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Impact of Hepatitis B Virus Integration Into Liver Tissue

on the Efficacy of Peginterferon and Ribavirin Therapy
in Hepatitis B Virus-negative Chronic Hepatitis C Patients
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Backgroond: Integration of hepatits B virus (HBVY DNA into host
hepatic DINA i found in patients without HBY surlace anugen
(HBsAp) We imvestigated the prevalence of HBV integravon and
#s assoctation with the outcome of peginieseron (PEG-IFNT und
vibavivin combination therapy i MBsAg-negative chronic hepatitg
o patients.
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Resalts: HBY miepration was whentified in 84 o the 137 (34.4%)
patients. There were no sigaificant dilfercnces between palients
with and without HBV b stz vt pegard to basehoe char
seterishies including liver histology, pretreatment HOV RINA Jevals,
and gosetic polymorphizms near the /4288 gene. In patiznts with
HOV genotgpe 1h (n = 91 o more Taverable viral response was
ohserved inpotients wish HBY integranon daring therapy. with
figher raws af rapid and complete carly virologie response. The
rafe of sustained virologic respornsy (SVR) was siprificantly higher
in paniernts with BV mtepration thay those without (£ = Q.0098),
Mudivarbie wudyais dentified MBY integration and (L2858 paly-
morplisms ss indepeadent Factors assoctaled with SVRL

Conclusions: HBV integralion was assocuaed with favorable vira
onses and i higher SVR rate 10 combinstion therapy with
PEG-TFN and obivinn i patents mfectad with HEOV gepotype U
Further stucies o] be sequired 1o confirsr this issociuion and
chucidare st upderiving mechiunisms.
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he current standard annviral therapy for patients with

chronie hepatits € consists of combination thevapy
with peginmerferon (PEG-IFN) and  ribavirin!  Many
investigators have wenlified bascline factors predicting the
treatment outeome of PREG-IFN and ribavirin comhinution
therapy i patients infected with hepatitis O vivas (HOV)
These inchiude vival factors such as HOV genotype and virgd
inad, amino acid substitutions of the HOV NSSA region
finterferon sensitivity-determining region) and amine acid
substitution of the HOV core region, and host factors such
as hepatic steadosis and genetie polymarphisms near the
JL25 B gene (sl 60 or rsE09991 7,

Presence of hepatitis B viras (HB‘») may aflect the
clindcal course of chronic bepatitis C? and increase the risk
of hepatocarcinogenesis® even in the absence of eirculuting
HBY surfuce antigen (HBsAg). Forthermore, several stud-
s have investipated the association between HBYV infe-
gration into Rver {issue DNA and hepatocellular carcinoms
(HCCY in 1 BsAg-negative and serum HBV-DNA-negative
patients with chronic HCV infection ™ However. ilie effect
of HBY integration o the efficacy of PEG-ITFN and rib-
avivin antiviral therapy for eradicating HOV has no been
evalnated. 1o thiy present study, we attempted 10 dasily
whether HBV iotegration uffects the efficacy of PEG-TF
and ribuvirin combination therapy in HBsAg-negative
patients with chronic HOV infection.

MATERIALS AND METHODS

Patients

A total of 165 HBsAg-negative patients mfecied with
HOV and with pretreatment IOV RNA levels 3 5.0 oy
TU L, based on a quantitative real-tume polymerase ch
reaction (PCR) hased method. ™ underwent combination
antiviral therapy with PEG-IFN and ribavirin between
April 20035 and March 2007, Among these patients, 157
putients  underwent  ultrasoond-goided  fine-needle  liver
biopsy | 1o 2 months before the start of the therapy, and
tver tigsue for DNA analysis was availuble. These 157
patients made up the study pepulaton. This study did not
include any {’:Hitnl‘i with a pretreatment HOV RNA level
< 5 0}og IWiml beeause the use of ribavirin along with
PEG-TFN 18 not allowed by Japavese Nuhonal Medics!
Insurance System for patients \mh pretreatment HOV
RNA levels < 5 0Tog, IU/mi None of the patients had «
Iistory of mravenous drug use, tatiooing, or acupuncture.
All patients were negative for serun HBY DNA and HIV
anuhﬁd;en, None had » story of aeute hepatitis B

The study pratocol conformed ta the ethics guidelines
in the Declaration of Helsinki. Ali patients provided writien
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informed consent Tor anaiysis of biopsy specimens. and the
hospitai’s Institntionad Review Bouard .!p"x(()'ﬂud the study,

Antiviral Combination Therapy and the
Definition of Viral Response

All patients received weekly PEG-IFMN 2-2b (Pegin-
fron. MSD. Co. Tokyo. Japuny and daily rnibavinin
{Rebetol, MSD. Cou. The doses of PEG-TFM «2b and
ribavirin were adjusted based on body weight. Panents
weighing <45 ke were given 60 pg of PRG-TFN «-2b oncea
week. those weighing > 43 and =z atkg were given 80ug.
those weighing = 60 and < T5ke were given 100 g, those
welghing > 75 and <90 kg were given 12002 and those
ghing »9 kg were given Iﬁ(};xg Patients  weighing
<60 kg were given 60mg of obavinn per duy. those
\mghmg >0 and = 80 kg were given 00 mg per day. and
those weighing > %0 kg were given 1000 mg per day, Dose
modifications of PEG-1FN oy ribavirin were based oo the
manufucturer’s recommendations. All patients with HOV
senatype 1 were scheduled to undergo 48 weeks of treat-
ment and ail patients with HCV genolype 2 were scheduied
1w undergo 24 weeks of reatment. In sume patients with
HCV genotype 1 whose serum HOV RNA remained pos-
flive far 24 weeks alter starting therapy, treatment was
discontinuged before 48 weeks because they had a low like-
lihood of achicving a sustained virologe response (SVR).

With regard to the trestment outeome, SVR was
defined as undetectable serum HOV RNA ut 24 weeks ale
the end of therapy. A putient was considered to huve
refpsed when serum HOV RNA levels became defectubie
helween the eod of treatment and 24 weeks after compicting
the treatnient, despite undetectable serum HOV RNA fevels
during and at the end of therupy., A nonresponse was
defined as detectable serum HOV RNA 29 weeks alter
bemnming therapy (e, null response or purtial nonresponse
according to the \mcy%um Association for the Study of
Liver Disenses guidelines’). With regard 1o viral rcspon&:c
during thevapy. patients were considered (0 have a rapid
virologic response (RVR) i they had unde 'C‘.(dhib LeTUIn
HOV KNA 4 weeks after starting therapy. An early viro-
fm_u. response (EVR) was defined as the disupprarance or
ecrense i serum HOV RNA levels by ai feast 2oggy 12
weeks after starting therapy. Patients were considered 0
have a complete EVRI the serum HOV RNA fevels were
undetectiahie 12 weeks afier stanting therapy and a partiai
EVR, if the serum HOV RNA Jevels were detectable bu
hud decreased by al Jeast 2logyq, 12 weeks aller beginning
therapy. A non- EVR was defined us a lack of decrease by
> 2logie ul 12 weeks us compared with pretreatment levels,

Sample Preparation for the Analysis of HBV
Integration into Liver Tissue

DINA was extracied from liver tssues obtained by hvey
hiopsy with a QIAwxmp DNA mim kit {Qiagen, Hilden
Germany} according (o the manvlacturer’s instructions.
Genomic DNA was stored at 47C and carelully handied to
avold contumination with nueleic acids. The anmplilied
viral-hiost junctions were purified with an Qizguick G
extraction kit (Qiugen) and sequenced using a Prism Tag
DveDeoxy Terminator Cyele sequencing kit (Applied Bio-
svstems, Foster Carishad, CA) according 1o the nuay-
fcturer’s instroctions. Products were precipitated  with
ethanol and analveed with o 313031 DNA sequencer
{Appiied Biosystems).

74 1 www jcge.com

Detection of Viral-Host Junctions

A PCR-buscd technique (Alu-PCR)Y was employed
gsing spectiic primers (o uman Alu sequences and o HBY
seguences, 1o me;euny amphily  virsl-host junctions as
described previously.” Briefly, HBY DNA was umplified [rom
100 g of the extracted DNA I 4 ot volume of ml in the
presence of 10pM of epch primer and 25U of recombinant
Tag Fag) polhvmerase (Toyoba, Osaks, Japan). PCR was
performed in a DINA thermal cyeler (Perkin Elmer Cetus.
Nopwalk, CTY with 35 eveles of denaturation at 94°C for 30
seconds, anmeniing st S5°C for 30 seconds, extension at 72°C
for | minute, an initial d‘.mtur\mon At W for 2 minues, and
a frl extension at 72°C for 10 suoues. Primers for Alu
repedts were ¥ /\(3[.(:(( AAGLGUUUGCUGACGCCA
SGGAULDALY sense) amdt SCAUUAACCC
GCCUCGALAGALY RYRCCAYUGCAC-Y
u:ntmn.»h dnd Tag seguence of Y-CAAGTCGTITGCTG
ACGCCAAAGHY ensel and F-ATTAACCCTCACTAA
AGCCTCG-Y Gantisensel.' Sample prepuration and mix-
ing were artied out in a different roem from the one in
which the amplified samples were haodled, and o filter
pipetie was used {or all steps. Results were considered as
valied onlv i the smme resulls were obruined 1o oaf feast 2
sepurate oxperiments. The amplified viral-hosl junctions
were deterviined by direct sequencng. !0

Direct Sequencing

The amplified viral-host junctions were purified with
an Easy Trap kit (Takara. Osu. Jupan) and sequenced
using i Prism Tuyg DyeDeoxy Terminator cycle sequencing
kit {Applied Biosystems). according 1o the manafacturer’s
fstractions. Products were precipitated with othanol and
analyzed with a 377 Prism DNA Sequencer {Applied Bio-
systemsh. To jdentily the HBVY infegralion site. we used
BLASYT (hup/iwwwnebioinenh.gov/BLAST) o com-
pare sequences gdjacent 1o the integrated HBY DNA with
the husman genome.

