE L T2 FKEZOERFRETHS.
?gﬁkkgg@ TN a—VOEREEIERE LIS /) —VIBET 20g/ H (140g/ B) K
NASH - NAFLD & BHi§ 2 7-0 M0 BEIFREZ RN T L LEVDH 5.
NASH 287D Gold Standard (FFERTH 5.
NASH OMBFMBRNCIE TR 3HE T LEE TS,
1) FFsilao KSR {L
2) FAEMEMALIRE
3) e R ARRRER

Level 1a/Grade A
Level 3/Grade C

Level 1a/Grade A
Level 1a/Grade A
Level 2b, Grade B

6 BFEROBIS L & AEMERIRT 2EBEIFEEL V. Level 3, Grade C
7 NASH #*HEZH T sEESHCHBRREERBLEA TRV, Level 3/Grade C
8 NASH IZIZEHLUA L EMBFBRPEET 5. Level 1a/Grade A
Bl LS FRICEE S NASH 0 2%k NASH
9 NASH - NAFLD OZHE IR, BIcHBEBREERIEETH S, Level 1a/Grade A
10 NASH - NAFLD O&#E 2 BIBRA, $Ficd VX)) VIEIESEETH 5. Level 1a/Grade A
*11 NASH - NAFLD OREICA#EE, #ETFEELZECOBEHNERVERETH . Level 2b/Grade B
12 NASH - NAFLD OREWCTFARAA ¥, H4 b A4 VHBEETHA. Level 4/G1jadeB
13 NASH * NAFLD OREEICEMEA F L2 (ROS) BNEETH 5. Level 2b/Grade B
14 NASH #iEEThE, FiEORELIERT . Level 3/Grade C
15 NASH DOFHRE—BREROFRIVFRTHS. Level 2a/Grade B
16 NASHIZ X B FBELERIFHMEEOBRRFHTHS. Level 2a/Grade A
17 NASH 2B 2 FRBOBKEF TR - BRE - FORMEL - Siid 5. Level 2a/Grade A
18 NASH : NAFLD OBRBRZIT-o HAKE, BRESROBMILETSHS. Level 1a/Grade A
19 NASH:NAFLD OEEOESMOERIZBRZEF VA LRXVOBEWRESLETH 5. Level 1a/Grade A
20 NASH-NAFLD OE#E3ROEMICITmiE ALT LRI EBEIC LM E I L V. Level 3/Grade C
21 JE@% &b 745 NASH NAFLD EFITIE, #ELAASE ESHREIFHTH 5. Level 3/Grade C
22 NASH - NAFLD TIZEMREEIC L 2HEEFRE I Tw A, Level 4/Grade C
23 ;fﬁ %; ;i VBRI DM NASH - NAFLD SERDEEICIZ A ¥ 2 ) VIEREREESE Level 2a/Grade A
24 NASH - NAFLD TIZHiBbAIREBILIC L AFRBOUEFHFEIN TN S, Level 4/Grade C
25 NASH - NAFLD T3 EEFSEAIC L 2 FBBOREBENRESI ATV S, Level 4/Grade C
26 NASH - NAFLD CiZFBERIC X 2 IFREEOUENRE I LTV A, Level 4/Grade C
27 l\élf}f;g 'C“g: Ty IkF vy v 1 BRAKEREO TSRS BRI RS RE Level 4/Grade C
W5,
28 NASH : NAFLD TiBBENTFOERPHONNIL 00D 5. Level 4/Grade C
29 I{TJASH - NAFLD Tt QOL # a2 b WERISH TR R EEE BEEOMENNEE Level 4/Grade C
by,
Recommendation Evidence garde & level
1 I%I%Fé:% RBo 0k, /MUK TRME t—d—D bR, BESErHNE, FEkrE Level 2b/Grade B
2 KM NASH CERFEEZMNETIENET L. Level 1a/Grade A
& HLERAICHE S NASH
3 NAFLD TRRBEICEELRBY % £ VIEH, FCHBEFREERCOWTOFMEEIT Level 1a/Grade A
JZENLETHS,
4 NAFLD TIIBEICEE R 7T 28RR, oA VAU VEREICOWTO Level 1a/Grade A
FMMEIT) L ARETHB.
5 NAFLD Tit QOL #E&FHE2ETSE2ERIIHTAIHANLETHS. Level 2b/Grade B
6 NAFLD CRIFFEZLRELSBEICBVWIEENANL, EPRESLETHS. Level 2b/Grade B
7 MEiEE b )EANTIE, MELAEE - EEFARETEY . Level 2a/Grade B
8 HE EHHERECIIBEDEFELNZVESIZE, FRICSL-EREERTS. Level 4/Grade C
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Table 3 NASH & BAMISHIIF O & HEAH
BEhTtnwbsw—4—

£ ¥ A G

HOMA-IR

Leptin

Adiponectin
HHEL

Hyaluronic acid

typelV collagen 7S

TGFB
B{tA P LA

TBARS

Oxidized-LDL

Total antioxidant response

Total lipid peroxide levels

Thioredoxin

TNFa

hsCRP

Ferritin
THERF—TX

CK-18 fragments

TNF-o/adiponectin ratio

Interleukin-6

CCL2
AW

DHEA-S
HOMA-IR : homeostasis model assessment for insulin resis-
tance, TGFB:transforming growth factor , TBARS:thio-
barbituric acid-reacting substance, LDL :low-density lipo-
protein, TNF : tumor necrosis factor, hsCRP : high sen-
sitivity C-reactive protein
CK : cytokeratin, CCL2 : CC-chemokine ligand-2, DHEA-
S : dehydroepiandrosterone-sulphate

RIETFTHRODPLTHBY, ¥, DL H 7% NAFLD
HEGZ FFAEROBS L TE%E L { NASH * BR T

&2 POV THREFRMAE SN TR WD (C.

6). TM7=®, NAFLD % NASH & Btk IeRFlF & 4
AN 27:00FBEMYMEERFERY B2RAALN
7219719 (Table 3). LAL, NASH & OBHIZE S &\
ERVEMEBIFCTH Y, MOBREENERLE
AT BHERERIEZEL IR TR (C7).
CDI—=TAVITE, B -BERBE - ARV
Ik - Bl &% s NAFLD 28kb 5 ERITIE,
M/PRBOET LR~ — 7 — D LF R B
ML ZEDE LRV NITIFEREZZET A L
HHEZE S 71 (Table 2 Recommendation 1, R-1).

50 % 12 % (2009)

NASH D EEFE

NAFLD i3 REEMFT R b £ S W ERETH b,
ZOHEIISHTH S (Table1) (CR). LiL, 20
Bl bR EEL+5 NAFLD @A ¥ KY v &
TV FU—AQHBICB Y 2 EEETH ), NEE9S
BEFLEEODL EOBEHERICMNAT (C11), -
R IE I EUR) 2R L 5 2 BBERE (&
W24 YA V) REOBRBERFIERLT (C
9, 10), BBLX P L2 (ROS)VR2LTF 4 RA A v,
YA P4 VRS L2ZIFREEDWHER S I, BRIk
POl EEZBRTWS(C2 13). Z D72, NAFLD
DEELRFE-2HEICIE, BEEFTH 2 ABEHR
B4 ¥ 2 AERMEICER Lk 2 B RBOFLE
WEDOWTEiZIT) S e E s (RS, 4).

NASH ODBR BB EFE - FREOUZ Y

NAFLD Tt QOL &G FHREET SE2ERL L
C AR 23y Fu—A046E% NASH ~D#
BIEEING. ##oTC, 2OFBRL2EET L1012
&, ETEEERC NASH 10T 2 RBANEE R
AR BN (C14, 15). T 72, RIFTIILEHD NASH
EFAEZRIICBEL-MEI RV, $EHOI—F4
v T TRECK TR B EEOBIMIC O %435 L i
SNHERGEEET SR % NASH L HRET A &
2L Y7(C5), NASH OFRIET—BRERL YV TRLED
LEEBREBLIEDVTERTH o7 (C-15).

NAFLD (3B 6 0 RERBER LW 2 0b 55, F
MREET R 7 v a — VI FFREEICE D L 722 210k
DIRPEFEE LCHLBIRBBEICIEE T 5 2 & 2465
ETHBEFEETH S, £ 180 NASH E/IM 2
T, 4% NASH KRBT 2 Ef 2 &L EfTHL 2 &
o, WETHSHRBROBHIETERT 5 L B5 13
BEND. BKDE L DFHFLTH NAFLD 2 BT H
B OBMALIER L, FEBEERORMCE
BEHREINTVWEDD LiL, Bk, &
B3I —F 4 7 CTid NAFLD % BB Ui o
MELPERT 2L O®BRMEBLZLIITE b
7.

NASH 3HEEICERETA0AL ST, Mg
HRE %52 (C-16). NASH K BIF B FRBOY — 7 ik
T0EMRITH Y, ERLIFOMMEL, EHRERms
HEBOBRKRETFTH 2 (C17). FERIMTOILE
Blid NASH 2N BIEFTH Y, Bl LIRS NP
HMIEIC NASH L OBMICEAFTRIB O L L D,
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Table 4 NAFLD/NASH DGEIER

BE (PBRAE )
4 v 2 VKb
WA ER
BAVHAY, TFELARYEA DIV
TNF-v, IL-6, TF4 R®ATZF, etc.
L VA Yy I VRERTF
PKCs, JNK1, FOXO1, etc.
BiLA R LR
ERAMVA, 3PV FYT7AMLA
RAFERARHRIEETF
BERHEY
BE5E GlEsERRIBR O EA)
A VA viEHE RVEVESEY S—E, MCP-
1, TNF-q, etc.
PR B A R B R R
acetyl-CoA carboxylasel, 2, etc.
HeRhERER LB B R
carnitine palmitoyltranferasel, etc.
PeirER Rl EE T
AMPK, SREBP1, ChREBP, PPARa, v, LXR, etc
rr g 43 B L R
Microsomal triglyceride transfer protein, apoB,
etc.

el R E R ¥
perilipinA, adipophilin, TIP47, etc.
FAL Iy, TRARFL A
FRIVEY
BIRBRIVE Y, HiRIVEY, BERRVEY
Z 0t
FF4 R a2— YV, etc

BALAPLR - HE - THRF—V R
Feageafaili)
Kupffer #ifd, ~2 07 7—3, NKT #ils,
R ER
I PIVFYTAMVA, ERAFL R
SHBRER
BRHE, o FhEy
YA MLy, TEHAY, TFARYL b4
TNF-o, IL6, IL-1B, MCP-l, 754 K325
REE, 7RIV RAEERT
Toll-like receptor
JNK, IKK, AP-l1, NF«kB, etc.
COX-2, Liopoxigenese, etc.
Fas/FasL, caspase, etc.
Bkt
MR
Fr2M2, Kupffer M, SRAMEME, otc.

