4 N. Nakano et al.

infection who received rituximab plus steroids contain-
ing chemotherapy.' The kinetics of HBV reactivation in
this case strongly suggested that monthly monitoring of
HBV DNA could prevent hepatitis even in such a highly
replicative clone with a precore mutation.

In summary, we first reported HBV reactivation fol-
lowing treatment with the anti-CCR4 antibody moga-
mulizumab and revealed the detailed kinetics of HBV
replication during reactivation. Further well-designed
studies are warranted to address the mechanisms of
HBV reactivation and to establish standard management
for reactivation in patients with previously resolved
HBV infection, following anticancer chemotherapy and
immunosuppressive therapy.
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W 2% A RN F6 1) B B AT e B LD BLUIA

N EE A

= =
BB ATOBEFFROBEEEILE, HBs LEBEFIClEd 50 2 03AECHEDN
HY, FOEEE 10~40% BIHETH 5. HBs PuREMEC HBs PuiEF 2213 HBe $if
BHEBIA SR E L T o IERBONTEBY, ENREIHRShIBETHL. &
BLodh L-ATmSHIgEL T, BRESACBY 2BEECOBEREHELPICL,
FIEHALOT R EHELT 5 2 P BETH 5.

E U &

LFPERATENC BT 5 BRFR Y 4 VA
(HBV) OFEMEALE, EEEE SR TWS,
Bz, 2001 4EIC Dervite 58U V¥ v/
BERALEERERIIC BT, BIAFAEREPUR
(HBs PUE) o fss» > HBV Bigik:
1b% 0 CHEY LT3k, HBV oF gk
AL EE CHBRCE 2 waNED 12
Lo Tnd. LA LEEPAICB VT,
NS DM E o THTEEE &9
HahTB 5T, [RENHR - (FREC
DEETHBEFRESIROTA FIA4 ]
%P L72 IR RE L TR WO RBIRT
H5b.

FIRTH, BFEREICHE) HBY OWEE
1b, BRCEB A AT B HEHIRICDWT
WA 5.

© ENLARABRYEE v o - BUR b EREIERRE BhE

F—7— R BERFE, Bk, (LS5,
BB A, T AENw

B D A BT S HBY OFEEEORE

OBV ORI, MERES v 78
JF4/FETEEE & s o 7 HBs P B 7 0 IR 52
&, HBV [C—BMERG: LBE b3 IcdE
L7z HBs PR B RTAEHRTR (HBs
PUR) F 2k BEUFSE D 7HME (HBe Hii4)
BEORBED 2 DI K& NS,

1. HBs #iEBE:H

IHE CICERRACEYT, HBs iRk
HEfiz &0 HBV OFFEE, #1I1RT
FICHOWEPRMETHEEINTHS, F
72, BEHACOIEPIERE OB HPSAK b H
LWBHLIVAVICTHE (1) ¥dY, #
DEELBBIE 0~40% BETHL. T
7o, B E IR — PIRSCBRAME DI —2
PY—XELTHEoPREIN TS (F
2). Yeo HiE, HBs MEREOTEBAIED
PR ABZICPIAF (VAT STV +4
Y =7z Y+ FEYNEY Y +5-T G
T 7 v v) BREE AT L7 B3 102 Firh 59
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®1 BEBPIALCSE TS HBs HEBREG 2 50 B B AOBEELOREDH IV AR, W AR

AR maAK (BHED wH B (ZHIGED

LA A FEVJORR EP|+ CDDP

FFimEa» A {=wF=7 DTX + EP

B A DOX DOX -+ CPA (AC)

IR EPI CPA + MTX +5FU (CMF)

iR E CDDP CPA -+ DOX -+ 5FU (CAF)

KBS A TN LR CDDP + IFN + DOX + 5FU (PIAF)
IEEE - WREED A GEM % & CDDP +5FU (Low dose FP)
BHA CDDP + VP16 4+ DOX

BN A CBDCA+ PTX

B A MTX 4 ACT—D + VP16 + CPA + VCR
WED A CDDP + EPI + BLM

BRafED A CPA + MTX 4 5FU

HEADBS AL E BLM + VP16 + CDDP (BEP)

CPA+ DOX+VCR (CAV)

GEM -+ CDDP .