Other Serological and Virological Tests for HBV
and HCV

HBxAg and HBVY core antibody (HBeAb) were
micasured with ’\RCH[TF{'T HBsAg QT und unti-HBe
tAbbott Japan, Tokyo, Japan) Seram HBV DNA was
measured by a quanmala\\. PCR azsay (COBAS Ampli-
Prep, COBAS TaugMan HBV Test version 20; Reche
Mualkecnbir Systems. Pleasanton, CA, lower Hmit of guan-
tificanon: 2.1 ogn copiesiml, lower Jimit of detection:
20log, copie HOV go um\pu was determunedd by
PUR with genotype-specife primers.! > 1HCV RNA con-
centration was measured with a yoantitative PCR assay
(COBAS ’\nm]if’mp’('ﬁﬂ AS "qu’\emn HCV Test: Roche
Muoleeudar Swstems. lower limit of guantilication: I(n}r:w'm
1Ll tower Emit of detection: 1 2 logys 10U mLY. %

Analysis of Genetic Polymorphisms near the
{L28B Gene

Genotyping of polvmorphisms near the JL28A gene
(re3N9R9 7)Y was performed using the TagMan SNP assay
{Applicd  Brosystenss) wecording 1o the manulacturer’s
puidelines. A predesigned and functionally tested probe was
nsed lor rs80U9917 (C__T1710096_10, Applied Biosystems).
The genetic polymorphisms of 58099917 mruxpmld lu
thase of rs12979860 more than 99% in Japanese ethnicity. ™
TT rs8099917 genotype correaponds 1o CC rsi279860
senotype, GG rsB099917 genotype corresponds to TT
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PEG-IFN/RBY for HCV and HBY Integration

rs 1279860 genotype, and TG rsRO99917 heterozygote cor-
responds Lo CT 1279860 heterozygole.

Statistical Analyses
Diata are expressed as means £ 8D Differences in the

proporton of punients with and witheut HBV integration
were analyzed using the 7 test, Differences in guantitative
were snalyzed using the Muann-Whitney {7 test.
inate and multvariate analyses using a Jogistic
regression model were perfonned (o identify factors that
prodict a SVR. including age. ses, body weight, serum
alaine aminotransferase actvity, serum aspartaie 4mino-
transforase activity. serum y-glutamyl transpeptidase levels,
serum alkaline phosphatase values, serum albumin levels,
total serwm bilivubin values, white bload cell counts,
hemozlobin, platelet counts. hepatits activity grade (A0
and AL vs. A2 and A3 diver fibrosis grade (FO and FI s,
F2and F3y pretreatment HCV RNA levels, genctic paly-
morphism of ysR09991 7 neir the JL288 gene (TT vs. TG or
GOGY, and HBY integration inte the Bver tissue (positive v
neglivel. We firg ;ulonm_d anivarkite analyses for mah
factor if they were wssocited with SVRL Aler thar, mulu-

fiale analyses were performed including only Tictors that
were associated with SYR by univaria '8
statistical solisvare package, versi .
Cary. NCY way used for all statistical analyses. Al P values
were derived from 2-tatled tests, and £ < 0.05 was congid-
ered 1o mdicale a statistical significance.

RESULTS

integration of Hepatitis B Viral Genome and
Patient Characteristics

The sensitivity af PCR amplification was first deter-
mined with cells from the hepatonta cell ine Hub-2. When
we made o 10-fold serial dilwtion of Huh-2 cells with nor-
mal human PBMC from patients without a history of liver
disease, we coalid detect viral-host junctions al appros-
imately 100 copies per PCR.

The clinical characteristics of the study patients ace
mnmmrimi i‘T “‘ahln L. 'i"h‘rc WEre ”( men .md /‘l Women

was lb in 91 pdhum (‘«8 }%) :"i i '\O mmm\ (xl}«‘n!.
und 2b in 16 putients (10.2%). No patients were jnfected
with HCV genotype 1a because this genotype is vsually not

found in the Jupunese general pepulation. Thirly-lwo
patients had a histery of bleod truusfusion. Nowne of the
patients had @ history of intravenons drug use, Lattooing, or
acnpuncture. All patients were negative for serum HBY
DNA and HIV andbodies. None had a history of aeute
hepatitis B or un mtmc‘c of cxposure 1o HBV. HBcAb was
posilive with law titer in 26.8% of patients. With regard
trealment ouleomie. 82 patients {56.1%) achieved SVR, 41
patients (27.7%) experienved relupse, and the remaining 24
patients (16.2%) uptriuxud nonresponse. The rates of
SVR were 42.7% (38/89) in patients with HOV genotype 1b
and 76.3% (45593 m patients with HOV genolype 2 (20 or
2h). When v 1ost IINA junctions from fiver tssue were
amplified, several bands were deterted. Sequencing these
PCR products revealed HBVY indegration in 54 of the 137
(34 4%] patients, HBV integrution was detected in 34 1%
(2191 io patients with HOV genatype b wnd 34.8% (23:
66) i patients with HCV genotype 20 In 4 of these 34
patients, multiple integration sites were present. HBY
imegration sites vaned (Supplementai Digital Content.
Tuble 5. hitps/dinks lww com/ JCGARDL

Integration of Hepatitis B Viral Genome and
Response to Antiviral Therapy in Patients
Infected With HCV Genotype 1b

HBY integration was delected in 3] of 91 patients
(34.1%) infected with HCV genotype (b, Baseline climeal
characteristics were compared belween patients with und
without HBY ifategration in Table 20 no signilicant ditfer-
ences were pbserved, except for the percentage of patients
who were positive for HBeAb. The virologic response 4 and
12 weeks after starting thevapy and treafment ouleome e

FABLE 1. Bascline Characteristics of All Study Patients (n=157)

Aye (v)

Sex fmalke female
Budy weight (k)
Histary of transfuston

Alunine aminosrunsferase 11Uy
Aspariute unmmmm& wse (UL
egluanred tanspepli

i

i {I(
1 phr*mhuuc HULL
i (godlg

} eltrubin tmgadloy
White tlood cell count Gl
Humoglobin (g4l

Plateler vount {x 108l
Lover hastology  activity (A0
Liver histology il
HB\ Lol dxmnml

HC v %nohpc i
Genctic ;1&»3\(1)9(;"‘:1\!13& near e JLIEH sene (VT7TG or GO
freatment owcoms (SYRerekipse/nonresponse)t

G HZ{ 431581 ("&1 7]
AR5 i
20
516 = 465
487 & 389

26301

£
.9 2 6B

USR0S0 (31816 (10.2]
99 {78027 (21.4)
33 (56041 (277724 (16.2)

Peie cwoare showi by parenthoses,
*Genede polvimorpls
§NIne pasterisy withudr

v from the freatment.

pene polymarghiins neay the AL280 gone were noi evaluared i 3 patenss,

HBY indicates hepaitts B virus, HOV. hepattis € viros: NRL w0 response: SVRL susiained virologic response,
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TABLE 2. Baseline Characteristics According to HBV Integration tatus in Patients Infected With HCV Genotype b

HBY lntepration (+)
a = 31

HBY Integration ()
0= o) 7

Age (v)

Sex (male; fomale)

Body weight (kg)

Alanine aminotransferase (1L
Aspitriate aminoiras e (1
y-ghutoy] transpeptidase (L)
f\liu\lim phwplmm.\'t [$1BEF 0]

[mml buhruhm {mpidL}
White bloed cell coum (pld
Hemoglohm (g/dL)
Platelet couns (> i}‘pr)
Liver histology  activity
Liver hisiniogy ~{ibrosis {
HBY core antibody (n
Pretretment HUV RNA concentration
{legg HimLy
Genetie polymorphisms s the [L2NB
gene (TT. TG or GGY?

;1?1 ~~UE)“€

238534 (14 34 70

(3.8602
3.5127
04339
0.

01425
11,3374
G.1533
. ?sn(\’i

o & . >

ok

1

&=

3314 (29.2)

¢ showin m patentheses
s phism RUSMWI1T, G R
HEBY indicates hepants B siras: HOV hepan

waphers wedr e JLIH gune were oo sseasured o S palends,

shown in Table 3. The percentage of patients who achieved
RVR 4 weeks after starting therapy was 20.0% in patients
with HBY ntegration and 3,1% in patients without HBV
integravon (P = 0L0274). In addition, the percemtage of
patients with > 3logy, IW/mL reduction in HOV RNA Jevels.

4 weeks after sturting therapy from pretrestment fovels
{including these achieving R\"R}. was significanty higher in
patients with HBY integration thun in those withow HBV
integration (63.3% vs. W Po= 00129 The percentage of

e

palients who shoawved complete EVR 12 woeeks aller starting

therapy was sigmfieantdy higher among those with HBY
integration  than  those without it {63.3% wi. 33.6%:

P= (L0129). 1o contrast. the percentage of putients who did

nal achieve EVR was significantly lower in patienis with HBV
integraiion than in those without (0% v 20.3%,: P = (LOO7N
With regard (o tresiment onicome, 63.3% of patients with
BV integration and 32.2% of patients without HBY inle-
gration achieved SVR. The SVR rate was significantly higher
in palienis with HBV integration (# = 9.0050),

integration of Hepatitis B Viral Genome and
Response to Antiviral Therapy in Patjients
Infected With HCV Genotype 2

In 66 patients infected with HCV genolype 20 HBV
integration was detected i1 23 putients (34.8%). No signifi-
cant  differences  were ohserved e baseline  clinical

TABLE 3. Virclogic Response to Combination Therapy According ta HEY Integration Status in Patients Infected With HCV Cenotype 1b

HBY lntegration (+}
n =3

HBY Integration (-)

n=5

At 4 werks

Rapid \irc&!i)gic vesponse (RVYR)
Reduction 2 3logy, TUmL
Reduction aflw’ w JUmL and
Beduction 2 | oz, 1WmL sind <
Reduedon = 1 log 1L mL

< Mags Wanl
oy, U ml.