YA MWL, FEAL Y, TFAER
4 V TTARYFAL bAoA

TGE-B, MCP-l, L7F Y, 754 HKiz 5
TR TARRZF o,

Tv¥FT ¥y, FGFE, CTGF, etc.
wH ER/ S RET
ECM, TIMP, MMP, etc.
DAz
Smad &, MAPK %,
KiE, BILA LA
BERT, SAEEE
PPARy, LXR, FXR etc.

etc

FRAEROILIC & 5 FABE0ZP 5 NASH ISER
THNENEERLC, HELRBBEILETHL
TEEEIITH RV,

NASH (237 3 /8%

NASH OBEXOFHIIEHTH S, #oT, Bz
PESEBITIE, MEELAASE - EFRECIIBRED
HHTH 5 (C21, R7). T TIZE D banding % £ D5
AEERIC L ABEDEANBE - THY, TOFH
HAERTHRENDDOONLY, iz, BEEEREICL S
BELBRE SN TWS (C22). LA L, FEMEHO NASH
2 RED RIS RLHRBENENTS TRWIER T,
REBICIE U iam e ER T 2 LENH 5 (C-23, 24, 25,
26, R-8) (Table4). NASH 23t LCRigE2 B T 5 EY
BEEATIX WIS, NASH AFZEO#ERIC X D, BR

- 640 -

BT FOBRMAH 5% ) D0 % (C27, 28).
Bl IE, NAFLD OFEIIZERIER L R (C-13) mfd
EARRENTEY, BILA DL A0OBRKE HigL 7
REBACIRORER|MIC & 2 FREOR B e s
T3 (C24). £72, £ YR VEFMEOBRVER©
A YR P EFRSEEOF AR SR (C23),
FRERFELEA (C-25) SHFBARE (C26) 1ok 27
BOYE, 7V V4T v ¥y I BERKERE T
BECCE - MM LIRS BE S hTwa (Co7). L
2L, NAFLD/NASH OFRHE, WEBiZH—iznil
% OIRERTHRBITHIE L2 EBEO RS bE L
2 bN%. NASH RFEZE, FHE~EELE2%
7% 0T, NAFLD TRIFEECHREE L SH B
%ﬁﬁxtﬁﬁﬁﬁﬁﬁﬁﬁ&émﬁﬁlitNmm
RiE - ERODFRERHOMEOESIC LY, e
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DBBEERAREN T B (Tabled) O T, QOL
L b VERRIC AT ARE  BEEOBER
EIn5(C29). oI, MoOrDEELIToEE
WIXEESROFMASLETH Y (C18), HREDIE
HICIZEEREOB ORIV ETH 5 (C19). #- T,
NASH IZH$ 2 IGEMR ORI IE ALT & £ B 12,

¥ i

JRERRRIC & BRHEAE T L (C-20).

X R

1) Ludwig ], Viggiano TR, McGill DB, et al. Nonalco-

2)

3)

4)

5)

6)

7

8)

9)

10

11

)

~—

holic steatohepatitis: Mayo Clinic experiences with
a hitherto unnamed disease. Mayo Clinic Proceed-
ings 1980; 55: 434—488

Schaffner F, Thaler H. Nonalcoholic fatty liver dis-
ease. Progress in Liver Disease 1986; 8: 283—298
Wanless IR, Lentz JS. Fatty liver hepatitis (steato-
hepatitis) and obesity: an autopsy study with anaty-
sis of risk factors. Hepatology 1990; 12: 1106—1110
B AR ZESHE. [NASH - NAFLD 28N 1 K],
E, EH, 2006, p30—31

Ono M, Saibara T. Clinical features of nonalcoholic
steatohepatitis in Japan: Evidence from the litera-
ture. Journal of Gastroenterology 2006; 41: 725—732
Sanyal AJ. AGA technical review on nonalcoholic
fatty liver disease. Gastroenterology 2002; 123:
1705—1725

Matteoni CA, Younossi ZM, Gramlich T, et al. Non-
alcoholic fatty liver disease: a spectrum of clinical
and pathological severity. Gastroenterology 1999;
116: 1413—1419

Rafig N, Bai C, Fang Y, et al. Long-term follow-up
of patients with nonalcoholic fatty liver. Clinical
Gastroenterol Hepatol 2009; 7: 234—238

Murata Y, Ogawa Y, Saibara T, et al. Tamoxifen-
induced non-alcoholic steatohepatitis in patients
with breast cancer: determination of a suitable bi-
opsy site for diagnosis. Oncol Rep 2003; 10: 97—100
Merriman RB, Ferrell LD, Patti MG, et al. Correla-
tion of paired liver biopsies in morbidly obese pa-
tients with suspected nonalcoholic fatty liver dis-
ease. Hepatology 2006; 44: 874—880

Kleiner DE, Brunt EM, Van Natta M, et al. Design
and validation of a histological scoring system for
nonalcoholic fattyliver disease. Hepatology 2005;
41:1313—1321

50 % 12 % (2009)

- 641 -

12)

13)-

14)

15)

16)

17)

18)

19)

20)

21)

22)

Neuschwander-Tetri BA, Caldwell SH. Nonalco-
holic steatohepatitis: summary of an AASLD Sin-
gle Topic Conference. Hepatology 2003; 37: 1202—
1219

Farrell GC, Chitturi S, Lau GK, et al; Asia-Pacific
Working Party on NAFLD. Guidelines for the as-
sessment and management of non-alcoholic fatty
liver disease in the Asia-Pacific region. ] Gastroen-
terol Hepatol 2007; 22: 775—777

Angulo P, Hui JM, Marchesini G, et al. The NAFLD
fibrosis score: a noninvasive system that identifies
liver fibrosis in patients with NAFLD. Hepatology
2007: 45: 846—854

Harrison SA, Oliver D, Arnold HL, et al. Develop-
ment and validation of a simple NAFLD clinical
scoring system for identifying patients without ad-
vanced disease. Gut 2008; 57: 1441—1447

Guha IN, Parkes ], Roderick P, et al. Noninvasive
markers of fibrosis in nonalcobolic fatty liver dis-
ease: Validating the European Liver Fibrosis Panel
and exploring simple markers Hepatology 2008 47:
455—460

Vuppalanchi R, Chalasani N. Nonalcoholic fatty
liver disease and nonalcoholic steatohepatitis: Se-
lected practical issues in their evaluation and man-
agement. Hepatology 2009; 49: 306—317

Browning JD, Szczepaniak LS, Dobbins R, et al.
Prevalence of hepatic steatosis in an urban popula-
tion in the United States: impact of ethnicity. Hepa-
tology 2004; 40: 1387—1395

Dong H, Wang J, Li C, et al. The phosphatidyletha-
nolamine N-methyltransferase gene V175M single
nucleotide polymorphism confers the susceptibil-
ity to NASH in Japanese population. ] Hepatol 2007:
46: 915—920

Romeo S, Kozlitina J, Xing C, et al. Genetic variation
in PNPLA3 confers susceptibility to nonalcoholic
fatty liver disease. Nat Genet 2008; 40: 1461—1465

Sumida Y, Nakashima T, Yoh T, et al. Serum thiore-
doxin levels as a predictor of steatohepatitis in pa-
tients with nonalcoholic fatty liver disease. ] Hepa-
tol 2003; 38: 32—38

Tkura Y, Ohsawa M, Suekane T, et al. Localization
of oxidized phosphatidylcholine in nonalcoholic
fatty liver disease: impact on disease progression.
Hepatology 2006; 43: 506—514



23)

24)

25)

26)

27)

Key words:

HAFEESE D v ¥ ZHF 2009 : NASH O & G#R

Diehl AM, Li ZP, Lin HZ, et al. Cytokines and the
pathogenesis of non-alcoholic steatohepatitis. Gut
2005; 54: 303—306

Hui JM, Hodge A, Farrell GC, et al. Beyond insulin
resistance in NASH: TNF-alpha or adiponectin?
Hepatology 2004; 40: 46—54

Teli MR, James OF, Burt AD, et al. The natural his-
tory of nonalcoholic fatty liver: a follow-up study.
Hepatology 1995; 22: 1714—1719

Fassio E, Alvarez E, Dominguez N, et al. Natural
history of nonalcoholic steatohepatitis: a longitudi-
nal study of repeat liver biopsies. Hepatology 2004;
40: 820—826

Adams LA, Sanderson S, Lindor KD, et al. The his-
tological course of nonalcoholic fatty liver disease:
a longitudinal study of 103 patients with sequential

28)

29)

30)

3D

61 : 747

" liver biopsies. ] Hepatol 2005; 42; 132—138

Ekstedt M, Franz L. E, Mathiesen U L, et al. Long-
Term Follow-up of Patients With NAFLD and Ele-
vated Liver Enzymes. Hepatology 2006; 44: 865—
873

Shimada M, Hashimoto E, Taniai M, et al. Hepato-
cellular carcinoma in patients with non-alcoholic
steatohepatitis. ] Hepatol 2002; 37: 154—160
Mummadi RR, Kasturi KS, Chennareddygari S, et
al. Effect of bariatric surgery on nonalcoholic fatty
liver disease: systematic review and meta-analysis.
Clin Gastroenterol Hepatol 2008; 6: 1396—1402
Anderson N, Borlak J. Molecular Mechanisms and
therapeutic targets in steatosis and steatohepati-
tis. Pharmacol Rev 2008; 60: 311—357

JSH Consensus Kobe 2009; Diagnosis and Treatment of NASH

Takeshi Okanoue”, Toshiji Saibara®*, Masafumi Ono?,
Yoshio Sumida®, Etsuko Hashimoto?, Shinji Tamura®,
Gotaro Yamada®, Sumio Kawada”, Masatoshi Kudo®

oxidative stress
hepatocellular carcinoma

insulin resistance

D
2)
3)
4)
5)
6)
7
8)

Saiseikai Suita Hospital

Kochi University

Nara City Hospital

Tokyo Women’'s Medical School
Mino City Hospital

Kawasaki Hospital

Yamagata University

Kinki University

*Corresponding author: saibarat@kochi-uac.jp

metabolic syndrome

liver cirrhosis

Kanzo 2009; 50: 741—747

© 2009 The Japan Society of Hepatology

- 642 -



LIVER TRANSPLANTATION 15:806-809, 2009

ORIGINAL ARTICLE

Recurrent Familial Hypobetalipoproteinemia-
Induced Nonalcoholic Faity Liver Disease After
Living Donor Liver Transplantation
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SDepartment of Surgery, Matsuyama Red Cross Hospital, Matsuyama, Japan