5FU+ CDDP (FP)

MTX + VLB + DOX + CPA.

CPA + DOX + CDDP + MTX -+ BLM
DTX + EPI

VP16 + BFU + FA

5FU+FA

GEM + VP16

MMC + VLB + DOX -+ CPA
CBDCA + VP16 + CPA

MTX + ACT~D + DOX + CPA + VCR
PTX -+ CDDP % &

SFU =7 WA uo 9, ACT-D. 745 /4D, CPAI Y2 1RRA7 73K,

BIM: 7Jvd<A vy, EPII ¥V E Y Y, CBDCA: AMESSF ¥, CODP . VAT 5T v,
DTX: FEZF i, DOX: FEVYRMEYY, GEM:: FAV ¥y, FAL 73U VB,

NI AV —7=zury, MTX: A M FP—}, PTX: 827U ¥ FEb, VOR: BV YRFV,

VIB: UV 7 IAFY, VPI6 I T bRV

B (58%) CHFHHEEE 28, HBV O
WAL L 2503746 (36%) THY,
FOAHLEHEEAI X BFETA 1240 (30%)
EEETHoEHELEY. £/ Jang 5
1%, HBs JUEG ORI AT A
WL TConEVEY Y ELRZE VAT ITF VL
% chemolipiodolization % Ji47 L 7= 83 @@
3%, HBV oFFEEbE: 28 B (337%) 1<
B, 205 LEFHEERAC LB TE 346

(107%) WD EMELLY. 20X,
BIEPACBNTY HBs SEBEA»L O
HBV OEEELIEBNEEEICRD TR
D, Lo EELH) 2 LBBETHB.

2. HBs HEEMET, HBs % /21d HBC
ARG

B UABICHT AU YR VTR ET

I B I NTW DS HBs PuRIEM ¢, HBs
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2 HBs HUEB, 5 OEEE{LOHE
vy s . BiEkL v BEAL o
LAY B ARE o SREE DEL e WMEFE
DOX + CPA (AC) A A 17 49 41 Yeo W 2003
— CPA+MTX+5FU % &
5FU+ CPA & & 2005 A 19 61 311 YeoW 2004
DOX+ CPA (AC)or A 16 76 21 Yun J 2011
5FU + DOX + CPA (FAC)
CPA + DOX +5FU (CAF), P A 23 111 20.7 Kim MK 2007
DOX+ CPA (AC)— DTX
DOX+CPA (AC)— PTXorDTX #PA 18 128 144 SohnBS 2011
IANEY LR e A 13 22 594 DaiCY 2011
BFU + CDDP~HAI, Frmig s A 8 33 242 Nagamatsu H 2003
5FU -+ EPI 4+ MMC-HAI
EPI+ CDDP—TACE, Frmias’ A 15 a7 405  Jang JW 2006
CDDP~TACE
EP| + CDDP~chemolipiodolization ~ FFiEs" A 28 86 33.7 JangJWw 2004
CDDP + DOX + 5FU + ATfmig s A 37 102 36 Yeo W 2004
IFN {PIAF) or DOX
BFELERLIA Y B A 1 46 22 NishidaT 2012
‘ (EEEEED)
EEEEhLUA EED A 9 59 153 ErenQ0O 2009
(EEBEED)
EEIFEHELIA S B4 A 15 78 19.2  Yeo W 2000
(REEEad)

DOX: FFYAMEY Y, CPAI VZHRAT 7R F, MTKI AP MLFY—), BFU 73095 Vi,
DTX: Fe&FF®l, PTX: 232 ) &2y, CODP I VATSF Y, EPI VT3,
MMG <4 rvA Y C, IFN: 4 ¥ —7 >, HAl hepatic arterial infusion chemotherapy,