At 12 weeks

Complete sarly virologic response (EVRS
Panial carly virelogic response (pEVR)
Noneardy virologic response {nen-EVR}

Finial nuteumes
Sustained visrologie response (SVR)
Relapse

Bonresponse (partal vesponse or null response)

6420040

[KEEEN]
8260
2 (6.7

REER]]
18 430.5)
{1 {15.6)
16 (27.3

1433 1{i8.6)
(63,3 1) (35.6)
1136.7) 2h 144

u 12¢20.3)

132
B (30,5
ITEGTN

P paifents withdrew rom e wesmen,
Percen s are shown in paseniheses,
HBY indicates hepatitis #§ viras HOW. bepatis O viras
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TABLE 4. Unjvariate and Multivariate Analyses for Factors Associated With Sustained Virclogic Response to Peginterferon and Ribavirin
Combination Therapy

Univariate Multivariate Odds Ratio (95%
Analysis Analysis Coafidence luterval)
Age (y) B5.1192 —
5 Temale] n.830%
G.0183
Alagine aminotranslerase (i 09133 -
Aspartate amiaotranslerase (1U7L 0.7943 o
y-glutamyl transpeplidase (U ) 4.3337
Alkaline pimm]m\,m (L 0.6409
Adbumin (gidL) 0.0629
Tutsl pirubin (mgzdl) G127
Whate blond cell count (7l 0.6354
Hemogiobin (g/dl) 0.5243
Platcler count = 10%kL) 0.0020 U690 (14251233131
Liver Jistology-—aelivity (A1 {11653

Liver histolo ibrosis (FO- (4.0323 0.2373 05300 (0.1728-1.3770)

HBV core anthody (neg 1 10Y0
Pretreatment HOYV BNA coneeniretion 1083
tu}’_ﬁm [JENIN
HOV genotype (1b:2u or 2 11006 00003 56013 (2.2712-14.906)
Cenetic polymorphisny near the JL25H gene 0408 077 IRO13(1.312312.166)
{UT7TG o GG)
HBY integration intn liver tasue DNA [EXITY HEE A2 (103 1-6.6576)

{pasitive/nicgative)

HBV meicates hepatitis B virugs HUV, hepaniis C vitus,

characterisucs between patients with and withouwt HBV  Univariate and Multivariate Analyses for Factors
integration. excepl far the percentage of patients who were  Associated With SVR

positive Tor  HBeAb  (Supplemental  Digital Content, Linivariate and mulivacale analyses were performed
Table 2, hiypzlinksiww.com/ JCG/ASO). We found no to identily fuctars that affect SVR (Table 43, Univariate
significant differences in the rates of RVR (£ = (.0531). analysis identified pretreatment platelet counts. the degree
complete VR (P = 0.6245), and SVR (P = 0.6297) of liver fibrosis, HCV genotype. genetic pulymuorphisms
between pationts with and without HBV integration in  pear the 1285 gene, and the integration of HRV into the
putients infected with HCV genotype 2 (Supplemental  Jiver tissue as factors associated with SVR. Amang these
Digital Content, Table 3. httpe/ inks ww.com/JCG/ASD) factors. pretreatment platelet counls. HCV gcgutype.

TABLE 5. Univarfate and Multivariate Analyses for Factars Assaciated With Sustained Virologic Response to Peginterderon and Ribavirin
Combination Therapy in Patients Infected With HCV Genotype 10

Univariate Multivariate Odds Ratio (95%
Analysis Anulysis Confidence Interval}

Age (v
S Onuide Temale)

Body weight (k) ¢.9129
Ahmine apunetransferase (1U/1) G.8az22
Aspariate aminotrawslerase (1L71) 04072
wlutaray! ranspeptidase (1LY U :1\41; .....
Alkuline phosphatase (1LY . e
Adburmn (L0730 —
Total bitirabin (mpidl) (.397% —
White blood cell courd (nl) 9265
Hemoglabin {(g-dl) (1.4359 .
Plateiet count { » m 3 0. 16004 o
Liver hisiodn <At 433 e
{1, NM 89 e

Laver histodogy
HBV core antibody (negulivespositive)

Prevreatment HOV RINA concentration (ogy: 1Umld o
Genetic potymarphisis near the JLI8 M gene (T f( 3 or GG 00199 GU3NY 93142 (1.6307-17642)
HEBV integration mo hver Lissue DINA (positiverneg 0.0064 9.0320 845 (11207943

HBVY indicaes hepatitis B vivus MOV, hepasitis ¢ virus,
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genelic polymorphistus near the /L2588 gene, and 1he inte-
gration of HBY o hver tissue were identified as inde-
pendent Getors associated with SYR by mudtivariate analysis.

When focusing on patients infected with HCV geno-
type tb (Table 5) amvariate wuadysis identified genetic
poivmorphisms near the FL288 gene and the imtegration of
HBYV into liver tissue as (ctors associated with SVR. These
2 factors were identificd as independeny fuctors assoctsted
with SYR by muiltivanute amilysis,

DISCUSSION

In the present study. we detected HBY integration into
the liver tissue in 34.4% of HBsAg-negative chrome hep-
atitis O patients. In 3 previous studies of HOV-related
HOC, the rates of HBY inmegration in tumor bssue ra
{rom 55.6% (10 of 18 cases? (o 29.4% (10 of 34 cases
% (0 ¢ cases).t In cases of HBY integration info the
HCC tumor tissue, clonat expansion of hepatocytes usso-
viat ’-‘d with the growth of HOC may acenunt for diserep-
ancies in the rates of HBV miegraton across studies. In
mmm\t. clonal expanston ol hepatocyies is unlikely in
cases of inlegration \nm the liver tissue of patients with
chronic knm«;s1~ C. The prevalence of HBV integration
prtie t: with chronie hepatitis C in ooy previoos study was
231957 which is compurable to the results [rom this study,
Altliough no patienis had a history of definile exposure 1o
HBY. putients with HOV infoecton might have been at
higher risk of HBY exposure than those withoul HOV
infection, hecause both HOV and MBY are transfusion-
transmissible virnses and the possible routes of trans-
mission are shnilir,

In the present study, HBY inlcgration sites were dis-
wibuted goross the zenome, und the host sequences adjucent
to the viral genome were divergent. HBV DNA has been
reported o inegrate randomly nto the host DNA in cuses
of HBV-rehied HCC'™ ¥ This random manner of HBY
integration also appears i HBsAg-negative patients with
chrenie HOV infection.

Among pationts afected with HCV genotype 1h,
higher pereentage of patients with HBV niegration had a
favorable viral response at 4 and 12 weeks of therapy and
achicved SVR s tresdiment entcome. In addition, by mul-
Hvaritte gnalysis. HBY micgration was an independent
factor assoctatad with SVR as well us genctic poly-
marphisms vear the JL2E gene. the strongest {actor
asseoated  with outeomes of PEG-IFN and  ribavirin
wmimmnml thersipy m paticats mifected with HOV gene-
type 12 The mechanism underlying the favorable wml
responses i pationts wilh the detecton of HBV integrition
o the liver tssue s unknown. In case of HBsAg-positive
HCC. in which HBY imegration iy dotected in approx-
smately 90% of patients. 6.2 integration could potentialiy
cause the developmoent of HOC in some patients by inte-
grating adjacen to tumor- cisted  genes - i the
present study. HBY inlegration sites were adjacent to 3
patentisl IF >< related  gencs: JRES. TNFRSFIOAT
SYNIT REPS! and SCAREL (Supplemental Digiral
Content, Table [ htips dinksdww.condJCGIAROY. These
HBV inlcgmtix.m& pught have played a role in the viral
response during | LG-H hased  antiviral combination
therapy. Morcover, X-region of 1BV that was conlained in
integritted HBY genome by al) cases might have alfected the
viral response. “hecause  this part has extensive  irans-
activaling uctivity. However, such mechanisms have not
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been clurified. In addition. HBV inegration sites in the
nuijerily of patients were not related to IFN-related genes.
and other mechanisms will undoubitedly eatst. These spec-
ulations are, therefore. far rom satisfactory to explain the
favarable res povse ta antiviral thmap) in patients with
HBY integration. Further studics will be neoded 10 eluck-
date the significance of HBYV integration near [FN-relate
goenes and to reveal underlying mechanisms.

i conirust 1o patents infected with HOV genstype Ih,
no differences in virgl response to combination antiviral
therapy were found between HOV genotype 2-infected
patients with and without HBV integration. except for a
higher tendency of RVR rate. Given thut the propoertion of
patients achieving RVR, complete EVR, and SVR were
very high, HBYV integration into liver tissue appears Lo huve
little impact on the response 1o antiviral therapy (o patients
with HOV genotype 2.

There are several imitations of this study. The detection
of HBV integration with PCR using Alu repeats may limil
the identification of HBV-X sequence  integrition  sifes
that are far away from the priming site. thereby, restricung
the sensitivily of the assay as the apiplicon size increnses.
In addition. detection of HBV mtegration only using the
X geng-specilic primers mikes it impossible to identify inte
gration sites with other virnd gene seguences, Further, the
integrated HBY genoane can limit or entirely snegate the
HBV-X primer-binding site asHBV sequences may be defeted
upon infegraton. The Alu-PCR method used in the present
study, therefore, may underestimate the integration of
HBY m patients with chronic HCV infection. In adeition.
it wis not clarified whether the inegrated HBV {ragment
fuad potential transcriptional and transiational function or
truncated nonfunction {ragment. The evaluations of the
translated proteins in lver tissue will be needed for the can-
fiemation. Fimaily, the sample size of study paticnis was nof
Jurge enough to tead the solid conclusion on the effect of
HRY integration on the response (o the andiviral combination
therupy with PEG-TF™N and ribavirin for HOV infection.

In swnmary, HBV intearation was detected in 34 of
the 137 patiends with chronic bepaitis O Integrated sites
wore disuibuted across the genome. HBVY infegration was
oviated with favorahle viral responses to combination
therapy with PEG-IFN and ribavirin, incloding the treat-
ment eutcorne i patients with HCOV genotype The Although
the underiying mechanisms are unclear, the resulis of tus
observational study will eneourage the investigation on the
significance of HBV integration in the manugoment of
HCV-infected  HBsAg-negative patients. Further studies
with larger study populations and methads more sensilive
and reliable thun Alu-POR for the detection of HBY inte-
pration are needed to eluadate the association between
HBY integration and response (o combination therapy n
patients with chronic hepatitis €.
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Effect of nucleos(t)ide analogue therapy on hepatocarcinogenesis
in chronic hepatitis B patients: A propensity score analysis
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Background & Aims: Some patients with chronic hepatitis B
virus (HBV) infection progress to hepatocellular carcinoma
(HCC). However, the long-term effect of nucleos(t)ide analogue
(NA) therapy on progression to HCC is unclear.

Methods: Therefore, we compared chronic hepatitis B patients
who received NA therapy to those who did not, using a propen-
sity analysis.