Familial hypobetalipoproteinemia (FHBL) is one of the causes of nonalccholic steatohepatitis (NASH) and a codominant
disorder. Patients heterozygous for FHBL may be asymptomatic, although they demonstrate low plasma levels of low-density
lipoprotein (LDL) cholesterol and apolipoprotein B. Here we report a nonobese 54-year-old man with decompensated liver
cirrhosis who underwent living donor liver transplantation with his son as the donor. Low albuminemia and refractory ascites
persisted after transplantation. A biopsy specimen obtained 11 months after liver transplantation revealed severe steatosis and
fibrosis, and recurrent NASH was diagnosed on the basis of pathological findings. Both the patient's and donor's laboratory
tests demonstrated low LDL cholesterol and apolipoprotein levels. Because mutations in messenger RNAs of microsomal
triglyceride transfer protein and apolipoprotein B genes were excluded neither in the recipient nor in the donor, both were
clinically diagnosed as being heterozygous for FHBL. We successtully treated the recipient with heterozygous FHBL-induced
recurrent NASH after liver transplantation using our diet and exercise programs. Liver Transpl 15:806-809, 2009.
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Cryptogenic cirrhosis is one of the most common indi-
cations for liver transplantation. Several possible
causes of cryptogenic cirrhosis have been suggested,
including occult alcohol abuse, occult viral infection,
silent autoimmune hepatitis, and burned-out nonalco-
holic fatty liver disease (NAFLD), and this depends in
part on the vigor of the diagnostic efforts.’ Because a
subgroup of patients with NAFLD can progress to cir-
rhosis,? it is possible that nonalcoholic steatohepatitis
(NASH) may be an important cause of cryptogenic cir-
rhosis and an indication for liver transplantation. How-
ever, NASH has been reported to recur occasionally
among patients with cryptogenic cirrhosis after ortho-
topic liver transplantation.®

Abetalipoproteinemia, a homozygous deficiency of
the microsomal triglyceride transfer protein (MTP) gene,
results in massive hepatic steatosis and liver cirrhosis.*
Familial hypobetalipoproteinemia (FHBL) is classified
as one of the causes of NAFLD, and its frequency in the
heterozygous form has been estimated with clinical cri-
teria to be 1:500 to 1:1000.* Thus, homozygous FHBL
is an exceedingly rare disease but results in extremely
low serum levels. of low-density lipoprotein (LDL) cho-
lesterol and apolipoprotein B similar to those observed
in abetalipoproteinemia. Therefore, children with ho-
mozygous FHBL often have hepatic steatosis and, less
frequently, severe clinical manifestations such as fail-
ure to thrive and intestinal fat malabsorption.® In con-

Abbreviations: y-GTP, gamma-glutamyl transpeptidase; Alb, albumin; ALP, alkaline phosphatase; ALT, alanine aminotransferase;
AST, aspartate aminotransferase; Bx, biopsies; FHBL, familial hypobetalipoproteinemia; HBL, hypobetalipoproteinemia; LDL, low-
density lipoprotein; MTP, microsomal triglyceride transfer protein; NAFLD, nonalcoholic fatty liver disease; NASH, nonalcoholic
steatohepatitis; PCSK9, proprotein convertase subtilisin/kexin type 9; T-Bil, total bilirubin.

Address reprint requests to Noboru Harada, M.D., Departiment of Surgery and Medical Science, Graduate Schoal of Medical Sciences, Kyushu

E-mail: nharada @surg2.med.kyushu-u.ac.jp

DOI 10.1002/1t.21766
Published online in Wiley InterScience (www.interscience.wiley.com).

University, 3-1-1 Maidashi, Higashi-ku, Fukuoka 812-8582, Japan. Telephone: 81-92-642-5466; FAX: 81-92-642-5482;

© 2009 American Association for the Study of Liver Diseases.

- 643 -



RECURRENT FATTY LIVER OF THE GRAFT 807

trast, heterozygous FHBL may be asymptomatic, with
subjects identified by population screening for low se-
rum cholesterol or presenting with clinical manifesta-
tions that require medical attention. Fatty liver disease
with mild elevations of serum liver enzymes is the main
clinical manifestation, but oral fat intolerance and in-
testinal fat malabsorption have occasionally been re-
ported in some patients.*

In this report, we describe a NASH patient with cryp- '

togenic cirthosis who underwent living donor liver
transplantation using a hepatic graft from his son.
NASH recurred unexpectedly after liver transplanta-
tion, and an investigation based on both clinical and
genetic analysis revealed that this patient and his son
were suffering from heterozygous FHBL. This could be
an unusual manifestation in heterozygous FHBL, but
such a case should be taken into account in the treat-
ment of heterozygous FHBL.

CASE REPORT

A 54-year-old thin male was diagnosed with liver dys-
function by a medical examination and admitted to the
local hospital. His height, weight, and body mass index
were 172 cm, 56.8 kg, and 19.2 kg/m?>, respectively.
Laboratory tests revealed elevated aspartate amino-
transferase (AST; 64 U/L), alanine aminotransferase
(ALT; 85 U/L), gamma-glutamyl transpeptidase (y-GTP;
477 1U/L), alkaline phosphatase {(ALP; 505 IU/L}, and
serum glucose (144 mg/dL) levels; a slightly elevated
total bilirubin level (1.6 mg/dL); normal total choles-
terol (136 mg/dL), triglyceride (72 mg/dL), and high-
density lipoprotein cholesterol (65 mg/dL) levels; and a
low platelet count (92,000/pL). He consumed approxi-
mately 350 mL of beer per day between the ages of 20
and 50 years. He had no history of obesity when he was
young. Endoscopic retrograde cholangiopancreatogra-
phy could not confirm the diagnosis. Computerized to-
mography showed a cirrhotic pattern, massive ascites,
and moderate splenomegaly. Viral infections (hepatitis
B virus, hepatitis C virus, and cytomegalovirus), meta-
bolic diseases (Wilson disease, hemochromatosis, and
alpha-1-antitrypsin disease), and cholestatic liver dis-
ease (primary biliary cirthosis and primary sclerosing
cholangitis) were excluded. A pathological examination
of the liver biopsy specimen showed partly degenerative
foci and fatty changes in the distorted lobular areas,
mild-to-moderate chronic inflammatory infiltrated cells
and mild piecemeal necrosis were found in the enlarged
fibrous portal tracts, and occasional hepatocytes con-
taining Mallory bodies were observed. On the basis of
these findings, he was diagnosed with decompensated
cryptogenic cirthosis and refractory ascites, which is an
indication for liver transplantation. NASH was highly
suspected but was not confirmed before the transplan-
tation surgery.

The donor candidate was the patient’s 28-year-old
son, whose blood type was identical to that of his father
(B+). The donor’s height, weight, and body mass index
were 174.5 cm, 100 kg, and 32.8 kg/m?, respectively,
and he had no history of alcohol consumption. Precp-

Figure 1. (A) Donor's liver biopsy. Ten percent of the mac-
rovesicular steatosis was found after a strict diet and exercise
pregram (hematoxylin-eosin stain; original magnification,
X 100). The inset is a high magnification (X400} of the liver
biopsy specimen. (B) Explanted liver pathology (hematoxylin-

eosin stain; original magnification, x100). Mild fatty
changes, chronic inflammatory infiltrated cells, and piecemeal
necrosis were found in the fibrous enlarged portal areas. The
inset is a high magnification (xX400) of the liver biopsy spec-
imen. The arrows indicate Mallory bodies. (C) Liver biopsy at
postoperative day 330 after liver transplantation (hematoxy-
lin-eosin stain; original magnification, X100). Severe mac-
rovesicular steatosis (>50%) was found. The inset is a high
magnification (X 400) of the liver biopsy specimen. The arrows
indicate Mallory bodies. (D)} Liver biopsy at postoperative day
575 afier liver transplantation (hematoxylin-eosin stain; orig-
inal magnification, X 100). There was almost no steatosis. The
inset is a high magnification (X400) of the liver biopsy
specimen.

erative laboratory tests revealed elevated AST (36 U/L),
ALT (61 U/L}, y-GTP (224 IU/L), and ALP (473 IU/L)
levels, a normal total cholesterol level (136 mg/dL), and
a normal triglyceride level (72 mg/dl). Because an ul-
trasound examination revealed a hyperechogenic liver
suggesting significant steatosis, we prescribed a diet
and exercise regimen. The diet® included 1000 kcal of
food, running for approximately 5 km per day, and the
administration of both 400 mg of bezafibrate and 300
mg of ursodeoxycholic acids. After 30 days, his weight
had decreased to 80 kg, and an ultrasound scan
showed improvement of the steatotic liver. We obtained
a liver biopsy specimen, and a pathological examination
(Fig. 1A) showed mild macrovesicular steatosis without
inflammation or fibrosis around the portal area. The
extent of macrovesicular steatosis of the liver biopsy
specimen was less than 10%. We therefore determined
that he could serve as the donor. He volunteered to
donate his left hepatic lobe.

The patient underwent living donor liver transplanta-
tion on July 11, 2005. The graft weight was 380 g,
which accounted for 31.0% of the standard liver volume
of the recipient. Immunosuppression consisted of ta-
crolimus, prednisone, and mycophenolate mofetil, On
the pathological examination of the explanted liver (Fig.
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Figure 2. Postoperative course. L.aboratory test data, includ-
ing serum total bilirubin (T-Bil; thin black line), serum albu-
min {Alb; beld black line), and sernm alanine aminotransfer-
ase (ALT; bold gray line), are shown. Liver biopsies (Bx) were
performed at postoperative days 330 and 575.

1B}, mild fatty changes were seen in the distorted lob-
ular areas. Mild-to-moderate chronic inflammatory
cells and mild piecemeal necrosis were detected in the
fibrous enlarged portal areas, and occasional hepato-
cytes containing Mallory bodies were observed, which
were consistent with the diagnosis of NASH. The early
postoperative course was uneventful except for serum
hyperglycemia (Fig. 2). However, he gradually demon-
strated low albuminemia (2.5 g/dL) and refractory as-
cites (2000 mlL/day). Neither acute cellular rejection
nor acute cholangitis developed, and ascites gradually
decreased. The patient was finally discharged on post-
operative day 57 (Fig. 2).

Eleven months after liver transplantation, he began
experiencing general fatigue and developed steator-
rhea, and he demonstrated moderate liver dysfunction.
He had not consumed any alcohol after liver transplan-
tation. Laboratory tests revealed elevated AST (45 U/L),
ALT (28 U/1), v-GTP (177 1U/L), and ALP (1083 IU/1)
levels and normal total cholesterol (115 mg/dL)} and
triglyceride {65 mg/dL) levels. An examination of the
biopsy specimen (Fig. 1C) revealed typical NASH with
severe macrovesicular steatosis (>50%), Mallory bod-
ies, and fibrosis in the transplanted liver. Moreover,
both the patient's and donor's laboratory tests demon-
strated hypoapolipoproteinemia. The donor’s liver func-
tion tests revealed an almost normal liver.