TACE ! transcatheter arterial chemoembolization

LR E 721 HBe JRBHER, vwhw b —#
PR b OB, BRFAKCBE LTI
FEEERARL, VIXVAREATED,
EFEE LAV THDL (FT3). Tz, BH
& k- MR TOREIE R, BAWED
=AY —AXELTHRERLILTWS, L
LIt Peng 625, w4 b~Af v CE&EF
VSR YV LB FEIR LSRR 2
AT L7z 43 B, 480 (9.3%) 1< HBV O
B X AFFEEEZ RO L2 ME LT
BYY, Lh HBs FLEBMEC, HBs BiflkE
721 HBe PRSI C b EESLETH 5.

B0 A1 B HBY OB
—HREORR —

HBV OFEHALO Y A7 &7 5 HBs HiE
DOBFE &, HBs PUEEM T HBe iR E 2
X HBs ¥k O B ik# %, 20104E 8 Ah b
20124 5 B ¥ ¢z, EMANABIEEY ¥ —
FORBE CETEA AT 2 R bR &
7L72 1,129 BlEsd e UCREr L7z, HBs
PUR OB RS, HBs HuBUI &M T HBe Hifk
F 7213 HBs PO BEEL, e 33%,
252% THolz. £z, HBs MEDOHERE
RIS Lz & 2 5 — R OBEIMIZERD I
o 724%, HBs SRR T HBe Piff 372
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1. HBs HEGMHEH
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HBV BG4 b DR ENR
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(il 5]

[FO®HIC

EERATO BBFHR Y 1 v 2 (hepatitis B virus : HBV) OHEEHE/LE
HBs PURBGEHI T d 5 25 ETRENH 0, T DEIEE 10 ~ 40 %HHRT
H %, HBs PR T UBs Filk % 7212 HBe B ®HI» 51, £&E -k
BEEROSNTNB Y, 2 TR, EBSAKET 2LFEEICE T, HBs
PURPEM: ¢, HBe btk 213 HBs PR T & 5 BRI 6 0, HBV @
FEHALORB LRI >0 THEHT 5,

i R A 517 B BERRAOES

BEAE R T & % HBs HLEIRYE T HBe Hibk & 7o 13 HBs TolkB Mo B4 %
2010 45 8 I 4r & 2012 45 5 A % T, EILMATIIE L v & — B TR A
W A FENMEESEERER AT Uk 1,120 B2 & LTikET Uiz (38 1), HBs
FEMPRH T, HBehE Tl HBs RGO &, 2% T52%TH -
Too T, fFFHRHIICA B E, BECHNT AERIREhT, COX3IL,
B AN B AL RIE R AT S BRI, A A LA, HIRE ISR 3
KK L AD#ET HBY OBEBRHIS 0, BRELO ) A2 EHT 50 L
LB,
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213 HBe A OB R (BURAWR 4 —HRER)

o | o Hl’:;s’ﬁfﬁ HBs ?ﬁ"%@ HBc iﬁ{z&f‘@i | HBe Witk E ::‘fa‘“'

B4 BEER | HBs HiiAIBUEE) | HBs HADBIER
20 ~ 39 30 1 33 % 2 6.7 %
40 ~ 49 83 - 3 36% - 3 36 %
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® % | 1129 37 33 % 284 252 %

BEISAREY Y & —SERICHT S 2010 8 B~ 2012 4£ 5 BOEEN AbEE:
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(EEE SRR
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(&E DERK)
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BT A BE T, HBs FUREME T, HBs P E 713 HBe FLia B e o BiE
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DTN, BURTWE, [HREIH] « (LR X D FIET 5 B BT HT
4RI 4 v P, IGEEER? SW|RER TR 12 7 HE T, HBV DNA
E1AACLE, 2of V0 dsl ERMEREENS,