Results: Of 785 consecutive HBV carriers between 1998 and
2008, 117 patients who received NA therapy and 117 patients
who did not, were selected by eligibility criteria and propensity
score matching. Factors associated with the development of
HCC were analyzed. In the follow-up period, HCC developed in
57 of 234 patients (24.4%). Factors significantly associated with
the incidence of HCC, as determined by Cox proportional hazards
models, include higher age (hazard ratio, 4.36 [95% confidence
‘interval, 1.33-14.29], p=0.015), NA treatment (0.28 [0.13-
0.62], p=0.002), basal core promoter (BCP) mutations (12.74
[1.74-93.11], p = 0.012), high HBV core-related antigen (HBcrAg)
(2.77 [1.07-7.17], p = 0.036), and high gamma glutamyl transpep-
tidase levels (2.76 [1.49-5.12], p = 0.001).

Conclusions: NA therapy reduced the risk of HCC compared with
untreated controls. Higher serum levels of HBcrAg and BCP muta-
tions are associated with progression to HCC, independent of NA
therapy.

© 2012 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.

Introduction

An estimated 350 million individuals worldwide are chronically
infected with hepatitis B virus (HBV), of whom 1 million die

Keywords: HBcrAg; BCP; Gamma-GTP; Average integration value; HBV DNA.
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Abbreviations: HCC, hepatocellular carcinoma; HBV, hepatitis B virus; NA, nucle-
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annually from HBV-related liver disease [1]. Chronic HBV infec-
tion is recognized as a major risk factor for the development of
hepatocellular carcinoma (HCC) {1,2}. Hepatitis B surface antigen
(HBsAg)-positive patients have a 70-fold increased risk of devel-
oping HCC compared to HBsAg seronegative counterparts [3.4].
HBV infection is endemic in Southeast Asia, China, Taiwan, Korea,
and sub-Saharan Africa, where up to 85-95% of patients with HCC
are HBsAg positive [5]. HCC is the third and fifth leading cause of
cancer death in men and women, respectively, and the number of
deaths and the mortality rate from HCC have greatly increased in
Japan since 1975 [6]. Hepatitis C virus (HCV)-related HCC
accounts for 75% of all HCCs in Japan and HBV-related HCC
accounts for 15% {6].

In 2004, Liaw et al. reported a significant reduction in HCC in
651 adults receiving lamivudine after adjustment for baseline
variables (hazard ratio, 0.49 [95% confidence interval (95% CI),
0.25-0.99], p = 0.047) [7]. However, the results were not signifi-
cant after exclusion of 5 patients who developed HCC within
1 year of randomization (0.47 [0.22-1.00], p = 0.052). Therefore,
in 2009, the National Institutes of Health Consensus Develop-
ment Conference concluded that there was insufficient evidence
to assess whether nucleos(t)ide analogue (NA) therapy can pre-
vent the development of HCC [8].

The long-term use of lamivudine has not been récommended
because of tyrosine-methionine-aspartate-aspartate (YMDD)
mutations, which have occasionally been associated with severe
and even fatal flares of hepatitis {9,10]. Therefore, adefovir dipiv-
oxil should be added immediately in patients with virological or
biochemical breakthroughs or no response. Currently, there are 2
nucleoside agents (lamivudine, entecavir) and 1 nucleotide agent
(adefovir dipivoxil) available for treatment of HBV infection in
Japan. The agent with the higher genetic barrier to resistance,
entecavir, is considered the initial drug of choice [11]. Recently,
3 studies on lamivudine suggested that long-term sustained viral
suppression was associated with a reduced likelihood of develop-
ing HCC [12-14].

In this study, we sought to determine if NA therapy was asso-
ciated with a reduction in the development of HCC. Since the
validity of treatment effects in observational studies may be lim-
ited by selection bias and confounding factors, we performed a
propensity analysis {15].
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Materials and methods
Patient selection

The study protocol was approved by the Institutional Ethics Committee of Ogaki
Municipal Hospital in January 2011, and was in compliance with the Declaration
of Helsinki. Written informed consent for the use of stored serum samples for the
study was obtained from all patients.

Between 1998 and 2008, 1220 consecutive HBsAg-positive patients, who vis-
ited the Department of Gastroenterology and Hepatology at Ogaki Municipal Hos-
pital, were prospectively enrolled in our HCC surveillance program. Of these, 785
patients met the following inclusion criteria: HBsAg positive for more than
6 months, no evidence of HCV co-infection, exclusion of other causes of chronic
liver disease (alcohol consumption >80 g/day, hepatotoxic drugs, autoimmune
hepatitis, primary biliary cirrhosis, hemochromatosis, or Wilson’s disease), fol-
low-up duration of greater than 3 years, no evidence of HCC for at least 1 year
from the start of the follow-up period, receiving no interferon treatment, and
receiving NA therapy for more than 1 year before the detection of HCC (Fig. 1).
In patients on NA therapy, the date of NA therapy initiation was considered the
starting point of the follow-up period.

Of these 785 patients, 148 received NA therapy (NA group) and 637 patients
did not receive NA therapy (non-NA group) during the follow-up period. To
reduce the confounding effects of covariates, we used propensity scores to match
NA patients to unique non-NA patients. Six covariates including age, sex, HBV
DNA concentration, hepatitis B e antigen (HBeAg), platelet count, and alanine
aminotransferase (ALT) activity were taken into account at the start of follow-
up. We computed the propensity score by using logistic regression with the inde-
pendent variable including age (<40 years or >40 years), sex (female or male),
HBV DNA concentration (<5.0 log copies/ml or >5.0 log copies/ml), HBeAg (nega-
tive or positive), platelet count (>150 x 10%/m? or <150 x 10%/m?), and ALT activ-
ity (<401U/ml or >401U/ml), as shown in previous reported cut-off values
according to the indication for NA therapy [16-19]. This model yielded a c statis-
tic of 0.85 (95% confidence interval [Cl], 0.82-0.88), indicating very good ability of
the propensity score model to predict treatment status. We sought to match each
patient who received NA therapy to a patient who did not receive NA therapy,
having a propensity by using greedy 5-1 digit matching [20]. Once this threshold
was exceeded, a patient with NA therapy was excluded. This score ranged from
0.09198 to 0.98367 and, in effect, represented the probability that a patient
would be receiving NA. We were able to match 117 patients with NA therapy
to 117 unique patients without NA therapy. The follow-up period ended on 31
December, 2011 or the date when HCC occurrence was identified.

Surveillance and diagnosis

Al} patients were followed up at our hospital at least every 6 months. During each
follow-up examination, platelet count, ALT, gamma glutamyl transpeptidase
(gamma-GTP), total bilirubin, alkaline phosphatase (ALP), albumin, and alpha-
fetoprotein (AFP) levels were measured. We used commercially available kits to
test blood samples for HBsAg, HBeAg, and anti-HBe (Abbott Japan Co., Ltd., Tokyo,

Eligibility criteria

1. HBsAg positive for more than 6 mo

2. Follow-up period >3 yr

3. No evidence of HCC for at least 1 yr
from the start of the follow-up period

4. Receiving NA therapy for more than 1 yr

[NA group (n = 148)| " [Non-NA group (n = 637)]
Propensity
score
matching

Fig. 1. Flowchart of the patient selection process.

Japan). Before Novernber 2007, the serum HBV DNA concentration was monitored
by a polymerase chain reaction assay (COBAS Amplicor HBV monitor test, Roche
Diagnostics K. K., Tokyo, Japan) with a lIower detection limit of approximately
2.6 log copies/ml, and after December 2007, it was monitored with another poly-
merase chain reaction assay (COBAS AmpliPrep-COBAS TagMan HBV Test, Roche
Diagnostics K. K.), with a lower detection limit of approximately 2.1 log copies/
ml. HBV genotyping was performed as described previously [21]. Serum levels
of HBV core-related antigen (HBcrAg) were measured using a chemiluminescence
enzyme immunoassay (CLEIA) as described previously [22,23]. Precore nucleotide
1896 and basal core promoter (BCP) dinucleotide 1762/1764 were determined
using the line probe assay (INNO-LiPA HBV PreCore assay; Innogenetics NV)
[24,25]. The probes were designed to determine the nucleotides at position
1896 (G vs. A) in the precore region and positions 1762 (A vs. T) and 1764 (G
vs. A and G vs. T) in the BCP region. A line probe assay was used to identify any
emergence of YMDD mutations (INNO-LiPA HBV DR assay; Innogenetics NV).

Platelet count, ALT, gamma-GTP, total bilirubin, ALP, albumin, AFP, and HBV
DNA values were expressed as average integration values [26,27] after the start
of follow-up.

According to the Clinical Practice Guidelines for Hepatocellular Carcinoma in
Japan {28}, we performed ultrasound (US) and monitoring of 3 biomarkers (AFP,
Lens culinaris agglutinin-reactive fraction of alpha-fetoprotein [AFP-L3], and des-
gamma-carboxy prothrombin [DCP]) every 3-4 months, and dynamic magnetic
resonance imaging (MRI) every 12 months, for patients with cirrhosis under sur-
veillance. For patients with chronic hepatitis, we performed US and monitoring of
the 3 biomarkers every 6 months. Histological examinations were performed in
91 out of 234 patients. Among them, cirrhosis was diagnosed in 32 patients. In
the remaining 143 patients, the diagnosis of cirrhosis was made according to typ-
ical US findings, e.g., superficial nodularity, a coarse parenchymal echo pattern,
and signs of portal hypertension (splenomegaly >120 mm, dilated portal vein
diameter >12 mm, patent collateral veins, or ascites) [29-31]. Patients who did
not satisfy these criteria were classified as having chronic hepatitis. One hundred
and forty-two patients were diagnosed with chronic hepatitis and 92 patients
with cirrhosis. For diagnostic confirmation of HCC, patients underwent dynamic
MRL A histological diagnosis of HCC was made in 28 patients (surgical specimen,
23 patients; US-guided needle biopsy specimen, 5 patients). The remaining 29
patients were diagnosed with HCC based on typical dynamic MRI findings, includ-
ing hypervascularity in the arterial phase with washout in the portal venous or
delayed phase [32].