An analysis of the apolipoprotein composition 11
months after liver transplantation revealed the follow-
ing findings for the recipient: apolipoprotein A-1; 117
(105-184) mg/dL; apolipoprotein A-2, 38 (26-46) mg/
dL; apolipoprotein B, 40 (88-104) mg/dL; apolipopro-
tein C-2, 1.1 (1.2-6.4) mg/dL; apolipoprotein C-3, 4.0
(4.2-14.5) mg/dL; and apolipoprotein E, 2.6 (3.3-5.8)
mg/dL. For the donor, the following was found: apoli-
poprotein A-1, 137 mg/dL; apolipoprotein A-2, 27 mg/
dL; apolipoprotein B, 57 mg/dL; apolipoprotein C-2,
0.1 mg/dL; and apolipoprotein E, 2.0 mg/dL. The LDL
cholesterol levels were 43% for the recipient and 44%

for the donor (44%-69%). Consequently, the recurrence
of FHBL-induced NASH after living donor liver trans-
plantation was noted with the observation of hypoapo-
lipoproteinemia with low LDL cholesterol, steatorrhea,
and severe macrovesicular hepatic steatosis.

The miessenger RNA analysis revealed no mutations
in MTP or apolipoprotein B genes. The patient was on a
strict diet, which included low-fat meals and an exer-
cise program containing 30 minutes of walking per day.
Eight months after the diet was started, his general
condition markedly improved, his laboratory tests re-
vealed normal transaminases and increased albumin
(3.6 mg/dL}, and the ultrasound examination demon-
strated a normal liver without steatosis. His laboratory
tests markedly improved: AST, 21 U/L; ALT, 16 U/L;
v-GTP, 71 IU/L; ALP, 644 IU/L; total cholesterol level,
126 mg/dL; and triglyceride level, 58 mg/dL. Follow-up
liver biopsy on postoperative day 575 showed almost no
signs of steatosis (Fig. 1D).

DISCUSSION

Hypobetalipoproteinemia (HBL) is defined by <5th per-
centile serum lévels of total cholesterol (<150 mg/dL),
LDL cholesterol (<44%)}, or total apolipoprotein B (<50
mg/dL).® The recipient’s data met all these criteria for
HBL in total cholesterol, LDL cholesterol, and total apo-
lipoprotein B, The donor's data met 2 of the criteria,
total cholesterol and LDL cholesterol, although he was
obese. In addition, typical clinical manifestations of
HBL, such as steatorrhea and fatty liver, were observed .
in the recipient. Moreover, the donor’s 3 children dem-
onstrated liver dysfunction. Therefore, the recipient
was clinically diagnosed as having FHBL with autoso-
mal dominant traits. Intestinal fat malabsorption such
as that seen in chronic pancreatitis, severe liver dis-
ease, malnutrition, and hyperthyroidism also may re-
sult in low apolipoprotein and cholesterol levels, and
these are regarded as secondary causes of HBL. In this
patient, secondary HBL was excluded by the preopera-
tive tests.

Abetalipoproteinemia is thought to be due to a variety
of genetic defects in MTP.” In most cases of HBL, the
genetic causes are not known.® The best characterized
cases are due to mutations of the apolipoprotein B
gene, namely missense and flame-shift mutations spec-
ifying the production of truncated protein.® In this pa-
tient, mutations in messenger RNAs of MTP and apoli-
poprotein B genes were excluded, but mutations of the
proprotein convertase subtilisin/kexin type 9 (PCSK9)
gene causing a loss of function of the encoded protein,
a proprotein convertase that regulates the LDL receptor
number in the liver, were not analyzed because PCSK9
mutations do not result in fatty liver disease.!® The
donor has HBL, and he may be at risk to demonstrate
steatohepatitis in the future, although missense, flame-
shift, and deletion mutations in MTP and apolipopro-
tein B genes were excluded. There is no family history of
liver dysfunction without the donor’s 3 children, who
have liver dysfunction and may also be at risk to de-
velop FHBL. No follow-up prospective studies on the
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progression of fatty liver toward more severe chronic
liver diseases such as steatohepatitis, fibrosis, and cir-
rhosis have been conducted in individuals with geno-
typed FHBL. Therefore, liver dysfunction in the recipi-
ent, the donor, and the donor's children will need to be
strictly monitored to identify a potentially progressive
course.

In this case, the recipient was diagnosed preopera-
tively with cryptogenic cirrhosis despite vigorous diag-
nostic efforts. In retrospect, we concluded that he had
burned-out NASH because the explanted liver pathol-
ogy demonstrated inflammation, fibrosis, and Mallory
bodies, which are typical characteristics of NASH. Ad-
ditionally, it has been reported that NASH can recur
after orthotopic liver transplantation.® On the basis of
these findings, we diagnosed severe recurrent NASH
after liver transplantation in this patient with HBL-
induced nonalcoholic fatty liver cirrhosis.

A low-fat diet and exercise program proved to be ef-
fective for this patient. The fat-controlled, nutritionally
adequate diet decreased the macrovesicular steatosis
observed on the pathological examination, but it is not
known how best to achieve improvements in steatosis
of the hepatic graft. Exercise programs have been
shown to be associated with better blood pressure,
blood glucose, and lipid levels.!! Therefore, it has been
suggested that the metabolic calorie expenditure
achieved by exercise might be effective for NASH after
liver transplantation. Although our patient had insulin
resistance, weight control and insulin therapy were ef-
fective in his case. There have been several pilot studies
on pharmacological intervention with pioglitazone,'?
metformin,*® nateglinide,’* and peroxisome prolifera-
tor activated receptor-y'® for NASH. It has been re-
ported that metformin should be considered a method
of treatment for NASH in the transplanted liver if other
treatment methods fail.’® On the other hand, pioglita-
zone has been linked to hepatotoxicity after liver trans-
plantation. Therefore, we will need to carefully choose
the pharmacotherapy for this patient if he manifests
liver injury due to steatohepatitis with hepatic graft
fibrosis.

In conclusion, we have presented a case of severe
recurrent NASH after liver transplantation using the
graft of a related donor who has HBL in an FHBL-
induced NASH patient with liver cirthosis. Because
burned-out NASH without any sign of hepatic steatosis
or ballooned hepatocytes is classified as cryptogenic
cirrhosis, the post-liver transplantation liver biopsy
specimens of patients with cryptogenic cirrhosis should
be carefully assessed for the development of pathologi-
cal features of recurrent NASH and monitored for a
potentially progressive course. In addition, a related

donor who is a candidate for a patient with cryptogenic
liver cirrhosis should be carefully assessed preopera-
tively from the perspective of heterozygous FHBL.
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Proanthocyanidin from Blueberry Leaves Suppresses
Expression of Subgenomic Hepatitis C Virus RNA™
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Hepatitis C virus (HCV) infection is a major cause of chronic
liver disease such as chronic hepatitis, cirrhosis, and hepatocel-
lular carcinoma. While searching for new natural anti-HCV
agents in agricultural products, we found a potent inhibitor of
HCV RNA expression in extracts of blueberry leaves when
examined in an HCV subgenomic replicon cell culture system.
This activity was observed in a methanol extract fraction of blue-
berry leaves and was purified by repeated fractionations in
reversed-phase high-performance liquid chromatography. The
final purified fraction showed a 63-fold increase in specific
activity compared with the initial methanol extracts and was
composed only of carbon, hydrogen, and oxygen. Liquid chro-
matography/mass-ion trap-time of flight analysis and butanol-
HCl hydrolysis analysis of the purified fraction revealed that the
blueberry leaf-derived inhibitor was proanthocyanidin, Fur-
thermore, structural analysis using acid thiolysis indicated that
the mean degree of polymerization of the purified proanthocyani-
din was 7.7, consisting predominantly of epicatechin. Proantho-
cyanidin with a polymerization degree of 8 to 9 showed the greatest
potency at inhibiting the expression of subgenomic HCV RNA.
Purified proanthocyanidin showed dose-dependent inhibition of
expression of the neomycin-resistant gene and the NS-3 protein
gene in the HCV subgenome in replicon cells. While character-
izing the mechanism by which proanthocyanidin inhibited HCV
subgenome expression, we found that heterogeneous nuclear
ribonucleoprotein A2/B1 showed affinity to blueberry leaf-derived
proanthocyanidin and was indispensable for HCV subgenome
expression in replicon cells. These data suggest that proanthocya-
nidin isolated from blueberry leaves may have potential usefulness
as an anti-HCV compound by inhibiting viral replication.

Hepatitis C virus (HCV)? is often associated with the devel-
opment of chronic liver diseases. Infection by HCV causes
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The on-line version of this article (available at http://www jbc.org) contains
supplemental Figs. $1-53.
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chronic hepatitis at high rates and finally results in liver cirrho-
sis and subsequent occurrence of hepatocellular carcinoma
(1-3). The number of people worldwide who are infected by
HCV is estimated to be over 200 million with 2 million infec-
tions in Japan (4). The South Kyushu area of Japan, including
Miyazaki prefecture, has a high prevalence of this virus, and it
is now recognized as a'social problem. There is no vaccine effec-
tive for HCV at present. The elimination of HCV may be
achieved by a combination of pegylated a-interferon and riba-
virin, a broad spectrum antiviral drug (4 - 6). However, virolog-
ical response to this combination therapy has been reported to
be 80% for genotypes 2 and 3, but less than 50% for genotype 1
(7, 8). Moreover, a-interferon is associated with severe side-
effects, including leucopenia, thrombocytopenia, depression,
fatigue, and flu-like symptoms, and ribavirin is associated with
side-effects such as hemolytic anemia (9). Therefore, establish-
ment of a new modality of treatment without serious adverse
effects is still required.

Considering the prolonged period (20 —30 years) required for
development of liver cirrhosis and hepatocellular carcinoma in
individuals infected with HCV, we speculated that progression
of the disease might be influenced by daily diet. Our research
project focuses on the daily use of agricultural products that
could cure or reduce the risk of disease progression by HCV.
Thus, we screened local agricultural products (1700 samples
from 283 species) for their suppressive activity against HCV
subgenome expression using an HCV replicon cell system. We
found a significant suppressive activity in extracts of blueberry
leaves. Blueberries are classified in the genus Vaccinium, and
the species are native only to North America. Blueberry leaves
have high quinic acid and chlorogenic acid contents and also
significant flavonol glycosides such as rutin. Thus, they are high
in antioxidant activity. In our subsequent screening studies
using various kinds of blueberry species, the most potent activ-
ity was observed in the leaf of rabbit-eye blueberry {Vaccinium
virgatum Aiton), which is cultivated in southern areas of Japan.

phy; PDA, photodiode array; EPMA, electron probe micro-analysis; LC/MS-
IT-TOF, liquid chromatography/mass spectrometry-ion trap-time of flight;
APCl, atmospheric pressure chemical ionization; mDP, mean degree of
polymerization; ICs,, concentration required for 50% inhibition; CCsq, con-
centration required for 50% cytotoxicity; elF3, eukaryotic transiation initi-
ation factor 3; CHAPS, 3-[(3-cholamidopropryl)dimethylammonio]-1-pro-
pane sulfonate; IRES, internal ribosome entry site; DIGE, differential gel
electrophoresis.
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In this study, extracts of rabbit-eye blueberry leaves were
used in an effort to purify and identify the compound respon-
sible for inhibition of the expression of subgenomic HCV RNA.
We identified oligomeric proanthocyanidin with mean degree
of polymerization (mDP) around eight as an inhibitor of HCV
subgenome expression, We also analyzed cellular proteins that
have affinity to the oligomeric proanthocyanidin in HCV repli-
con cells and identified heterogeneous nuclear ribonucleopro-
tein (haRNP) A2/B1 as one of candidate proteins involved in
the proanthocyanidin-mediated inhibition of HCV subgenome
expression.