F72, BV v ORE, HBV DNA BB U S CHBR Y +u 7%
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Abstract

Background Patients with resolved hepatitis B virus
(HBV) infection undergoing chemotherapy or immuno-
suppressive therapy are potentially at risk of HBV reacti-
vation. However, it remains unclear how liver disease
develops after HBV reactivation. To compare the host
immune response against HBV, we performed immuno-
logical analyses of six HBV reactivation patients.
Methods The numbers of peripheral HBV-specific CD8"
T cells were investigated longitudinally in six HLA-A2-
and/or A24-positive patients with HBV reactivation. In
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addition, 34 patients with resolved HBV, 17 patients with
inactive chronic hepatitis B (ICHB), 17 patients with
chronic hepatitis B (CHB) and 12 healthy controls were
analyzed. The number and function of HBV-specific CD8™
T cells were assessed by flow cytometry using tetramer
staining and intracellular IFN-y production. Furthermore,
the numbers of CD4TCD25™ or CD4 Foxp3™ T cells and
serum inflammatory cytokine levels were analyzed.
Results The frequency of HBV-specific CD8" T cells
was significantly increased in HBV reactivation patients
compared with ICHB and CHB patients. In addition, the
number of HBV-specific CD8% T cells was increased in
resolved HBV patients compared with ICHB patients.
PD-1 expression was decreased in HBV reactivation
patients compared with ICHB and CHB patients. The
numbers of HBV-specific CD8™ T cells and CD47CD25"
or CD4"Foxp3™ T cells were negatively correlated fol-
lowing onset of HBV reactivation.

Conclusions During HBV reactivation, the frequency of
HBV-specific CD8" T cells increased even though the
administration of immunosuppressive drugs and interac-
tions with CD4™ regulatory T cells may be important for
the onset of liver disease.

Keywords Hepatitis B virus reactivation - Cytotoxic T
lymphocyte - Regulatory T cell - PD-1

Abbreviations

HBV  Hepatitis B virus

CTL  Cytotoxic T lymphocyte

SALT Serum alanine aminotransferase
TNF  Tumor necrosis factor

IFN Interferon
MIP  Macrophage inflammatory protein
MCP  Monocyte chemotactic protein
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Introduction

More than 300 million people worldwide suffer from per-
sistent hepatitis B virus (HBV) infection, making the virus
a common cause of morbidity and mortality [1, 2]. Each
year, an estimated one million people die of complications
associated with chronic HBV infection, including cirrhosis,
end-stage liver disease and hepatocellular carcinoma 3, 4].
Viral reactivation in hepatitis B surface antigen (HBsAg)
carriers undergoing immunosuppressive therapy is well
documented, as some immunosuppressive therapies can
enhance HBV replication in hepatocytes at the same time
as they curb host immune responses, resulting in detectable
viremia followed by clinical hepatitis [1]. In general,
although the development of surface and core antibodies
and loss of surface antigen following HBYV infection are
thought to represent clearance of the virus, evidence exists
to support the possibility that the virus may remain latent
within the liver [5, 6]. The course and outcome of HBV
infection are modulated by the host immune response [7,
81, and the loss of immune surveillance can cause reacti-
vation of viral replication and exacerbation of disease
activity. HBV reactivation is a well-characterized syn-
drome marked by the abrupt reappearance or elevation of
HBV DNA in the serum of a patient with previously
inactive or resolved HBV infection [1, 9]. Although the
mechanisms of reactivation and associated liver damage
remain unclear, they may include a rebound increase in the
lymphocyte number following cessation of immunosup-
pressive and myelosuppressive chemotherapy, leading to a
rapid destruction of infected hepatocytes with subsequent
severe hepatitis. As one of the viral factors, it has been
reported that the fulminant outcome of HBV reactivation
can be associated with genotype Bj, which exhibits high
replication owing to the A1896 mutation {10]. Therefore,
although there are increasing reports regarding viral factors
for the mechanism of HBV reactivation, it is still premature
to conclude how the host immune response affects the liver
injury and viral load.