Treatments

In the NA group, 117 patients received NA therapy including 18 patients with
lamivudine, 28 patients with lamivudine and adefovir dipivoxil, and 71 patients
with entecavir. The indications for NA therapy followed the guidelines of the
American Association for the Study of Liver Diseases (AASLD), the European Asso-
ciation for the Study of the Liver (EASL), or the Asian Pacific Association for the
Study of the Liver (APASL) {33-35]. In contrast, of the 117 patients not on NA
therapy, 104 did not receive treatment before NA was not yet approved in Japan
and the remaining 13 patients declined NA therapy.

Statistical analysis

Continuous variables are expressed as medians (range). The Mann-Whitney U
test was used for continuous variables, and the Chi-square test with Yates’ correc-
tion or Fisher's exact test was used for categorical variables. Actuarial analysis of
the cumulative incidence of hepatocarcinogenesis was performed using the
Kaplan-Meier method, and differences were tested with the log-rank test. The
Cox proportional hazards mode! and the forward selection method were used
to estimate the relative risk of HCC associated with age (<40 years or >40 years),
sex (female or male), treatment (NA or no NA), HBsAg (<3.0log!U/ml or
>3.0 log IU/ml), HBV DNA level (<5.0 log copies/ml or >5.0 log copies/ml), HBeAg
(negative or positive), precore region (wild type or mutant), BCP (wild type
or mutant type), HBcrAg (<3.0logU/ml or >3.0logU/ml), platelet count
(>150 x 10%/m® or <150 x 10%/m?), ALT (<40 IU/ml or >40 1U/ml), total bilirubin,
gamma-GTP, ALP, albumin, and AFP (<10 ng/ml or >10 ng/ml) for univariate and
multivariate analyses. We used the minimum or maximum of the reference val-
ues at our institution as cut-off values for total bilirubin, gamma-GTP, ALP, and
albumin, We conducted a sensitivity analysis to determine the magnitude of an
unmeasured confounder [36].

We considered p values of 0.05 or less to be significant. Statistical analysis
was performed with SPSS, version 18.0 for Windows (International Business
Machines Corporation, Tokyo, Japan). :
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Table 1. Baseline characteristics of all patients.
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NA group Non-NA group p value Standardized
(n = 148) (n = 637) difference in %
Age (yr) 53 (26-81) 48 (4-85) <0.0001 40.6
Sex (female/male) e 60/88 285/352 - ° 0.5378 6.4
Genotype (A/B/C/D/F/n.d.) 2/5/137/0/1/2 24/60/389/2/0/162 <0.0001 37.6
HBsAg (log,, IU/mly = 35(0.1-55) 33(1379) <0.0001 538
HBV DNA (log,, copies/ml) 7.0 (2.6-9.6) 3.8 (2.3-9.9) <0.0001 99.9
HBeAg (%) % S 76172 151/486 <0.0001 628 -
Precore region (W/M/n.d.) 30/109/9 88/381/168 0.4652 0.0
BCP (W/Min.d.) o 33/123H0 135/279/205 0.0074 273 ¢
HBcrAg (log,, U/ml) 5.9 (2.9-7.0) 3.0 (29-7.0) <0.0001
Platelet count (x10¥/m?) 150 (32-388) = 188 (37-503) <0.0001
ALT (1U/ml) 65 (7-1088) 26 (5-3410) <0.0001
AFP (ng/mly g : 3.9(0.8:3363). 2.9(0.8-3686) - 0.0062°
Cirrhosis (presence/absence) 62/86 91/546 <0.0001
Child-Pugh classification (A/B) 13216 . 618/19 0.0002 327
Follow-up duration (yr) 12.8 (3.1-19.6) 13.7 (3.1-20.0) 0.1565 -16.9
Administration period (yr) '6.5(1.5-11.0) BTy e . Y
-132.3

Propensity score

0.58003 (0.09198-0.98686) 0.95253 (0.12913-0.98967)  <0.0001

NA, nucleos(t)ide analogue; n.d., not done; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; HBeAg, hepatitis B e antigen; W, wild type; M, mutant type; BCP, basal
core promoter; HBcrAg, hepatitis B core-related antigen; ALT, alanine aminotransferase; AFP, alpha-fetoprotein; Child-Pugh classification, reference no |50}, Standardized
difference in%; 100(Xa — Xnon-na)/ ([Sha + S%on.na]/2) ', where for each covariate Xya and Xpon.na are the sample means in NA and non-NA groups, respectively, and 53,

and 52, na are the corresponding sample variances.

Results
Patient characteristics

Table 1 shows baseline characteristics of all 785 patients before
propensity matching. There were significant differences in age,
HBV genotype, HBsAg, HBV DNA concentration, presence of
HBeAg, BCP mutations, HBcrAg, platelet counts, ALT level, AFP
level, presence of cirrhosis, and Child-Pugh classification. The
baseline characteristics of the 234 study patients after propensity
matching are summarized in Table 2. There are no significant
differences in age, sex, HBV genotype, HBsAg, HBV DNA concen-
tration, presence of HBeAg, precore region mutations, BCP muta-
tions, platelet counts, ALT concentration, Child-Pugh
classification, and follow-up duration. HBcrAg concentration
was significantly higher in the NA group than in the non-NA
group. NA was administered a median of 6.1 years (range: 1.5~
10.7 years).

Factors associated with the incidence of hepatocarcinogenesis

Factors associated with the incidence of HCC as determined by
the Cox proportional hazard models and the forward selection
method were analyzed in all 785 patients. High age (hazard ratio,
6.43 [95% CI, 2.71-15.26], p <0.001), male sex (3.43 [1.67-7.02],
p =0.002), NA treatment (0.28 [0.21-0.85], p = 0.017), BCP muta-
tion (19.96 [2.27-141.90], p=0.03), high HBcrAg levels (8.21
[3.40-19.85], p<0.001), and high AFP levels (2.49 [1.43-4.34],
p=0.001) were significantly associated with the incidence of
HCC.

HCC developed in 57 of 234 patients (24.4%) during follow-up
after propensity matching. The 5-year, 7-year, and 10-year cumu-
lative incidences of HCC were 9.6%, 20.4%, and 33.4%, respec-
tively. The 5-year, 7-year, and 10-year cumulative incidences of

HCC were 2.7%, 3.3%, and 3.3%, respectively, in patients on NA
therapy (n=117) and 11.3%, 26.0%, and 40.0% in patients not
on NA therapy (n = 117). Hepatocarcinogenesis occurred at sig-
nificantly higher rates in the non-NA group (p = 0.0094, Fig. 2).
The 5-year, 7-year, and 10-year cumulative incidences of HCC
were 0.0%, 0.0%, and 0.0%, respectively, in patients with wild type
BCP (n=38)and 11.0%, 25.2%, and 41.9% in patients with mutant
BCP (n=112; p = 0.0006, Fig. 3). Factors associated with the inci-
dence of HCC as determined by the Cox proportional hazard mod-
els and the forward selection method are listed in Table 3. Higher
age (hazard ratio, 4.36 [95% CI, 1.33-14.29], p = 0.015), NA treat-
ment (0.28 [0.13-0.62], p =0.002), BCP mutation (12.74 [1.74-
93.11], p=0.012), high HBcrAg levels (2.77 [1.07-7.17],
p=0.036), and high gamma-GIP levels (2.76 [1.49-5.12],
p=0.001) were significantly associated with the incidence of
HCC. In addition, 2 patients died due to hepatic failure during
the follow-up period in the non-NA group.

The sensitivity analysis found that the observed relationship
between NA treatment and HCC incidence could be diminished
by the unmeasured confounder that the high prevalence of the
unmeasured confounder is greater in the non-NA group than in
the NA group. For example, suppose a binary unmeasured con-
founder that increased the hazard of HCC incidence (hazard ratio,
1.50) was present in 40% of those who were treated with NA and
80% of those who were not treated with NA. Then, the study’s
result would become less extreme and would no longer be statis-
tically significant (hazard ratio under sensitivity analysis, 0.48
[95% (I, 0.22-1.05]).

Follow-up data of various parameters in patients on or not on NA
therapy -

For this analysis, we used the average integration value during
the follow-up period (Table 4). ALT, gamma-GTP, ALP, AFP, and
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Table 2. Baseline characteristics of patients on NA therapy and propensity-matched controls.

NA group Non-NA group p value Standardized
(n=117) (n=117) difference in %
Age (y1) 52 (27-77) 52 (21-77) 0.9223 1.7
Sex (female/male) 4473 o 4572 o 0.8929 6.1
Genotype (A/B/C/n.d.) 1/4/1109/3 4/7/85/21 01232 268
HBsAg (log,; IU/ml) 3.6 (09-55) 36(0.9-7.9) . 01440 299 ¢
HBV DNA (log,, copies/ml) 6.7 (2.6-9.6) 6.5 (2.3-9.6) 0.1273 20.5
HBeAg(x) ‘ 57/60 , 58/59 . . 0.8960 2.0
Precore region (W/M/n.d.) 22/87/8 16/75/26 06399 5.1
BCP (W/M/n.d.). 2218817 17/70/30. . 09359 0.0
HBcrAg (log,, Uimi) 5.9 (2.9-7.0) 4.9(2.9-7.0) 0.0022 412
Platelet count (x10%m3), 143 (32-262). 146 (37-396) .. 06340 . =121
ALT (1U/ml) 68 (7-1088) 55 (9-3410) 0.0977 19
AFP(ng/ml) © . L 2.8 (0.8402) - 3.9.(0.8-1010) - 0.3118 -13.5
Cirrhosis (presence/absence) 48/69 44/73 0.6882 6.1
Child-Pugh classification (A/B) 108/9 10413 05024 31
Follow-up duration (yr) 12.3 (3.1-19.4) 11.6 (3.1-18.3) 0.7346 45
Administration period (yr) 6.1(1.5-10.7) T : G
Propensity score 0.65895 (0.11449-0.96977) ~ 0.65895 (0.12913-0.96989) 0.9931 0.0

NA, nucleos(t)ide analogue; n.d., not done; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; HBeAg, hepatitis B e antigen; W, wild type; M, mutant type; BCP, basal
core promoter; HBcrAg, hepatitis B core-related antigen; ALT, alanine aminotransferase; AFP, alpha-fetoprotein; Child-Pugh classification, reference no [50], Standardized
difference in%; 100(Xa ~ Xnon-a)/ ([Sha + S2on.na)/2) ~, where for each covariate Xna and Xnon-na are the sample means in NA and non-NA groups, respectively, and 5%,

and 52,y are the corresponding sample variances.
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Fig. 2. Incidence of hepatocellular carcinoma (HCC) according to nucle-
os(t)ide analogue (NA) treatment status. The NA group had a significantly
higher rate of progression to HCC than the non-NA group (p = 0.0094).