EXPERIMENTAL PROCEDURES

Extraction of Blueberry Leaves—A lyophilized powder made
from leaves of rabbit-eye blueberry (V. virgatum Aiton) was
provided by Unkai Shuzo Co., Ltd. (Miyazaki, Japan). One gram
of the lyophilized powder was extracted with 100 ml of metha-
nol at room temperature with shaking for 15 min, and the
supernatant was passed through filter paper (filter paper No.2,
Toyo, Tokyo, Japan). The methanol extract was then extracted
with 100 ml of chloroform, followed by centrifugation (1750 X
g for 10 min), and the resultant precipitate and supernatant
were collected. The precipitate was dissolved in methanol, con-
centrated in vacuo, and lyophilized (CMW-ppt). The superna-
tant was mixed with 150 ml of distilled water and methanol to
perform a liquid-liquid extraction, and the water layer was
collected and mixed with 150 ml of chloroform to repeat the

- chloroform extraction. The water layer was concentrated
and lyophilized (CMW-W). The chloroform layer was also
concentrated and lyophilized (CMW-C). Most HCV subge-
nome-expression inhibitory activity was recovered in the
CMW-W fraction.

Preparative Fractionation by HPLC—To separate the com-
ponents in the CMW-W fraction processing inhibitory activity
against HCV RNA expression, we performed HPLC (Promi-
nence System, Shimadzu, Kyoto, Japan). Preliminary fraction-
ation of CMW-W to confirm the elution pattern of HCV
expression suppressive components was carried out on a
reversed-phase column (Atlantis dC18, 4.6 mm X 150 mm, 3
wm, Waters, Milford, MA) at 40 °C with UV detection at 254
nm. A gradient consisting of eluant A (0.05% trifluoroacetic
acid) and eluant B (acetonitrile) was applied at a flow rate of 0.7
ml/min as follows: 15-25% B linear from 0 to 12.5 min,
25-100% B linear from 12.5 to 17.5 min followed by washing
100% B from 17.5 to 25 min. For purification, the first HPLC
fractionation was performed on a reversed-phase column
(Atlantis T3, 4.6 mm X 150 mm, 3 um, Waters). A gradient
consisting of eluant A and eluant B (acetonitrile) was applied at
a flow rate of 0.7 ml/min as follows: 30% B from 0 to 7.5 min,
30~100% B linear gradient from 7.5 to 12.5 min, followed by
washing with 100% B from 12.5 to 20 min. The CMW-W frac-
tion dissolved in 30 ml of methanol was injected, and the eluted
fractions (2.1 to 18.0 min, total 26 fractions) were collected. The
gradient program for the second fractionation was 20% B from
0to 7.5 min, 20 -100% B linear from 7.5 to 12.5 min, followed by
washing with 100% B from 12.5 to 20 min. Fractionation of the
eluate was the same as the first HPLC program. In the third
HPLC fractionation, the eluant B was replaced by methanol and
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eluted with 40-65% B linear gradient from 0 to 12.5 min and
65--100% B linear gradient from 12.5 to 17.5 min. Fractions
eluted from 2.2 to 17.5 min (total 26 fractions) were collected.
In all experiments, suppressive activity of each fraction against
HCV RNA expression was measured using replicon cells.

HCYV Replicon Cells and Replicon Assay—The Huh-7/3-1 cell
line carrying an HCV-replicon was used (10). The line was
established from Huh-7 cells by stable transfection with sub-
genomic selectable RNA in which the encoding HCV structural
proteins were replaced by the firefly luciferase gene, the inter-
nal ribosome entry site (IRES) of the Encephalomyocarditis
virus and the neomycin phosphotransferase gene. With this
HCV subgenome, the efficiency of subgenomic HCV expres-
sion could be estimated by measuring luciferase activity in the
replicon cells. The HCV replicon cells were routinely grown in
Dulbecco’s modified Eagle’s medium supplemented with Glu-
tamax (Invitrogen), 10% fetal bovine serum, 1% penicillin/
streptomycin (Invitrogen), and 500 pg/ml G418 (Invitrogen).
Cells were maintained at 37 °C in a humidified atmosphere con-
taining 5% CO,,. For the HCV subgenome expression assay, the
replicon cells in Dulbecco’s modified Eagle’s medium supple-
mented with Glutamax and 5% fetal bovine serum were seeded
in 96-well plates (5000 cells/well) and incubated for 24 h. Then
the cells were cultured with various concentrations of samples
for 72 h. Quantification of the luciferase activity was performed
using the Steady-Glo Luciferase Assay System (Promega, Mad-
ison, WI) according to the manufacturer’s instructions, and the
luminescence was measured by DTX 800 Multimode Detector
(Beckman Coulter, Fullerton, CA). The inhibitory activity was
expressed as the concentration required for 50% inhibition
(ICg). Specific activity was calculated as a reciprocal number of
IC,o (1/ICy,). Total activity was calculated by multiplying
yielded weight by specific activity.

The cytotoxicity of the samples was measured by Cell Count-
ing Kit-8 (Dojindo Molecular Technologies, Kumamoto, Japan)
according to the manufacturer’s instructions. Briefly, 10 ul/well
of Cell Counting Kit-8 reagent was added to the cells cultured in
a 96-well plate, incubated at 37 °C for 60 min. The absorbance
of each well was measured at 450 nm with a reference wave-
length at 650 nm using an Emax Precision microplate reader
(Molecular Devices Inc., Sunnyvale, CA). Cell viability was cal-
culated as relative index of control cells, and effects of samples
on cell viability were expressed as the concentration required
for 50% cytotoxicity (CCg,).

Constitutive Analysis of Electron Probe Micro-analysis and
Liguid Chromatography/Mass Spectrometry-ion Trap-time of
Flight (LC/MS-IT-TOF)—For electron probe micro-analysis
(EPMA-1600, Shimadzu), the excitation voltage and the beam
current were kept at 15 kV and at 100 nA, respectively. The
diameter of the electron beam was 50 um, and the sample was
processed for carbon shadowing in advance.

Identification of the anti-HCV compound purified from
blueberry leaves was done by HPLC-MSn fragmentation anal-
yses. An HPLC System (Prominence System, Shimadzu) on a
reversed-phase column (Atlantis T3, 2.1-mm inner diameter X
100 mm, 3 pwm, Waters) was equipped with a photodiode array
(PDA) detector scanning from 200 to 800 nm and mass spec-
trometry-ion " trap-time of flight (MS-IT-TOF, Shimadzu)
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detector. The mobile phase consisted of a gradient system 30
min of eluant A (0.05% trifluoroacetic acid) and eluant B (ace-
tonitrile) at a flow rate of 0.25 ml/min. The elution program was
10~25% B linear from 0 to 7.5 min, 25-100% B linear from 7.5
to 12.5 min, followed by washing 100% B from 12.5 to 20 min.
The column was maintained at 40 °C. Electrospray ionization
conditions were recorded from m/z = 200 to 1500 in a negative
ionization mode. Other MS conditions were as follows: inter-
face voltage, —3.5 or —3.0 kV; nebulizer N, gas, 1.5 or 2.0 liters/
min; drying N, pressure, 200 or 70 kPa, respectively. Heat block
temperature and curved desolvation line temperature were
both 200 °C. Analytical conditions were recorded from m1/z 250
to 1500 in a negative ionization mode. Atmospheric pressure
chemical ionization (APCI) probe temperature was set from
250 to 450 °C. '

Analysis of Proanthocyanidin—Proanthocyanidins were
characterized by a modified method of Porter et al. (11, 12), in
which they were degraded to anthocyanidins by heating under
acidic conditions. Briefly, 200 ul of purified compound from
blueberry leaves (0.1-2.5 mg/ml) was mixed with 750 wl of
n-butanol/HCI (95:5) and 50 ul of 1% of NH, Fe(SO,),"12H,0
dissolved in 2 M HCL The mixture was vortexed and heated in
an oven at 105 °C for 40 min, and cooled in flowing water. Opti-
cal densities of the treated solution were recorded at 540 nm by
spectrophotometer (UV-1700, Shimadzu). Procyanidin B2
(Sigma-Aldrich) was used as a standard. The hydrolysates gen-
erated by the modified Porter method were also analyzed using
LC/MS-IT-TOF as described above. The elution program was
10—40% B linear from 0 to 15 min followed by washing 100% B
from 15 to 22.5 min. Electrospray ionization conditions were
recorded from m/z 200 to 1500 in a positive ionization mode.
Interface voltage and nebulizer N, were-4.5 kV and 1.5 L/min,
respectively. MS/MS conditions were set to auto system and
recorded from m/z 50 to 1000. The parent MS was searched
from m/z 200 to 1500, and ion accumulation was 30 ms. The
data were analyzed by LCMS solution v3.41 software and For-
mula Predictor Software (Shimadzu).

Thiolysis Analysis—Thiolysis was performed by a previously
described method (13, 14) with some modifications. Briefly, 50
pl of purified samples (2 mg/ml in methanol) was mixed with 50
! of methanol acidified with HCl (3.3%) and 100 ul of benzyl
mercaptan (5% in methanol). The reaction was carried out at
50 °C for 30 min and then kept at ambient temperature for 3 h.
Pure catechin or epicatechin solution (1.25 mg/ml in methanol)
(Funakoshi, Tokyo, Japan) was also thiolyzed to obtain the epi-
merization rate to calculate the ratio of catechin and epicat-
echin in the terminal units, The reaction mixture was diluted
5-fold with methanol and analyzed by reverse-phase HPLC. An
Atlantis T3 column (4.6 mm X 150 mm, 3 uwm, Waters) was
used at 40 °C as described above. UV detection was performed
at 280 nm. The gradient program was 15-25% B linear from 0 to
10 min, 25-100% B linear from 10 to 30 min, followed by wash-
ing 100% B from 30 to 37.5 min and re-equilibration of the
column 37.5 to 45 min under initial gradient conditions. To
ascertain the elution pattern of thiolysis media and to estimate
unknown peaks, LC/MS-IT-TOF was also employed in a nega-
tive ion mode. Flavan-3-ols and their benzylthio adducts
obtained by thiolysis media of procyanidin B2 were used as a
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standard. The mDP was calculated by the formula, mDP =
{sum of (benzylthio adducts X n) + sum of (free flavan-3-ol X
n)}/[total free flavan-3-ol], in which “n” is DP of detected flavan-
3-ol by thiolysis.