It has been demonstrated that chronic persistent HBV
infection is manifested by cytotoxic T lymphocytes (CTLs)
that are functionally impaired or exhausted [7]. Recent
reports have indicated that PD-1 is markedly upregulated
on the surface of exhausted virus-specific CD8" T cells in
mice with lymphocytic choriomeningitis virus infection
[11] and humans with human immunodeficiency virus
(HLV) infection [12, 13] or hepatitis C virus (HCV)
infection [14]. Based on these observations, we evaluated
the hypothesis that HBV-specific CD8" T cells can restore
their function during HBV reactivation, by analyzing PD-1
expression on HBV-specific CD8" T cells. In a previous
report, we demonstrated that fulminant hepatitis in HBV
patients was responsible for high amounts of interferon
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(IFN)-y production by CD8™ T cells from peripheral blood
mononuclear cells (PBMCs) [15]. Thus, HBV-specific
CD8™ T cells may be responsible for the liver disease at the
onset of HBV reactivation, although a causal relationship
among these events has not been defined.

In this study, we found that the frequency of HBV-
specific CD8™ T cells was increased and the interactions
between these CD8™ T cells and CD4 " regulatory T cells
(Tregs) showed a negative correlation at the onset of HBV
reactivation.

Patients and methods
Patients

Six patients with HBV reactivation from resolved HBV
infection before chemotherapy or immunosuppressive
therapy, 34 patients with resolved HBV, 17 patients with
inactive chronic hepatitis B (ICHB), 17 patients with
chronic hepatitis B (CHB) and 12 healthy controls gave
informed consent to participate in the study. The study was
performed at Tokyo Metropolitan Komagome Hospital
after receiving institutional review board approval
(approved ID number: 714). We defined resolved HBV
infection as serum HBsAg (—), anti-HBcAb (+) and/or
anti-HBsAb (+), ICHB as serum HBsAg (+), HBV DNA
(++) and normal serum alanine aminotransferase (SALT;
5-40 TU/mL), and CHB as serum HBsAg (+), HBV DNA
(-++) and continuous serum ALT elevation (>2 x normal
level). The study protocol and procedures were conducted
in accordance with the ethical guidelines of the Declaration
of Helsinki. The patient characteristics are summarized in
Table 1. The healthy controls comprised six males and six
females, who ranged in age from 32 to 63 years. There
were no significant differences in age between the HBV
reactivation patients and the other groups. The patients
were human leukocyte antigen (HLA)-A2- or A24-positive
and negative for HCV and HIV-1/2.

Sample preparation

PBMCs were isolated from whole blood using Lympho-
prep™ (Axis-Shield, Oslo, Norway). The isolated cells
were washed twice in phosphate-buffered saline (Gibco,
Auckland, NZ) and used immediately. The cells were
cultured in RPMI 1640 medium supplemented with 10 %
heat-inactivated fetal calf serum, 100 U/mL penicillin,
100 mg/mL streptomycin, 50 pg/ml. gentamicin and
2 mM L-glutamine (all from Invitrogen, Carlsbad, CA) at
37 °C in a humidified 5 % CO, incubator, as previously
described [15]. Plasma preparation tubes (BD Biosciences,
San Jose, CA) were used to isolate plasma from whole
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Table 1 Characteristics of the respective patient groups

Number Sex (M/F) Age ALT (U/L) HBV DNA (log/mL)
Healthy volunteer 12 6/6 57 £ 11 25+ 11 -
Resolved HBV 34 18/16 59 4+ 15 33 4+ 20 -
ICHB 17 8/9 55+ 14 33+ 14 394+ 1.8
CHB 17 8/9 53 +£ 11 75 £ 19 554+19
Reactivation 6 373 66 + 12 82 + 66 5.8+ 33

Results are shown as mean &+ SD

ALT alanine transaminase, /CHB inactive chronic hepatitis B, CHB chronic hepatitis B, HBV hepatitis B virus, M male, F female

blood. The plasma samples were frozen and subsequently
thawed for viral load and genotype testing.