HBV DNA levels were significantly lower in patients on NA ther-
apy than in patients not on NA therapy. In contrast, platelet
counts and albumin levels were significantly higher in patients
on NA therapy than in patients not on NA therapy.

Discussion

Our study shows that long-term NA maintenance therapy is asso-
ciated with the suppression of progression to HCC. Liaw et al.
reported that lamivudine decreased the risk of HCC in cirrhotic
patients {7]. However, it is unclear whether the observed

- -~ Wild type n =39
—— Mutant type n = 158

'S
<

N
S

Cumulative incidence (%)

(=]

Wildtype' 39 39 3939, 3933 27720 14 14 12
Mutant 158 158 154 146 133 118 92 65 51 35 29

Fig. 3. Incidence of hepatocellular carcinoma (HCC) according to basal core
promoter (BCP) mutations. Patients with mutant-type BCP had a significantly
higher rate of progression to HCC than those with wild type BCP (p = 0.0006).

decreased risk of HCC with NA therapy was due to the short
observation period in their study. It is very difficult to prove
the preventive effect of NA on the development of HCC, because
randomized control studies are not ethically possible. In this
study, patients on NA therapy were compared to propensity
score-matched untreated controls. In these control patients, NA
therapy had not yet been approved or was not routinely used
for chronic hepatitis B at the time, or was declined by the patient.
As opposed to the entire population, these propensity-matched
patients were well matched to patients on NA; significant differ-
ences included higher HBcrAg levels in the NA group.

Large community-based studies have confirmed that
advanced age, male sex, HBeAg positivity, low platelet count,
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Table 3. Factors associated with progression to hepatocellular carci
among propensity-matched patients (Cox proportional hazard model).

Adjusted hazard  p value
ratio (95% CI)
Age(yn. . .o =40 100 10015
>40 4.36 (1.33-14.20) -~
Treatment no NA 1 : 0.002
R NA 028(0.13062)
BCP wildtype 1 0012
o mutanttype 1274(1.74-9311)
HBcrAg (log,, U/ml) <3.0 1 0.036
>3.0 2.77 (1.07-7.17)
ey . 0001

Y-GTP (IUL)-

276 (1.49-5.12).

NA, nucleos(t)ide analogue; BCP, basal core promoter; HBcrAg, hepatitis B core~
related antigen; y-GTP, gamma glutamyl transpeptidase.

higher ALT levels, elevated AFP levels, and presence of cirrhosis
are factors associated with the development of cirrhosis and
HCC [17,18]. Platelet count is a useful surrogate marker for the
diagnosis of cirrhosis [37]. All subjects were not histologically
diagnosed in this study. Therefore, we selected platelet count as
a marker of hepatic fibrosis instead of cirrhosis. An elevated
ALT level indicates the presence of active disease, and persis-
tently elevated AFP levels are a reflection of an enhanced regen-
erative state in the liver [16]. In the REVEAL study, a high HBV
DNA load was associated with an increased rate of HCC develop-
ment [17]. A direct correlation was observed between baseline
HBV DNA levels and the incidence of HCC, independent of serum
ALT concentration. In a model that integrated baseline and fol-
low-up HBV DNA levels, the cumulative incidence of HCC ranged
from 1.3% in patients with undetectable levels of HBV DNA to
14.9% in patients with HBV DNA levels greater than or equal to
10° copies/ml. Therefore, we have selected factors, such as age,
sex, HBeAg serostatus, HBV DNA concentration, platelet count,
and ALT for propensity matching.

Although the exact mechanisms of hepatocarcinogenesis by
HBV remain unclear, two mechanisms have been proposed
[38,39]. One mechanism involves chronic necroinflammation of
hepatocytes, cellular injury, and hepatocyte regeneration [40].
The other mechanism involves the direct carcinogenicity of
HBV through chromosomal integration [41]. Complete and sus-
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tained viral suppression by NA might block both pathways and
prevent the development of HCC. It is well known that the rate
of HCC is significantly higher in patients with virological break-
through or no response. In our study, when virological or bio-
chemical breakthrough was observed and the YMDD mutation
was detected in patients on lamivudine, adefovir dipivoxil was
immediately added. In patients with cirrhosis, especially in the
decompensated stage, sustained viral response on NA therapy
was not necessarily associated with a preventative effect against
the development of HCC, even though the incidence was lower
than in a group not on NA [14]. It is not surprising that viral sup-
pression decreased but did not eliminate the risk of HCC, because
HBV DNA may have already integrated into the host genome
before the initiation of therapy and may have resulted in genomic
alternations, chromosomal instability, or both [42,43].

It is reported that patients with HBV genotype C infection
have higher HBV DNA levels, higher frequency of pre-S deletions,
higher prevalence of BCP T1762/A1764 mutations, and signifi-
cantly higher chances of developing HCC [16,44~48). In our study,
T1762/A1764 mutations were observed in 158 (80.2%) out of 197
patients and were associated with a higher risk of developing
HCC (adjusted hazard ratio, 12.740 [95% CI 1.743-93.108]), inde-
pendent of NA therapy. However, the BCP T1762/A1764 muta-
tions were detected in HCC patients from Asia and Africa,
where HBV genotype C infection is predominant [16].

HBcrAg is a new HBV marker that reflects HBV load and cor-
responds to HBV DNA levels [21]. HBcrAg is comprised of HBV
core antigen (HBcAg) and HBeAg; both are products of the pre-
corefcore gene and share the first 149 amino acids of HBcAg.
The HBcrAg assay measures HBcAg and HBeAg simultaneously
by using monoclonal antibodies that recognize both denatured
HBcAg and HBeAg [47]. Serum HBcrAg concentration is well cor-
related with intrahepatic levels of covalently closed circular DNA
(cccDNA) [48]. It is reported that HBcrAg is a useful marker for
guiding cessation of NA therapy and evaluation of disease activity
[21,49]. In our study, elevated serum HBcrAg concentration was
associated with a higher risk of developing HCC (adjusted hazard
ratio, 2.767 [95% CI 1.067-7.172]). This is the first report demon-
strating a relationship between HBcrAg and HCC.

The present study has several limitations. The retrospective
design might have introduced an unintended bias. The propensity
matching method was adopted to reduce the confounding effects
of covariates. Characteristics of patients who did or did not
receive NA therapy were similar except for HBcrAg concentration.

Table 4. Average integration values of various parameters in patients who did or did not receive NA therapy.

NA group Non-NA group p value

(n=117) (n=117)
Platelet count (x10%m?) ="~ 17.0(3.3-37.2) 14.8(3.3-206) - - 0.0060°
ALT (1U/mi) 28.2 (8.5-88.9) 39.1(12.2-737.5) <0.0001
y-GTP (IU/L) 27.0 (10.9-267.6) 36.2 (9.5-269.7) . 0.0427
Total bilirubin (mg/dl) 0.7 (0.3-2.0) 0.7 (0.3-2.6) 0.1554
ALP (IUILY " | 242.7(1135-1028.8) 265.2 (140.5-1247.6) 10,0127,
Albumin (g/dl) 4.4 (3.0-5.0) 4.0 (2.4-4.8) <0.0001
Alpha-fetoprotein (ng/ml) ~122(0.8-106.0) “4.5(0.9-723.8) ¢ <0.0001
HBV DNA (log,, copies/mi) 2.5 (2.1-8.9) 4.6 (2.1-9.3) <0.0001

NA, nucleos(t)ide analogue; ALT, alanine aminotransferase; y-GTP, gamma glutamy! transpeptidase; ALP, alkaline phosphatase; HBV, hepatitis B virus.
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However, the non-NA group included many historical cases when
NA therapy was not yet available. In addition, the HBV DNA assay
used between 1998 and 2007 was not the most sensitive one.

In conclusion, NA therapy reduces the risk of HCC compared
with untreated controls. Higher serum HBcrAg levels and BCP
mutations are associated with development of HCC, independent
of NA therapy.
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Cytoglobin is expressed in hepatic stellate cells, but not
in myofibroblasts, in normal and fibrotic human liver

Hiroyuki Motoyama', Tohru Komiya?, Le Thi Thanh Thuy', Akihiro Tamori', Masaru Enomoto, Hiroyasu Morikawa',
Shuji lwai', Sawako Uchida-Kobayashi', Hideki Fujii', Atsushi Hagihara', Etsushi Kawamura', Yoshiki Murakami',
Katsutoshi Yoshizato'? and Norifumi Kawada'

Cytoglobin (CYGB) is ubiquitously expressed in the cytoplasm of fibroblastic cells in many organs, including hepatic
stellate cells. As yet, there is no specific marker with which to distinguish stellate cells from myofibroblasts in the human
liver. To investigate whether CYGB can be utilized to distinguish hepatic stellate cells from myofibroblasts in normal and
fibrotic human liver, human liver tissues damaged by infection with hepatitis C virus (HCV) and at different stages of
fibrosis were obtained by liver biopsy. Immunohistochemistry was performed on histological sections of liver tissues
using antibodies against CYGB, cellular retinol-binding protein-1 (CRBP-1), a-smooth muscle actin (z-SMA), thymocyte
differentiation antigen 1 (Thy-1), and fibulin-2 (FBLN2). CYGB- and CRBP-1-positive cells were counted around fibrotic
portal tracts in histological sections of the samples. The expression of several of the proteins listed above was examined
in cultured mouse stellate cells. Quiescent stellate cells, but not portal myofibroblasts, expressed both CYGB and CRBP-1
in normal livers. In fibrotic and cirrhotic livers, stellate cells expressed both CYGB and «-SMA, whereas myofibroblasts
around the portal vein expressed 2-SMA, Thy-1, and FBLN2, but not CYGB. Development of the fibrotic stage was
positively correlated with increases in Sirius red-stained, 2-SMA-positive, and Thy-1-positive areas, whereas the number of
CYGB- and CRBP-1-positive cells decreased with fibrosis development. Primary cultured mouse stellate cells expressed
cytoplasmic CYGB at day 1, whereas they began to express «-SMA at the cellular margins at day 4. Thy-1 was
undetectable throughout the culture period. In human liver tissues, quiescent stellate cells are CYGB positive.

