BEFBNFMARMGE
TA XYRARBR

HIV BREFINTIZAOBIE LV
HIV 5 RevMREEE THIIC &3 11 XREEE
R ORI SR

wrtkEE (Kik  #HA|
FH21(2009%) 38




BA G BRI FHERMEEE
TAZX R FEER

HIV ReeF N~ 2O B LI
HIV % RAMREGEM T MIRIZXD A X RIEBIE
P OfRAT B3 A5

205 MRIEFAEHRES

MRRKRE ik &=

F¥rk21(2009) 43 H



HK

. BRI ERE

HIV BEF N <7 AOB B LU HIV FROMBEFSE T RIS A XRE
BEMFEORTICEIE ——————————————— 3
ek E i sl (BAKRFEAXFENE LY — COEVH—F-TIrxTA})

II. FERROFTICET 55— KX — 11

I11. FFZER R OTIITH - HIRI 13



I. MIEFE @S &



JFAE S @R F ER MBI & (= A XX RIS 3)
ISR S &

HIV BPET N <7 20O B LI HIV S REHIIEEM T MIIRICES
TA XBIE B IER - O fEAT IZ B3 B2

MRREE: (ol B (BAREALEFRE LY — COEVY—F -7/ Ah)

HREE

B HIV Bl c B 5% &N EBLUREORITHRETHLE B OUL2LLT, s EH
Vs HIV e EBRZ ARSI SN TUVWARVWERETLNS, FITeME=YRIZLS HIV B§EFRD
Besra HiEL, #ii-letosle R 2~7 R (NOD/SCID/Jak3 /o277 k=D A (LLF NOK =7 A)) ek
T o PR A AL T, EMRIEER T A (hu-NOK) Z#ERILT-, Hu-NOK =7ATIE, K
iz CD19 Bt BMIfE 3 L UfE R CD3 B TAERL O R AEAGED B 10 HLL_EREGH) I ZE A
THIERE LML, B4ELIENTHIIE CD45RA+CCR7+CD27+CD28+DF A — 7 B
ZRLIEERTHIR A EL &S Eh =T A (Tn #f) &, CD45RA-CCR7-CD27+CD28+Dx 7 = 7 ¥ —AF
D—FHRLRLIERTHAZLEENT-7 VA (Tem #) DI NDHIEAHBHLE, L
L2, WTFho=IRAE0nWTh 7 =24 —RARERL-MAERITRD bhish oz, =
AN AB YA ORERR T Lo B — T2V S Z A LD EBER LA —T 2 ™ TT Y
ALAT TF7 A LB OHAETHETEE, —7F. PMA/lonomycin #|#icLDEr CDSTHiM
DY A A PFEAREEZRT2EZS, Tem B CDETHIA Tk &MY A b A (TNF-alfa,
IFN-gamma, 1L-2) BEARER T L. ZThoOAERIL hu-NOK7 DA TRALLERTHIMGIE =7 =
78 —AE)—TRESTHDILO0, FIZH L TORIGHREIAZEND, =7z 77— A€ —R B
BETOIERRMEITEZ>THEY, KVErORBIEEIZEVEME-TRIZES HIV RS O#E L
HTELHAREM AR LT,

A BFREBN L=, —F. Bl HIV B35t A 5 s

EWlizhl=oT HIV O MZ 51012k
HIV RS T MiRizLov /A
RMROPERSAEE THLHI LTI bR T
5, YHFEZETIE, REIZblzo T A X%
FELARUN HIV BHE A BIER (250 HIV §)AEH)
fllfEZ R T MR S5 T M (CTL) O BB Z A%

BIUWEOMATSEBECHIEBOVLESLL
T, /NEV ARV HIV BB R A SN
TWRWENETLOhS, ZZ T4, Fk
I A= A (NOD/SCID/ Jak3 /o2 7ok
<A (LA FNOK =7 R) ) EHML | e N i
RBHIBABRILE-LIA, vTAEAIZB T



HIV-1 DEEH#IR TéHhHE R CD4 T Mk 3 L UHE
fafsErERHESEh CD8 T RO R A | ZpTh L7,
FITAATIL, 1. NOK =72 THIIL-ER
REMEIVRAIBTOEBAREBOD. B
A L7-ENTHIRED 7L - BIEZARATL | fefflifa
DL 23— R —[ZOWTRATT5, 2. B HIVIR
RIZ BT DREIEE LR BETORIF L O
123270, ehEAME NOK =D RITBITD
HIV R ORES, BLU, HLA BB ENRHHE
H NOK =7 AZBSIL, HIV s~ R 26115
HIV-1 #52#) CTL OEEARELTT 5, 3. Shiz
Rx DBEOREITE-SL LVRRMA HIV-1