Synthetic peptides

Three HBV peptides; HLA-A*0201 core 18-27
(FLPSDFFPSV), envelope 183-191 (FLLTRILTI), poly-
merase 575-583 (FLLSLGIHL), HLA-A*2402 core
117-125 (EYLVSFGVW),  polymerase  756-764
(KYTSFPWLL) and were synthesized by Sigma Aldrich
(Hokkaido, Japan).

Major histocompatibility complex (MHC) class I
tetramer staining

Patients expressing HLA-A2 or A24 were assessed for
antigen-specific responses to HBV by tetramer staining.
For the staining, phycoerythrin (PE)-conjugated HLA-
A*0201-restricted HBV core (FLPSDFFPSV) and HLA-
A*2402 HBV core (EYLVSFGVW) HBV polymerase
(KYTSFPWLL) were purchased from MBL (Nagoya,
Japan).

FACS analysis

HLA typing was performed by staining PBMCs with
fluorescein isothiocyanate (FITC)-conjugated anti-HLA-
A2 and PE-conjugated anti-HLA-A24 antibodies (MBL)
according to the manufacturer’s instructions. PBMCs were
surface-stained on ice for 20 min with the following
monoclonal antibodies: FITC-conjugated anti-human
CD62L, anti-PD-1 and anti-CD25 (BD Biosciences);
PE-conjugated anti-human Foxp3 (eBioscience, San Diego,
CA); and PE-Cy5-conjugated anti-human CD4 and anti-
human CD8 (BD Biosciences). For intracellular staining,
isolated PBMCs were incubated with peptides (10 pl/mlL.)
in the presence of human recombinant IL-2 (50 U/mL) and
1 pl/mL of BD GolgiPlug protein transport inhibitor (BD
Bioscience) for 4 h. After incubation (37 °C, 5 % CO,),
cells from each well were stained with PE-Cy5-conjugated
anti-human CD8 (BD Biosciences). Prior to staining with

intracellular antibodies against PE-conjugated anti-human
IFN-y, cells were fixed and permeabilized by adding
Cytofix-Cytoperm (BD Pharmingen). Cells were acquired
by FACS scan (BD Biosciences), and the data was ana-
lyzed using FlowJo software (Tree Star, Ashland, OR).

Cytokine and chemokine profiles

Bio-Plex Cytokine Assay Kits (Bio-Rad Laboratories,
Hercules, CA) were used to measure the amounts of
cytokines and chemokines in sera in accordance with the
manufacturer’s instructions. Specifically, we used the Bio-
Plex Human Cytokine 17-Plex Panel. The resulting sam-
ples were analyzed in a 96-well plate reader using a Bio-
Plex Suspension Array System and Bio-Plex Manager
software (all from Bio-Rad Laboratories).

Serum HBYV assay

The serum HBV DNA concentrations were quantified
using the COBAS AmpliPrep/COBAS TagMan HBV Test
(Roche Diagnostics, Basel, Switzerland). The four major
HBYV genotypes (A-D) were determined by enzyme-linked
immunosorbent assay with monoclonal antibodies directed
against distinct epitopes on the preS2-region products using
commercial kits (HBV GENOTYPE EIA; Institute of
Immunology Co. Ltd.,, Tokyo, Japan). HBV DNA
sequences bearing the core promoter and precore or core
regions were amplified by PCR with hemi-nested primers.
The PCR products were directly sequenced by the
di-deoxy-chain termination method using a Big Dye
Terminator Kit and an ABI PRISM 3100-Avant Analyzer
(both from Applied Biosystems, Foster City, CA).