When activated, they also become a-SMA positive; however, they are negative for Thy-1 and FBLN2. Thus, CYGB is

a useful marker with which to distinguish stellate cells from portal myofibroblasts in the damaged human fiver.
Laboratory Investigation (2014) 94, 192-207; doi:10.1038/labinvest.2013.135; published online 2 December 2013

KEYWORDS: o-smooth muscle actin; cellular retinol binding protein-1; chronic hepatitis; cytoglobin; fibulin-2; Thy-1

Stellate cell activation-associated protein was originally
discovered by proteomic analysis (in 2001)! in cultured
rat hepatic stellate cells that have vitamin A storage ability
when quiescent and function as liver-specific pericytes.
Histoglobin®> and Cytoglobin (CYGB)® were reported by
Trent and Hargrove? and by Burmester et al,? respectively, in
2002. These proteins, in addition to stellate cell activation-
associated protein, were classified as human, mouse, and rat
homologs of a hexacoordinate globin that differs from the
traditional pentacoordinate globins, such as myoglobin and
hemoglobin* CYGB consists of 190 amino acids with a
calculated molecular mass of 21kDa, and its amino acid

sequence is highly conserved among species.” Human CYGB
has ~25% amino acid identity with vertebrate myoglobin
and hemoglobin and 16% identity with human neuroglobin,
which is another type of globin that is present specifically in
the nervous system. CYGB is thus recognized as the fourth
globin of mammals.”> The CYGB gene is located on human
chromosome 17¢25.3 and mouse chromosome 11E2.
Although myoglobin, hemoglobin, and neuroglobin are
tissue restricted to cardiomyocytes and skeletal myofibers,
erythrocytes, and the nervous system, respectively, CYGB
is ubiquitously expressed in the cytoplasm of mesenchymal
fibroblastic cells of many organs,® and CYGB was reported to
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be present in the nucleus of human hepatocytes.” In
particular, CYGB is present in stellate cells in the liver and
pancreas, reticulocytes in the spleen, mesenchymal cells in
the submucosal layer of the gut, and mesangium cells and
stromal cells in the rat kidney. Therefore, one interesting
aspect of CYGB expression is its presence in visceral cells that
have the ability to store vitamin A. CYGB has also been
observed in some neuronal subpopulations of the central and
peripheral nervous systems in humans.

Hepatic stellate cells have conventionally been recognized
as hepatic fibroblastic cells (myofibroblasts are also catego-
rized as this cell type) that preferentially localize to the portal
region. Considering that quiescent stellate cells are trans-
formed into activated stellate cells, the liver contains at least
three types of fibroblastic cells: stellate cells, activated stellate
cells, and portal myofibroblasts.®? Stellate cells are desmin
positive in rodents'® and, when activated, they express
a-smooth muscle actin («-SMA). In addition, these cells
express cellular retinol-binding protein-1 (CRBP-1) and
participate in the metabolism of retinol and retinyl esters.!!
In contrast, thymocyte differentiation antigen 1 (Thy-1 or
CD90)!121 and fibulin-2 (FBLN2)!>-17 have been utilized
as markers of liver myofibroblasts. These cell type-specific
markers of liver fibroblastic cells have been largely utilized
in studies with rodents. However, a specific marker to
distinguish stellate cells from myofibroblasts in the human
liver has not yet been identified.

The aims of our present work were to investigate whether
CYGB is a reliable marker of stellate cells in the normal
human liver and to study the expression of CYGB, CRBP-1,
Thy-1, FBLN2, and «-SMA in fibrotic and cirrhotic human
liver.

MATERIALS AND METHODS

Human Liver Tissues

Human liver tissues damaged by hepatitis C virus (HCV)
infection at various fibrosis stages (from F1 to F4, 10 samples
each) and one tissue sample damaged by nonalcoholic stea-
tohepatitis (NASH) at fibrosis stage F2 (58-year-old woman
with serum alanine aminotransferase (ALT) 110IU/1) were
obtained by liver biopsy at Osaka City University Medical
School Hospital (Osaka, Japan) from August 2006 to
September 2011. Intact human liver tissues were obtained
from patients who had metastatic liver tumors or cholangio-
carcinoma treated by surgical resection. The procedures for
this study were in accordance with the Helsinki Declaration
of 1975 (2000 revision). Liver biopsy was performed after
informed consent had been granted.

Clinical Data

The age, sex, and primary clinical data for each patient were
obtained on consultation or admission to our university
hospital. ALT levels, albumin levels, platelet counts, and anti-
HCV antibody levels were measured at the Central Clinical
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Table 1 Characteristics of the HCV-infected patients enrolled
in this study

Stage Age® (years) ALT® qu/l) Albumin®  Platelet® Grade
(g/dl) (% 10%  (AO/AY/

mm?) A2/A3)

F1 5554137 635 (250-890) 41+03 179+54  3/7/0/0
F2 556187 602 (405-740) 39103 150£54  0/5/5/0
F3 63.8+£8.1 75.1(48.2-1035) 38+£03 126+32  0/2/5/3
F4 630168 824 (447-1152) 3.6%03 120+£4.1  0/4/6/0

ALT, alanine aminotransferase.

The stage of liver fibrosis and grade of necroinflammation were assessed
based on the new Inuyama classification.'®

“Mean £ s.d.

bMedian (interquartile range).

Laboratory of Osaka City University Medical School Hospital
(Table 1).

Histopathological Diagnosis
Liver biopsy was performed in all 41 patients using a
15-gauge Tru-Cut needle (Hakko, Tokyo, Japan) under
ultrasound guidance. The tissue samples fulfilled the size
requirements suggested by Janiec et al!® adequate liver
biopsy samples were defined as having a length > 1.0 cm and/
or the presence of at least 10 portal tracts. The liver tissues
were fixed in 10% formaldehyde, embedded in paraffin,
and cut into 4-pm-thick sections. Deparaffinized sections
were stained with hematoxylin-eosin and Azan-Mallory,
dehydrated in 100% ethanol, cleared by xylene, mounted
with NEW M-X (Matsunami Glass Industries, Osaka,
Japan), and then examined by microscopy. The degree of
liver fibrosis was assessed based on the new Inuyama classi-
fication!? as follows: FO, no fibrosis; F1, expansion of the
portal tracts without linkage; F2, portal expansion with
portal-to-portal linkage; F3, extensive portal-to-portal and
focal portal-to-central linkage; and F4, cirrhosis (Table 1).
The sections were also stained with 0.1% (w/v) Sirius red
(Direct Red 80; Aldrich, Milwaukee, W1, USA) in a saturated
aqueous picric acid solution for 1h at room temperature to
visualize collagen fibers. After staining, the sections were
washed in two changes of 0.01N HCl and mounted as
described above.?’

Immunostaining of Human Liver Tissues

For immunohistochemistry, paraffin sections were dewaxed
in xylene and rehydrated in decreasing concentrations of
ethanol (xylene: 3 X 3min; 100% ethanol: 2 x 3 min; 95%
ethanol: 3min; 70% ethanol: 3min). Primary antibodies
and immunohistochemistry conditions are listed in Table 2.
In brief, the sections were deparaffinized and treated with
a solution of 3% H,0, in 100% methanol for 10min at
room temperature to block endogenous peroxidase activity.
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Table 2 Primary antibodies used in this study

Antibody

Anti-human cytoglobin
Anti-human cytoglobin

Anti-rat cytoglobin

Anti-human fibulin-2 (FBLN2)

Species Source Dilution
Rb poly Our laboratory 1/100
Mo mono Our laboratory 1/1000
Rb poly Our laboratory 17100
Anti-human cellular retinol-binding protein-1 Rb poly Santa Cruz 17100
Anti-human z-smooth muscle actin Mo rmono Dako 1/100
Anti-human thymocyte differentiation antigen 1 (Thy-1) Rb poly Abcam 1/100
Anti-mouse thymocyte differentiation antigen 1 (Thy-1) Mo mono Abcam 1/100
Rb poly Sigma 1/200
Anti-human lymphatic vessel endothelial hyaluronan receptor-1 (LYVE-1) Rb poly Abcam 1/200

Mo mono, mouse monoclonal antibody; Rb poly, rabbit polyclonal antibody.

The sections were then preincubated with serum-free protein
block (Dako, Glostrup, Denmark) for 10 min at room tem-
perature and subsequently incubated with primary anti-
bodies in a dilution of 1:100 for 1h at room temperature.
Negative controls with no primary antibody were used to
assess nonspecific staining. The secondary antibodies used
included horseradish peroxidase-conjugated goat anti-rabbit
IgG (1:200; Dako), rabbit anti-goat IgG (1:200; Dako), and
rabbit anti-mouse IgG (1:200; Dako). The chromogen used
was 3,3’-diaminobenzidine (Dako). The resultant sections
were stained and analyzed using a BZ-8000 microscope
(Keyence, Osaka, Japan).

Subsequently, double immunofluorescence staining was
performed. After the paraffin sections were dewaxed, the
sections were incubated with a mixture of antibodies against
CYGB and 2-SMA as described previously.?! After rinsing
in PBS, the sections were incubated with a mixture of
fluorochrome-conjugated secondary antibodies: AlexaFluor
488 goat anti-rabbit IgG (Molecular Probes, Eugene, OR,
USA) and AlexaFluor 594 goat anti-mouse IgG (Molecular
Probes). The sections were briefly washed and mounted with
ProLong Gold Antifade Reagent (Molecular Probes). The
resulting sections were stained and analyzed using a BZ-8000
microscope (Keyence).

Morphometry for Hepatic Fibrosis

For morphometric image analysis of hepatic fibrosis in
immunostaining, the areas of the liver sections that were
positive for Sirius red (red), o-SMA (brown), or Thy-1
(brown) were captured separately using a charge-coupled
device (CCD) camera connected to a macro digital filing
system (DP70 - BX-51; Olympus Corporation, Tokyo, Japan).
Images representing the whole biopsy section were acquired
at x 200 magnification and digitalized. These separately
captured and digitalized images were consolidated to create
one large image using e-Tiling (Mitani Corporation, Tokyo,
Japan). Collagen- or o-SMA-positive areas were measured
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using Lumina Vision 2.4 (Mitani Corporation) and were
calculated automatically. The hepatic fibrotic area (%) was
calculated as the area stained with the selected color divided
by the whole tissue area at x 100 magnification.?"