Preparation of Proanthocyanidin from Blueberry Leaves—To
prepare proanthocyanidin from blueberry leaves, freeze-dried
powder (100 g) was extracted with 1.2 liters of acetone for 10
min, and the supernatant was decanted. This procedure was
repeated five times to remove the green pigment from the
leaves, followed by washing in 1.2 liters of hexane for 30 min.
The remaining residues were washed with ethyl acetate. The
washed powder of leaves was extracted with 1.2 liters of meth-
anol for 30 min, and the supernatant was filtered. This proce-
dure was repeated four times, and the resulting crude methanol
extracts were concentrated by rotary evaporator at 50 °C and
lyophilized, finally resulting in ~30 g of solid powder. The
crude methanol extract (15 g) was then dissolved in 1.0 liter of
60% methanol and placed on a Sephadex LH-20 column (50
mm X 920 mm, Amersham Biosciences). Fractionation was
performed using the following series of solvents: fraction I, 9.0
liters of 60% methanol (retrieved weight: 10.2 g); fraction II, 9.0
liters of 100% methanol (retrieved weight: 3.3 g); fraction III,
9.0 liters of 70% (v/v) acetone (retrieved weight: 1.3 g). The
LC/MS-IT-TOF analyses of each fraction indicated that frac-
tion I was primarily composed of quinic acid, chlorogenic acid,
and flavonol glycosides such as rutin. Fraction II consisted of
proanthocyanidin oligomers from tetramer to decamer as ana-
lyzed by thiolysis. Fraction 111 consisted of proanthocyanidin
polymers that were decamers or greater. In each fraction, the
eluate was divided into 28 subfractions/liter.

Northern Blot Analysis—Total RNAs from cultured replicon
cells were prepared using RNeasy mini kits (Qiagen). RNAs
were denatured at 65 °C for 15 min, cooled on ice, and then
separated by 1% agarose-formaldehyde gel electrophoresis (2
wmgflane) and transferred to a positively charged nylon mem-
brane (Hybond-N*, Amersham Biosciences). The membrane
was hybridized with a biotinized probe of the neomycin phos-
photransferase gene. For detection of the bound probe, mem-
branes were incubated with streptavidin-Alexa Fluor 680 con-
jugate (Invitrogen), and the bound fluorescence was detected
by Odyssey Infrared Imaging System (LI-COR Biosciences). For
internal control, B-actin mRNA-specific biotinized antisense
RNA probe was used.

Western Blot Analysis—Cultured replicon cells were har-
vested, and total cellular proteins were extracted with Cel-
Lytic-M (Sigma-Aldrich) containing 1% protease inhibitor
mixture (Sigma-Aldrich). The samples were separated by SDS-
PAGE using 10% gel under reducing conditions. The proteins
were transferred electrophoretically to an Immobilon-P mem-
brane (Millipore, Bedford, MA).

The membrane was treated with a blocking buffer for near
infrared fluorescent Western blotting (Rockland, Gilbertsville,
PA). Primary antibodies used were anti-human hnRNP A2/B1,
hnRNP K, hnRNP L, and hnRNP Q and anti-human B-actin
antibodies (EF-67, D-6, A-11, 18E4, and I-19, respectively,
Santa Cruz Biotechnology, Santa Cruz, CA), anti-human
eukaryotic translation initiation factor 3 (elF3) F, eIF3G elF3H
polyclonal antibodies (Novus Biologicals, Littleton, CO), and
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anti-HCV NS-3 polyclonal antibody (10). The labeled proteins
were visualized with Alexa Fluor 680 anti-rabbit or anti-mouse
IgG (Invitrogen) or IRDye™ 800CW anti-goat IgG (LI-COR
Biosciences) and detected by using as Odyssey Infrared Imaging
System.

Affinity Purification of Proanthocyanidin-binding Proteins—
Purified blueberry leaf-derived proanthocyanidin or catechin
was coupled with epoxy-activated Sepharose 6B (Amersham
Biosciences) according to the manufacturer’s instructions.
Approximately 5 X 10® HCV replicon cells were extracted with
lysis buffer (50 mM sodium phosphate (pH 7.5), 1% CHAPS, 5
mM EDTA, 150 mm NaCl, and protease inhibitor mixture
(Complete™, Roche Diagnostics, Mannheim, Germany)). The
total protein extract (90 mg) was added to the coupled Sepha-
rose beads (3 ml) and incubated at 4 °C overnight with gentle
rotation. The beads were centrifuged (500 X g) for 1 min, and
the pellet was washed six times with the lysis buffer. The
absorbed proteins were eluted by incubation in 2% SDS with 50
mM dithiothreitol at 100 °C for 10 min. The eluate was concen-
trated with an Amicon Ultra-4 Ultracel-5k (Millipore), and the
solvent was replaced by the lysis buffer. Protein concentration
was determined by the o-phthalaldehyde method using bovine
serum albumin as the standard.

Fluorescent Two-dimensional DIGE—Fluorescent two-di-
mensional-DIGE was performed using fluorescent dyes, IC3-
OSu and IC5-OSu (Dojindo Molecular Technologies), with a
modification of the methods reported elsewhere (15, 16).
Briefly, 10 ug of proteins per gel were precipitated using a two-
dimensional clean-up kit (Bio-Rad) and then dissolved in 20 ul
of sample buffer (10 mm sodium phosphate (pH 8.0), 7 M urea, 2
M thiourea, 3% CHAPS, and 1% Triton X-100). After addition of
400 pmol of IC3-OSu or IC5-OSu, proteins were incubated at
40 °C for 30 min. The labeling reaction was quenched by incu-
bation with 400 pM lysine for 15 min, followed by addition of an
equal volume of the sample buffer with 150 mum dithiothreitol,
0.4% Bio-Lyte 3—10 (Bio-Rad Laboratories), and 0.004% brom-
phenol blue. Two-dimensional gel electrophoresis was per-
formed according to the manufacturer’s instructions (Bio-Rad).
The mixed samples were applied to ReadyStrip IPG strips (pH
3-10 NL, 7 cm, Bio-Rad) for separation in the first dimension.
The second-dimensional separation was performed by SDS-
PAGE using an 8% gel. Fluorescence imaging was performed on
a Proxpress™ proteomic imaging system (PerkinElmer Life
Sciences). IC3-OSu-labeled proteins were detected with 540/25
nm excitation and 590/35 nm emission filters, IC5-OSu-labeled
proteins were detected with 625/35 nm excitation and 680/30
nm emission filters. In this study, while proteins from proan-
thocyanidin- or catechin-coupled Sepharose were labeled with
IC5-0O8y, a mixture of equal quantities of both samples was
labeled with IC3-OSu and used as a reference for quantitation
of IC5-OSu-labeled proteins as described (16). The fluorescent
images were aligned using SameSpot TT900 S2S (Nonlinear
Dynamics, Newcastle, UK) and then analyzed with Progenesis
Discovery software (Nonlinear Dynamics). Each group (eluate
from proanthocyanidin- or catechin-coupled Sepharose) was
run on triplicate gels three times. Spot intensity in the IC5-OSu
image was normalized to the intensity of the corresponding
IC3-OSu image spot in the same gel. The average spot intensi-
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ties = standard deviation (S.D.) from nine gels were calculated.
Statistical differences were determined by Student's £ test, and p
values <<0.05 were considered significant. The proteins having
high affinity to proanthocyanidin but not to catechin were
detected using a 1.5-fold change (p < 0.05) as the cut off.

Protein Identification—Protein identification by peptide
mass fingerprinting was performed as described previously
(17). Briefly, 100 ug of proteins was separated by two-dimen-
sional-DIGE gels and stained with Coomassie Brilliant Blue
R-250. Protein spots of interest were excised from the gel and
digested overnight with trypsin. Each peptide extract was
deposited onto a thin layer of a-cyano-4-hydroxycinnamic acid
(Bruker Daltonics, Bremen, Germany) and allowed to adsorb
for 5 min, after which the layers were washed twice with 0.1%
trifluoroacetic acid. Spectra were obtained using matrix-as-
sisted laser desorption/ionization-TOF-TOF-MS, Autoflex II
TOF/TOF (Bruker Daltonics) in positive-ion and reflectron
mode. The data set was entered in an in-house Mascot search
engine (Matrix Science, London, UK), to find the closest match
with known proteins registered in the data base from the
Swiss-Prot.

Knockdown of Proanthocyanidin-binding Proteins Using
§iRNAs—ON-TARGETplus SMARTpools of duplex siRNAs
targeting hnRNP L, hnRNP K, hnRNP A2/B1, hnRNP A/B,
hnRNP Q, elF3F, elF3G, elF3H, and non-targeting control
siRNA were purchased from Dharmacon (Thermo Fisher Sci-
entific, Tokyo, Japan). Individual sequence of hnRNP A2/B1
siRNAs was confirmed by two single siRNAs (Target #09:
5'-CGGUGGAAAUUUCGGACCA-3', Target #11: 5'-GGA-
GAGUAGUUGAGCCAAA-3'). The replicon cells were trans-
fected with each siRNA using Lipofectamine RNAiMAX rea-
gent (Invitrogen) according to the manufacturer’s protocol.
After 72 h incubation, the cells were assayed.

RESULTS

Purification of an Inhibitor of HCV Subgenome Expression
Jrom Blueberry Leaves—W e screened 283 species of local agri-
cultural products for their suppressive activity against the
expression of subgenomic HCV RNA using an HCV replicon
cell system, and found significant suppressive activity in the
‘leaves of the blueberry (Vaccinium virgatum Aiton), peels of
roots of Taro (Colocasia esculenta L.), and hulls of seeds of
Japanese plum (Prunus mume Sieb. et Zucc). Among them,
extracts of blueberry leaves contained the highest total activi-
ties, Therefore, we purified a compound from blueberry leaves
that inhibited expression of subgenomic HCV RNA in replicon
cells. An overall purification scheme is shown in Fig. 1, and a
summary of the purification steps is shown in Table 1. From
1000 mg of lyophilized powder from the leaves, 440 mg of
methanol extracts was obtained. The IC,, value of the metha-
nol extracts was 5.47 pug/ml. The inhibitory activity was recov-
ered in the CMW-W fraction (284.2 mg), in which the IC,,
value was 1.74 pg/ml. The specific activity of CMW-W was
3-fold greater than that of the initial methanol extracts and the
yield of the activity exceeded 200%, suggesting that an interfer-
ing substance had been removed. '

The CMW-W fraction was subjected to a subsequent HPLC
purification step in which a preliminary HPLC elution pattern

A EVEN

VOLUME 284+-NUMBER 32-AUGUST 7, 2009

- 650 -



Blueberry leaves (Freeze-dried powder; 1.0 g)

Extraction with methanol

Methanol extracts (440 mg)

[IC50:5.47 ]
ld— Addition of chloroform
Precipitate Supernatant
(CMW-ppt : 63.7 mg) Addition of water and methanol
Chloroform extraction twice
Chloroform layer Water layer
(CMW-C : 56.3 mg) (CMW-W : 284.2 mg)
[1C50:>3.0] [IC50: 1.74]

HPLC 1st fractionation
(L.C1: 140.2 mg)

HPLC 2nd fractionation
(LC2 :24.6 mg)

HPLC 3rd fractionation
(LC3 :29mg)

[ IC50: 0.087 ]
FIGURE 1. Fractionation of blueberry leaf extract for the inhibitor of HCV

subgenome expression. The inhibitory activity was indicated under each
fraction as the ICg, value (micrograms/mi).