Statistical analysis

Data are shown as mean & SD. The data were analyzed by
the nonparametric Mann—Whitney or Kruskal-Wallis tests
or ANOVA using Prism 5 for Macintosh software
(GraphPad, San Diego, CA). Values of P < (0.05 were
considered to indicate statistical significance.
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Table 2 Characteristics of HBV reactivation patients

Patient Sex Disease HBsAg HBsAb HBcADb Chemotherpy/ HBV HBVcore/precore
Immunosuppressant genotype mutation
#1 Female ALL, BMT - + + PSL, FK C -
#2 Male AML, BMT - + + PSL, CsA C —
#3 Male Eso.ca - + + SFU + CDDP C -
#4 Male B cell lymphoma - + + R-CHOP B —
#5 Male B cell lymphoma - + + CHOP B —
#6 Female T-LBL, BMT - + + Anthracycline + AraC B -

ALL acute lymphoblastic leukemia, BMT bone marrow transplantation, PSL prednisolone, FK tacrolimus, CsA ciclosporin A, CDDP cisplatin,
SFU 5-fluorouracil, R-CHOP rituximab, cyclophosphamide, doxorubicin hydrochloride (hydroxydaunorubicin), vincristine (oncovin), and

prednisone, AraC cytarabine

Results
HBYV reactivation patient profiles

We identified six patients with HBV reactivation (Table 2).
Patients with malignant lymphoma and bone marrow
transplantation for leukemia were observed, and treatment
with rituximab, which is a well-known inducer of HBV
reactivation, was encountered in the case of one patient
(patient #4). There was no sex difference regarding the
incidence of HBV reactivation. All patients were negative
for HBsAg and positive for anti-HBc and anti-HBs anti-
bodies as HBV-related markers. In addition, three patients
were HBV genotype C and one patient was genotype B. No
core and precore promoter mutations were detected in the
patients. All patients received entecavir (0.5 mg/day) when
serum HBV DNA was initially detected or sALT elevation
was observed.

Serum inflammatory cytokine and chemokine levels

To determine whether the serum cytokine and chemokine
levels correlated with the development of HBV reactiva-
tion, we examined the concentrations of various cytokines
and chemokines. We measured serum cytokine/chemokine
levels at the time of diagnosis of HBV reactivation. In the
groups, serum was isolated prior to chemotherapy or anti-
viral therapy.

The data for the serum cytokine and chemokine levels
are shown in Fig. 1. Serum IL-1§ was significantly higher
in resolved HBV patients (median, 0.32 pg/mL; range
0.10-0.75 pg/mlL.) than in healthy controls (median,
0.17 pg/mL; range 0.04-0.43 pg/mL) or ICHB patients
(median, 0.17 pg/mL; range 0.09-0.24 pg/mL). Serum
IL-7 was elevated in resolved HBV patients (median,
6.4 pg/mL; range 0.54-28.12 pg/mL) compared with ICHB
patients (median, 3.2 pg/mL; range 0.54-12.6 pg/mlL) or
CHB patients (median, 3.13 pg/mL; range 0.29-5.16 pg/mL).
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There were no significant differences in serum IL-6 among
resolved HBV, ICHB, CHB and HBV reactivation patients.
Serum IL-8 and MCP-1 were significantly increased in
resolved HBV patients (IL-8: median, 12.5 pg/mL; range
5.15-34.2 pg/ml; MCP-1: median, 75.2 pg/mL; range
0.7-300.23 pg/mL) compared with healthy controls (IL-8:
median, 5.24 pg/mL; range not detected—17.46 pg/mL;
MCP-1: median, 23.3 pg/mL; range not detected—
48.51 pg/mL) and CHB patients (IL-8: median, 7.25 pg/mL;
range 1.13-23.84 pg/mL; MCP-1: median, 21.8 pg/mlL;
range 3.49-58.66 pg/mL). Although circulating IFN-y was
detected at very low levels in all samples, ICHB patients
exhibited significant suppression of serum IFN-y. Regard-
ing HBV reactivation, serum G-CSF was slightly increased
compared with healthy controls.