In fibrotic livers, the number of CYGB- and CRBP-I-
positive stellate cells in each field was counted around fibrotic
portal tracts (F1 to F4 samples). The analysis was performed
on each 10-sample group of F1-F4 tissues using an average of
five fields per zone (1.4 mm?) (100 x objective). We counted
the cell bodies that stained positively and contained a
nucleus.

Cell Lines

The human HSC line LX-2 was donated by Dr Scott L
Friedman at the Mount Sinai School of Medicine (New York,
NY, USA).?2 LX-2 cells were cultured on plastic dishes or glass
chamber slides in Dulbecco’s modified Eagle’s medium
(DMEM; Sigma Chemical, St Louis, MO, USA) supple-
mented with 10% fetal bovine serum (FBS; Invitrogen,
Carlsbad, CA, USA), 100U/ml penicillin, and 100 ug/ml
streptomycin. Huh7 cells (JCRB0403), which were obtained
from the Japanese Collection of Research Bioresources (JCRB)
Cell Bank (Osaka, Japan), were maintained on plastic culture
plates in DMEM supplemented with 10% FBS. In some
experiments, LX-2 cells were transfected with the pEGFP-
cytoglobin vector (Clontech, Mountain View, CA, USA) using
FuGENE HD (Roche, Applied Science, Indianapolis, IN,
USA). The cells were collected at 24 h after transfection.

Preparation of Primary Cultured Mouse Hepatic Stellate
Cells

Primary mouse stellate cells were isolated from 12- to
16-week-old male C57BL/6N mice (Japan SLC, Shizuoka,
Japan) by pronase-collagenase digestion and subsequent
purification with a single-step Nycodenz gradient, as
previously described.”® All animals received humane care.
The experimental protocol was approved by the Committee
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of Laboratory Animals, Osaka City University Medical
School, and was performed according to institutional guide-
lines. Isolated stellate cells were cultured on plastic dishes or
glass chamber slides in DMEM (Sigma Chernical) supple-
mented with 10% FBS (Invitrogen), 100U/ml penicillin,
and 100 ug/ml streptomycin. The purity of the cultures was
determined based on observation of the characteristic stellate
cell shape using phase-contrast microscopy.

Quantitative Real-Time PCR

Total RNA was extracted from stellate cells using the RNeasy
Mini Kit (Qiagen, Valencia, CA, USA). cDNA was synthesized
as previously described.’* Gene expression was measured by
quantitative real-time PCR using cDNA, THUNDERBIRD
SYBR ¢PCR Mix Reagents (Toyobo, Osaka, Japan), and a set
of gene-specific oligonucleotide primers. The reactions were
performed in an Applied Biosystems Prism 7500 Sequence
Detection System (Applied Biosystems, Foster City,
CA, USA). The expression of glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) was also measured as an internal
control.

Immuncblotting

Protein samples (30 ug) were subjected to 5-20% gradient
SDS-polyacrylamide gel electrophoresis (ATTO, Tokyo,
Japan) and transferred to Immobilon P membranes
(Millipore Corporation, Bedford, MA, USA). After blocking,
the membranes were probed with a primary antibody against
CYGB (1:1000; our laboratory), 2-SMA (1:2000; Dako),
Thy-1 (1:1000; Abcam, Cambridge, UK), or GAPDH (1:2000;
Santa Cruz Biotechnology, Santa Cruz, CA, USA). The
membranes were then labeled with horseradish peroxidase-
conjugated secondary antibodies. Immunoreactive bands
were visualized using the ECL detection reagent (GE
Healthcare, Buckinghamshire, UK) and documented with an
LAS 1000 device (Fuji Photo Film, Kanagawa, Japan).

Data Analysis

The data are presented as bar graphs representing the
mean ts.d. in all experiments. Statistical analyses were per-
formed using Student’s r-test. P<<0.05 indicated statistical
significance.

RESULTS

Specificity of the Anti-CYGB Antibody

We previously generated rabbit polyclonal anti-rat CYGB
antibodies that stain stellate cells in intact and fibrotic
rat liver and other visceral organs.?> In the present study,
we newly generated rabbit polyclonal and mouse mono-
clonal antibodies against human CYGB in our laboratory.
Immunoblot analysis revealed that the rabbit polyclonal
antibodies detected purified recombinant human CYGB,?
which was provided by RIKEN (Harima, Hyogo, Japan), at
21kDa and EGFP-binding recombinant human CYGB
(generated in our laboratory) at 48kDa; however, the
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antibodies did not detect human albumin. LX-2 and Huh 7
cells expressed negligible levels of CYGB (Figure la). The
monoclonal antibody produced almost identical results (data
not shown).

Immunohistochemical Characterization of Intact Human
Liver

Intact human liver tissues were obtained by surgical resection
from patients with metastatic liver tumors or cholangio-
carcinoma, and the expression levels of CYGB, 2-SMA,
Thy-1, and FBLN2 were determined (Figure 1). As shown
in Figure 1bA and B, the obtained tissue samples showed
negligible inflammatory cell infiltration and negligible
expansion of fibrotic areas. Immunostaining using the
polyclonal antibodies against human CYGB revealed positive
cells along the sinusoids throughout the lobule (Figure 1bC
and D). Similar results were obtained with the mono-
clonal antibody (Figure 1bE and F). The hepatocytes and
the cells in the portal areas were CYGB negative. CYGB-
positive cells were present in the serial sections, and
we identified these cells as stellate cells because an enlarged
view revealed that they were located between the hepatocytes
and the lumen of the sinusoids. In addition, these cells
contained lipid droplets in their cytoplasm, and their
cytoplasmic processes expanded along the sinusoids
(Figure 1bD and F).

Immunohistochemistry was further performed on intact
human liver samples using antibodies against CRBP-1,
o-SMA, FBLN2, and Thy-1. In the liver parenchyma, strong
expression of CRBP-1 was observed along the sinusoids
(Figure 2a). An enlarged view showed that CRBP-1-positive
cells contained lipid droplets, indicating that they were
hepatic stellate cells. There were no CRBP-1-positive cells
around the portal area. Instead, «-SMA-positive cells
predominated; these cells also existed in the walls of the
vessels, but not along the hepatic sinusoids (Figure 2b).
In addition, the regions adjacent to the portal vein contained
limited numbers of cells that stained for FBLN2 or Thy-1
(Figure 2¢ and d), which are also biomarkers of myo-
fibroblasts. )

Taken together, these findings indicate that CYGB and
CRBP-1 are uniquely expressed in hepatic stellate cells in the
intact human liver, whereas myofibroblast markers such as
%-SMA, FBLN2, and Thy-1 are locally present in cells around
the portal tract.

Immunohistochemistry of CD68, LYVE-1, and CRBP-1

in Relation to CYGB

CD68 is a glycoprotein that binds to low-density lipoprotein
and is expressed by monocytes and macrophages. Kupffer
cells are positive for CD68.27 We found that spindle-shaped
CD68-positive cells were present in the sinusoids in the
intact human liver, indicating that these cells were Kupffer
cells. These cells were predominantly located along the
sinusoids (Figure 3a). Double immunofluorescence staining
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showed that CD68 did not colocalize with CYGB (Figure  and immobilized hyaluronan. Sinusoidal endothelial cells are
3b-d). LYVE-1, also known as extracellular link domain- LYVE-1 positive.”® We observed LYVE-1 positivity along the
containing 1 (XLKD1), acts as a receptor for both soluble hepatic sinusoid in the sinusoidal walls, indicating that

Figure 2 Immunohistochemistry for CRBP-1, «-SMA, FBLN2, and Thy-1 in intact human liver. (a) Immunohistochemistry for CRBP-1. in the liver
parenchyma, strong expression of CRBP-1 was observed along the sinusoids {arrows). A magnified view of the enclosed area shows that a CRBP-1-
positive cell contained lipid droplets, indicating that it was a hepatic stellate cell. CRBP-1 was not observed around the portal area. Bar, 100 um. p,
portal vein. (b) Immunohistochemistry for 2-SMA. 2-SMA-positive cells were present predominantly in the portal area and in the walls of the vessels,
but not along the hepatic sinusoids. Bar, 100 um. (c) Immunohistochemistry for FBLN2. FBLN2 was localized in the vessels of the portal spaces. Positive
staining for FBLN2 was not visible along the sinusoids. Bar, 100 um. (d) Immunohistochemistry for Thy-1. Thy-1-positive cells were located within the
portal tracts adjacent to the wall of the portal vein. Bar, 100 um.

<

Figure 1 Characterization of newly generated rabbit polyclonal antibodies against human CYGB. (a) Newly generated rabbit polyclonal antibodies
against human CYGB detected purified recombinant human CYGB (21 kDa) (fane 1) and EGFP-labeled recombinant human Cygb (48 kDa) (lane 4) but
not human albumin (fane 2). LX-2 cells and Huh 7 cells did not express CYGB (lanes 3 and 5, respectively). (1) Recombinant human CYGB (10 ug); (2)
human albumin (20 ug); (3) lysate of LX-2 cells (20 ug); (4) lysate of LX-2 cells overexpressing EGFP-CYGB (20 ug); (5) lysate of Huh-7 cells (20 ng). (b)
Immunohistochemistry of normal human liver tissues. (A) Hematoxylin-eosin staining. No hepatacyte death or inflammation was observed. Bar, 100 um.
¢, central vein; p, portal vein. (B) Sirius red staining. Limited collagen deposition was observed around the portal and central vein areas. No fibrosis
occurred in the liver parenchyma. Bar, 100 um. (C) Immunohistochemistry for CYGB using newly generated polyclonal antibodies. CYGB-positive cells
were localized in the liver parenchyma along hepatic sinusoids (arrows). Bar, 100 um. (D) Magnified view of the enclosed area in (C). CYGB-positive cells
were present in the perisinusoidal space and contained lipid droplets in the cytoplasm, suggesting that they were stellate cells {(arrowheads). Bar,

20 um. (E) Immunohistochemistry for CYGB using the monoclonal antibody. CYGB-positive cells were localized in the liver parenchyma along the
hepatic sinusoids (arrows). Bar, 100 um. (F) Magnified view of the enclosed area in (E). CYGB-positive cells were present in the perisinusoidal space

and contained lipid droplets in the cytoplasm, suggesting that they were stellate cells (arrowheads). Bar, 20 um.
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