TABLE 1

Purification of HCV subgenome expression inhibitory activity in
blueberry leaf

Subgenome . .
Total . Specific Purification  Total .
weight expfzssxon, activity factor activity Yield
50

mg ug/mi 1/ICg mg/ICgq %
MeOH extract  440.0 547 0.i8 1.00 80.44 160
Water layer 284.2 174 0.57 3.14 163.33 203,05
LC1st 140.2 0.89 112 6.15 157.53 195.84
LC2nd 24.6 0.54 1.85 10.13 4556 56,63
LC 3rd 29 0.087 11.49 62.87 33,33 4144

(a 15—100% gradient of acetonitrile) was used. The data indi-
cated that a strong inhibitory activity eluted around 90% of
acetonitrile (17 min) with some minor inhibitory activities
broadly eluted earlier. Those resuits suggested the possible
existence of multiple HCV subgenome expression inhibitors in
the CMW-W fraction (Fig. 24). To purify the most active com-
ponent, we initially separated the CMW-W isocratic at 30%
acetonitrile and collected the active fraction eluted at 3.3-5.2
min (Fig. 2B). After repeated collection, we obtained 140.2 mg
of active fraction (LC1) from 440 mg of methanol extracts. The
IC,, value of this fraction for HCV RNA expression was 0.89
wg/ml, yielding a specific activity 6-fold higher than that of the
initial methanol extracts (Table 1). In the second round HPLC
(Fig. 2C), we fractioned LC1 as follows: 20% acetonitrile from 0
to 7.5 min, followed by 20 -100% linear gradient of acetonitrile
from 7.5 to 12.5 min. A highly active fraction was eluted from
11.9 to 13.2 min and collected (LC2), yielding 24.6 mg with
an IC;, value 0.54 pug/ml (Table 1). In the third HPLC step
(Fig. 2D), we applied LC2 and eluted with 40 — 65% methanol
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instead of acetonitrile. The active fraction was eluted from
3.2 to 6.2 min and collected (L.C3), finally yielding 2.9 mg of
solid material with a dark flesh color. The IC,, value for HCV
RNA expression of LC3 was 0.087 pg/ml, with a 63-fold
increase in specific activity relative to the initial methanol
extracts (Table 1). We also checked the cytotoxic effect on
replicon cells. The CCg, value of the cytotoxicity of LC3 was
18.5 pg/ml, and the selective index, which was calculated by
dividing CCgq by IC,,, was 212.6, showing a 16.5-fold higher
selective index value compared with initial methanol
extracts (Fig. 3).

The Inhibitor of HCV Subgenome Expression Is Proantho-
cyanidin—To analyze the constituent elements in the purified
fraction LC3, EPMA was performed. This analysis indicated
that the fraction is composed of carbon and oxygen, but not
nitrogen (data not shown). In addition, trace amounts of cal-
cium, sodium, potassium, and aluminum, which appeared to be
contaminating elements, were also identified. Next, LC3 was
analyzed by LC/MS-IT-TOF. Preliminary trials showed that
analysis required the use of an APCI probe at 450°C, and no
signal was obtained at 250 °C. The mass spectrum data showed
five peaks (Fig. 4), and [M-H] ™ at m/z 401.0494 and 689.1135
were considered to be trifluoroacetic acid adducts of m/z
287.0553 and 575.1196, respectively. From these spectra, the
parent mass of this compound appeared to be [M-H] ™ at m/z
575.1196, which was estimated to be C;4H,,0,, (error = 0.17
ppm), an A-type dimer of procyanidin. Given the fact that strict
conditions (APCI probe temperature at 450 °C) were required
to ionize the compound, it appeared that the isolate consisted of
one or more polymers of procyanidin.

We next analyzed the purified LC3 fraction by butanol-HCl
hydrolysis (Porter method) (11, 12). The reacted solution
turned a red color, which is in accordance with the color of
anthocyanidin generated by heating of procyanidin/proantho-
cyanidin under acidic condition. Using procyanidin B2 as a
standard, the procyanidin content in the LC3 fraction was
86.33%. The hydrolysis solution was analyzed by LC/MS-IT-
TOF. The main peak (retention time = 7.3 min) of the PDA
chromatogram at 540 nm was observed at the same position as
that of the cyanidin standard (Fig. 54). Indeed, MS/MS spectra
of this peak were identical to those of the cyanidin standard
(Fig. 5B). These results revealed that the HCV RNA replication
inhibitory compound present in the LC3 fraction from blue-
berry leaves was procyanidin. Because the hydrolysate of this
compound also contained a trace amount of delphinidin (Fig.
54, arrow), this compound was considered to be proanthocya-
nidin rather than procyanidin,

Structural Analysis of the Inhibitory Proanthocyanidin by
Thiolysis—T o analyze the terminal and extension units and also
define mDP of proanthocyanidin in the purified LC3 fraction of
blueberry leaves, we combined thiolysis (13) with reversed-
phase HPLC. When thiolysis products of purified proanthocya-
nidin in the LC3 fraction were analyzed in reversed-phase
HPLC, several peaks (A—H) were identified (Fig. 6). The peaks
A, C, and H were considered to be catechin, epicatechin, and
benzylmercaptan, respectively, according to the retention time
of each standard preparation. Other peaks were confirmed by
analyzing mass spectra. The parent mass of peak E was [M-H]™
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FIGURE 2. HPLC chromatogram and HCV subgenome expression-inhibitor activity. Replicon assays were
performed using three different concentrations (1%, 5%, and 10%) of each eluted fraction and are indicated as
luciferase activity. The elution conditions are indicated under “Experimental Procedures”. A, preliminary HPLC
chromatogram and suppressive activities against HCV subgenome expression in replicon cells. The applied
sample was eluted with a 15-100% gradient of acetonitrile. B, first preparative fractionation (LC Ist fraction-
ation). CMW-W fraction was applied, and the eluate was collected from 2.1 min to 18 min (445 ul/fraction, total
26 fractions). Fractions with significant inhibitory activity, eluted from 3.3 to 5.2 min, were collected. C, second
preparative fractionation (LC 2nd fractionation). The collected sample from the first LC fractionation was sub-
sequently separated by HPLC, and fractions with significant inhibitory activity eluted from 11.9 to 13.2 min
were collected. D, third preparative fractionation (LC 3rd fractionation). Sample collected in the second LC
fractionation was further separated by HPLC, and fractions with significant inhibitory activity, eluted from 3.2
to 6.2 min, were collected.

MS/MS was 124.0382, which was
in accordance with a benzylthio
adduct. Thus, peak E appeared to be
catechin or epicatechin benzyl-
thioether. Because the retention
time of epicatechin benzylthioether
was the same as that of peak E, we
considered peak E to be epicat-
echin benzylthioether. The paren-
tal mass of peak G was [M-H] ™ at
m/z 697.1385 (predicted formula:
C,,H3,0,,9), and its MS/MS was
[M-H]™ at m/z 573.0987. Again, the
difference was 124.0398 and likely
represented the benzylthio adduct.
Thus, peak G was estimated to be a
benzylthicether of A-type dimer
consisting of catechin and/or epi-
catechin. Peak B was detected as
parent MS [M-H] ™ at m/z 863.1822
with a predicted formula C,;H;,0,4
(error = —0.86 ppm). Because the
formula of B-type procyanidin tri-
mer is C,sHg,0, 4 and that of A-type
is C45H3,0,5, this peak was likely a
trimer in which A-type and B-type
interflavan bonds coexisted. Peak D
was suggested to be an A-B type tri-
mer similar to peak B but with a
benzylthio adduct. The parental
mass of peak F was [M-H]™ at m/z
605.1449, and its MS/MS was
[M-H]™ at m/z 481.1109, so that a
benzylthio adduct was also present
in peak F. However, we could not
obtain the predicted formula of the
parental mass of peak F. The struc-
tural analysis of the HCV inhibitor
proanthocyanidin from blueberry
leaves (fraction LC3) is summarized
in Table 2. The mDP of proantho-
cyanidin in this fraction was esti-
mated to be 7.7. Because the pre-
dicted formula of peak F was
undefined, peak F is indicated as
“unknown” in Table 2.

Role of Polymerized Structure of
Proanthocyanidin in the Inhibition
of HCV Subgenome Expression—Be-
cause the purified HCV expression-
inhibitory proanthocyanidin  of
blueberry leaf was oligomer with
mDP 7.7, we asked whether the
polymerization was required for
inhibitory activity. First, the inhibi-

at m/z 411.0892, with an estimated formula of C,,H,,0S tory activities of monomers such as catechin, epicatechin, and
(error = —3.8 ppm), and its MS/MS spectrum was [M-H] ™ at  epigallocatechin-gallate, all of which were constituents of pro-
m/z 287.0510. The difference between the parental mass and anthocyanidin, and also of the dimer (procyanidin B2) were
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tested by HCV replicon assay. These monomers and the dimer
of procyanidin lacked inhibitory activity (Table 3).

We then determined how the degree of polymerization of
proanthocyanidin affected the inhibition. The crude fraction of
proanthocyanidins was obtained by the extraction of three low
polarity solvents (acetone-hexane-ethyl acetate) as described
under “Experimental Procedures.” The IC;, of HCV RNA
expression of this proanthocyanidin-enriched fraction was 3.20
ug/ml, showing greater activity than the crude methanol
extract. After fractionation on a Sephadex LH-20 column, each
eluant was analyzed by LC/MS-IT-TOF and thiolysis to deter-
mine the components and mDP of proanthocyanidin (supple-
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FIGURE 3. Dose-dependent effects of biueberry-derived samples on sub-
genomic HCV RNA-expression inhibition and viability of replicon cells.
A, dose-dependent effects of methanol extracts of blueberry leaves. Concen-
trations of the sample from 0.112-2200 pg/ml were tested. ICs, for HCV
expression and CC,, for cytotoxicity were 5.47 pg/mi and 70.61 ug/mi,
respectively, and the selective index was 12.9. 8, dose-dependent effects of
purified sample (LC 3rd fractionation). Concentrations of the sample from
0.01 to 50 pg/ml were tested. The IC;, values for HCV subgenome expres-
sion and cytotoxicity were 0.087 pg/mi and 18.50 ug/ml, respectively, and
the selective index was 212.6.
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mental Fig. S1). Then, the blueberry leaf-derived proanthocya-
nidins with different mDP were assessed for HCV inhibitory
activity. The inhibitory activity of blueberry leaf proanthocya-
nidin was clearly dependent on the polymerization level, and
the peak activity was observed at a polymerization level of ~8 to
9 (ICs4: 0.05 ug/ml) (Fig. 7).