Comparison of HBV-specific CD8" T cell frequencies

The development of hepatitis with HBV infection is med-
iated by antigen-specific CTLs [7]. To compare the fre-
quencies and phenotypes of HBV-specific CD8" T cells
from PBMCs, 16 HLA-A2- and 19 HLA-A24-positive
resolved HBV patients, 9 HLA-A2- and 11 HLA-A24-
positive ICHB patients, 11 HLA-A2- and 13 HLA-A24-
positive CHB patients, and four HLA-A2- and four
HLA-A24-positive HBV reactivation patients were exam-
ined using a panel of three MHC class I tetramers con-
taining frequently detected HBV epitopes (A2 core, amino
acids 18-27; A24 core, amino acids 117-125; and A24
polymerase, amino acids 756-764) (Fig. 2a). The fre-
quency of peripheral HLA-A2 core-specific CD8" T cells
was significantly higher in HBV reactivation patients than
in ICHB and CHB patients (Fig. 2b, upper panels). Inter-
estingly, the frequencies of HLA-A2 core-specific CD8™
cells were also significantly higher in resolved HBV
patients than in ICHB patients, indicating that HBV-
specific CD8" T cells are circulating even though serum
HBV DNA was not detected. Consistent with these data,
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Fig. 1 Serum concentrations of cytokines and chemokines. Serum
cytokines and chemokines were measured at the time of diagnosis in
HBV reactivation patients and prior to chemotherapy or antiviral
therapy in the other groups. The serum concentrations were compared

the frequencies of HLA-A24 core- and polymerase-specific
CD8™ T cells were significantly higher in HBV reactiva-
tion patients than in ICHB and CHB patients.

In addition, to evaluate the functional profile of HBV-
specific CD8" T cells we analyzed intracellular IFN-y
production following stimulation with five peptides.
Although we did not observe a significant difference in the
numbers of IFN-y producing cells in HBV reactivation
patients by HLA-A2 core peptide stimulation, similar
results were obtained by tetramer staining following HLA-
A24 core and polymerase stimulation (Fig. 2b). We also
observed that the number of IFN-y producing cells in HBV
reactivation patients increased by HLA-A2 envelope pep-
tide stimulation (supplementary Fig. 1). These results
demonstrated that the frequency of functional HBV-spe-
cific CD8™ T cells increased in HBV reactivation patients
compared with ICHB and CHB patients.

It was demonstrated that the frequency of circulating
CD4TCD25™ Tregs significantly correlated with the serum
viral load in severe CHB patients [16]. To determine
whether CD47CD25" and CD4"Foxp3™ Tregs contribute
to liver injury during HBV reactivation, we monitored their

among healthy controls, resolved HBV patients, ICHB patients, CHB
patients and HBV reactivation patients. *P < 0.05, significant
difference between the linked items

numbers in PBMCs. The numbers of CD47CD25" and
CD4%Foxp3™ Tregs had a tendency to be low in HBV
reactivation patients compared with the other groups,
although the differences were not significant (Fig. Zb,
lower panels).

To confirm the inverse correlation between the per-
centages of HBV-specific CD8" T cells and the percent-
ages of CD4 7 Foxp3™ T cells, we assessed these cells in all
patients. As shown in Fig. Zc, a significant inverse corre-
lation was not detected in all patients (white circles),
whereas an inverse correlation was noted in HBV reacti-
vation patients (black dots).

PD-1 and CD62L expression on HBV-specific and total
CD8" T cells

The function of antigen-specific CD8™ T cells is impaired,
termed “exhaustion,” during persistent chronic infection
diseases like HBV [17], and exhausted antigen-specific
CD8™ T cells express high levels of PD-1 and low levels of
CD62L [18]. Based on these findings, we evaluated the
expression of PD-1 and CD62L on total CD8 T cells and
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