Effect of Purified Blueberry Proanthocyanidin on the Expres-
sion of NS3 HCV Protein in Replicon Cells—In our system, HCV
RNA expression in replicon cells was expressed as luciferase
activity. Thus, the observed inhibitory activity may have
resulted from nonspecific inhibition of luciferase by proantho-
cyanidin. Therefore, we examined the effect of the purified pro-
anthocyanidin (fraction LC3) on the expression levels of the
neomycin-resistant gene and the NS3 protein gene, both of
which were encoded in the HCV subgenome of replicon cells.
The purified blueberry proanthocyanidin suppressed the
expression of the neomycin-resistant gene and also the levels of
NS3 protein in a concentration-dependent manner, indicating
that the proanthocyanidin purified from blueberryleaves in fact
suppressed the expression of HCV subgenome in the replicon
cells (Fig. 8).

hnRNP A2/B1, Which Has Affinity to Proanthocyanidin, Is
Indispensable for Expression of Subgenomic HCV RNA—To
investigate the molecular mechanism underlying the suppres-
sion of HCV RNA expression by proanthocyanidin, we compre-
hensively identified proteins having affinity to the purified pro-
anthocyanidin from blueberry leaves. The protein extract from
replicon cells was treated with proanthocyanidin-coupled
Sepharose, and then the adsorbed proteins were eluted. The
extract was also treated with Sepharose beads coupled to cate-
chin, a structural unit of proanthocyanidin, but HCV subge-
nome-expression inhibitory activity was not observed (Table
3). The proteins having higher affinity to proanthocyanidin
than catechin were detected with fluorescent two-dimensional-
DIGE (Fig. 9). In the eluate from proanthocyanidin-coupled
Sepharose, intensities of 32 spots were increased compared
with those from catechin-coupled Sepharose. Twenty-seven
spots were cut from Coomassie-stained gels and subjected to
peptide mass fingerprinting using MS, and we successfully
identified proteins derived from 25 spots (Nos. 1 to 25 in Fig. 94
and Table 4). Although other possible candidate spots were also
suggested in a rectangular portion (Fig. 94), they were not sub-
jected to protein identification due to insufficient separation.

From the list of identified proteins (Table 4), most could be

categorized into two groups. The
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FIGURE 4. APCl MS spectra of the LC3 fraction. The total-ion chromatogram of the LC3 fraction was further
analyzed by APCI MS. Peaks of m/z 401.0494 and m/z 689.1135 were considered to be trifluoroacetic acid
adducts of m/z 287.0553 and m/z 575.1196, respectively. Parental MS of this compound was estimated at m/z

first group consisted of subunits of
eukaryotic translation initiation fac-
tor 3 (elF3). They included eIF3A
(spot Nos. 1, 5, and 9), elF3F (No.
10), eIF3G (No. 12), eIF3H (No. 4),
and eIFBM (No. 13). Although
eIF3A was identified from multiple
protein spots (Nos. 1, 5, and 9), this
may be due to post-translational
modification and protein process-
ing. The second group of proteins
consisted of hnRNPs such as
hnRNP A/B (No. 19), hnRNP A2/B1
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(No. 8), hnRNP K (Nos. 17 and 22),
hnRNP L (Nos. 11, 15, and 21), and
hnRNP Q (Nos. 2, 6, and 7) also
known as NS1-associated protein 1.
Importantly, elF3 has been reported
to bind directly to the HCV internal
ribosome entry site (IRES), leading
to translation initiation of viral pro-
teins (18). Moreover, all hnRNPs
identified have been reported to be
associated with HCV genomic RNA
such as IRES and non-translated
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FIGURE 5. PDA chromatogram and MS/MS spectra of the hydrolysate of the purified fraction by
the Porter method. A, PDA chromatogram at 540 nm of hydrolysate of purified fraction from blueberry
leaves. The main peak (arrowhead; retention time = 7.3 min} is located at the same position as the cyanidin
standard. Other peaks were estimated to be methoxylated cyanidins from MS and MS/MS spectra. The
arrow indicates the position of delphinidin. 8, MS/MS spectra (positive ion mode) of hydrolysate of cya-
niding standard (upper panel; parent MS at 287.0550) and the purified peak in A (lower panel; parent MS at

287.0555).
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FIGURE 6. HPLC chromatogram at 280 nm of thiolysis products of LC3
fraction from blueberry leaves. Peaks A, C, and H were identified as cat-
echin, epicatechin, and benzylmercaptan, respectively. Peak E was identi-
fied as epicatechin benzylthioether. Peaks B and D were estimated to be
procyanidin trimer with coexistence of A-type and B-type linkages and its
benzylthioether, respectively. Peak G was procyanidin A-type dimer. Peak
F was not identified.
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using two kinds of single siRNA
(Fig. 10). Weak suppressive activi-
ties were also suggested by siRNAs
targeting other hnRNPs such as
hnRNP A/B, K, and L (supplemental
Fig. S2).

DISCUSSION

The HCV infection is a major cause of chronic liver disease,
which eventually results in end-stage liver diseases such as cir-
rhosis and hepatocellular carcinoma. A crude extract from rab-
bit-eye blueberry (V. virgatum Aiton) leaves exhibited signifi-
cant inhibitory activity against HCV RNA expression when
analyzed in HCV subgenomic replicon cells. In this study, we
attempted to purify a compound that suppresses HCV subge-
nome expression from the blueberry leaves. The final purified
product was identified as proanthocyanidin, and it was effective
at concentrations that are two orders of magnitude below the
toxic threshold in replicon cells. The mDP of the proanthocya-
nidin in purified anti-HCV expression fraction was 7.7 with a
high proportion of epicatechin as the monomeric components.
Subsequent analysis indicated that the blueberry leaf-derived
proanthocyanidin with a degree of polymerization of ~8-9
shows the highest inhibitory activity. Finally, the purified pro-
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TABLE 2
Thiolysis results of purified fraction (LC3) from blueberry leaves

Extension

Terminal

C* EC’ AB-3° Total C* EC’ A-2¢ Unknown AB-3° Total
%

100 08 581 119 232 60 100

mDP

LCc3 77
* Catechin.
b Epicatechin,
¢ Trimer consisting of both A-type and B-type interflavan bonds.
4 A-type dimer.

204 651 145

TABLE 3

Effects of constitutional units of proanthocyanidin on expression of
HCV subgenome in replicon cells

Subgenome

DP or . Cytotoxicity, Ratio,
Compounds mDP expfgsssomn, CCsy CCeo/ICsp
ng/ml ng/ml

Catechin 1 16.18 1004 6.2
Epicatechin 1 27.32 113.8 4.2
Epigallocatechin-gallate 1 14.61 41.68 2.9
Procyanidin B2* 2 >25.0 >25.0 -
Purified proanthocyanidin from 7.7 0.087 185 212.0

blueberry leaf (LC3 fraction)
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FIGURE 7. Scatter plot of mDP and specific activity of subgenomic HCV
RNA-expression inhibition. The mDP was estimated by thiolysis of each
fraction. The specific activity was calculated from IC,, value of each fraction.

anthocyanidin from blueberry leaf extracts suppressed the
expression of the neomycin phosphotransferase gene and the
NS-3 protein gene in HCV subgenome replicon cells in a dose-
dependent manner. These data suggest the potential value of
blueberry leaf proanthocyanidin for the treatment of HCV
infection,

Proanthocyanidin is a polyphenol that shows polymerization
of more than two units of flavan-3-ol such as catechin and epi-
catechin (supplemental Fig. S3). There are two interflavan
bonds in proanthocyanidin, in which the B-type has one linkage
of interflavan bond (C4 — C8 or C4 — C6) and the A-type has
two linkages of bonds (C4 — C8 and O7 — C2) (27). Proantho-
cyanidins were previously known as condensed tannin and are
present in various plants and foods. They contribute to organ-
oleptic properties such as stability, astringency, and bitterness
(28, 29). There are a number of foods and nutritional supple-
ments that contain proanthocyanidins with health-promoting
benefits, and their value has been described in the literature and
patent documents. For example, proanthocyanidin contained
in blueberries increases the lifespan of the nematode (Caenorh-
abditis elegans) (30). Sangre de Grado extracted from Croton
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FIGURE 8. Suppressive effects of purified blueberry leaf proanthocyani-
din (LC3 fraction) on the expression of the neomycin resistant gene and
NS-3 protein in replicon cells. A, Northern blot analysis of the neomycin-
resistant gene expression (Neo) in the presence of 0 ug/ml {control) to 3.3
rg/mi proanthocyanidin in a 3-fold dilution series. The expression of B-actin
mRNA is also indicated as a normalization control. B, Western blot analysis of
the expression of NS-3 protein (NS3) in the presence of 0 ug/ml (control) to 10
pg/ml proanthocyanidin in a 3-fold dilution series. The B-actin protein levels
are also shown as a normalization control.

lechleri resin is a traditional natural medicine in the upper
Amazon and contains hydrolyzing flavonoids, proanthocyani-
dins, and other polyphenols (31, 32), which have been shown to
possess anti-viral activities against influenza, parainfluenza,
herpes simplex viruses, and respiratory syncytial virus (33-38).
However, to the best of our knowledge, this report is the first
study to demonstrate that proanthocyanidin inhibits the
expression of subgenomic HCV RNA.

Regarding the mechanism underlying the anti-viral activi-
ties, proanthocyanidins from Croton lechleri resin and prodel-
phinidin B-2 3'-O-gallate from green tea leaf inhibit herpes
simplex viruses infection by preventing the attachment and
penetration of the virus into the target cells (37, 39). Recently,
the grapefruit flavonoid naringenin was reported to inhibit apo-
lipoprotein B-dependent HCV secretion (40). However, in this
study, we evaluated the inhibitory effect on HCV subgenome
expression by measuring luciferase activity in replicon cells
without using actual viral particles. Therefore, the mode of
anti-HCV action of proanthocyanidin is different from that in
herpes simplex viruses infection mentioned above and is also
different from the inhibitory mechanism of naringenin.
Instead, our study suggests that blueberry leaf-derived proan-
thocyanidin may interact with hnRNP A2/B1, a factor required
for HCV subgenome expression in our replicon assay. In
accordance with this observation, recent study has shown that
hnRNP Al, a protein highly homologous to hnRNP A2/B1,
facilitates HCV replication, and the double knockdown of
hnRNP Al and hnRNP A2 significantly suppresses replication
(23). Alternatively, proanthocyanidin may bind to the transla-
tional initiation complex associated with HCV IRES and
thereby suppresses the HCV subgenome expression, because a
number of translational regulatory proteins are included in our
list of proanthocyanidin-binding proteins. To date, for the
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