FRY CTL Zo—r OB ALY, HIV BEioxt
TERENE B LU REMERIEDZ RO
THEEHT5. ABFETHITS HLA BHek
e ME~T AT, ehoiE - R R ERESLL
TRz RIRE L A2 SR CO R - B E L AR TR
TE . SETOETFTNAIALVRBLI- o

ROMENTRETHS, ik HLA ~Fos o
T A XEITOMBEBHET ViTEW TR
MTEDEPENTEY. ZhEDFHFRABLT,

T A XFEIEBEFF O M7 ARAT & 57 B A XTE 9
HEORBIZRKEHMTDILEAARNRDOHT

0D,

B. BF%EG %
bR E T AL AT, NOK =7
AlZ@HIfE D —A—THHCDM LT H5F R
AR S T — PN RRE —XEL LT, ¥
7 i BLEEER L0 R L8R Mifa 2 4y BEL , NOK
DADFHAEFOATI~BALZ (1), B
5 10 @i, =V AORBRIVFEMEZL. T 4
MDA FKEM~ T, TETHROES PR TE
T=w DA%, BN 20 WM. MRERE M kE iR
L. HIV-1 OFER#IRTHD CDA T MK
fafEMETHIR Cihs CDST HIfEA 2 Te st
fam 4 sl i, BIU, ThoOMiEin
2T, CD HiR, Yo BRoME~—H— A
b FICREROHELL BT a—HAb
A—H—|ZTHATL, EMUERE TR ZBI1T5
e MaDL A— R ) — 2OV TR L7,
(fii 28 i ~ D)
AR BE R ROBREOME LT
REAT . 3 LOBRAL B FE AT (BREF) DA L 7=
i A4 1, B AR BRIXHR T (ot L CBEIC A 74—
LR ATV LOTHY, RIFFICE

B Ak
CD34*#ERY
Hu-NOKZ™ R
NOKZ™Z i
WERF 10 weeks ~ e
AN >
Necies
et
PBL, Spleen ##EH
NOK= 2 A O ¥ & fF D FF kI <
b M B ECDI4 A B A TR DL .

CDSTHERAMD 531k, HREEMRHT




STHICREFICRERITT LB Y
REOHAFEERSICTRBELTHD, F
= B ERIZOVWTLEEIC S RF OB KSR
ZRS|ITTEAREDLTH D,

C. BrEsE#

NOK =7 A 4 AF O FFili 2 CD34 BTt 3y
MmEMEaEZBRL- <72 Tk, B2TRT I,
FHY I P IZEhBAIIS B 2 Bz CD19 Myt
faBLUerTH#uEE b/ CD3 Btk o
BEBRDOOENT, TOREREIBMAE. T
AR TIT 10 LA LIAF Iz, Lol
G, ETHIKO RS T BMaDEh
S THIZODIRETCHAILN B LA
f=o ENTHIBARBALEZ-IABIZEHWT, Eb
THIKOSHE - B O FEM2MATAIT 1L 25,
CD8 THIMIFBLTXCD4 THIRROMEFIZE T,
CD45RA+CCRT+CD27+CD28+ D F A — 7 £ B
R LI=THBRNZ{EERE~wUA(Tn B) &
(23) . CD45RA-CCR7-CD27+CD28+D 7 =¥
H— A —RBBAR LTRSS Z< & EN
7 Z(Tem BE) O2BEIC D NAZEAHIHA L
(F—#mR&Y), Lil, =7zr¥—THika%
MRS LR #A o, FEFTHRERD
AERRIT 2T o TR L v A /L AR B A i 0D 1
BR TFLRBR—THV LV T A LOEBER
OB =73V ™ TP LLA T
WALB OEMAETHETHIIENTE(E
4), —7%, PMA/lonomycin #ll#izL% CD8 T
MDY A NA  BEAEREE AL 25, Tem BR
@ CD8 THIK TILAFVAFH 4> (TNF-alfa,
IFN-gamma, 1L-2) E4:fE% <L (45), Tn BRD

CD8 THR TIZTENODEAELRIRN-T
(F—F7xt),

D. %

NEME RO HIV B REBROMIT, &
1 HIV BB A REICE B LU RO AT
EOffELT AL, AFICKH R, &
i, MEOFAFTRELELTOHNALSLF 30 P
—zba BB LU THFESN, e el
IR AW RIZEICENATHEST
Wa, LLedis, ehMefmag -~ A& fuv:
HIV Biee7 Lo x&blbston, R
i) HIV ML ERRE T V20 HIV =7 A2
135 HIV-1 $ 249 CTL OBEORAT ISV TD
EFRREEN TV Y, 2 5 EVTH
% NOK =7ARIZXAEh st~ AT, B
= AOFME M P IzeFBMifaE LTI
LEZLNAREMBOREITEDLNLA, B
MO AR IO THMROENIIH25D
\REThoTo. ZHNIITHIE LT DERIC
VERMRIC BT AEE Lo TP THADIE
DBRAENAZLNTZE (FPAMHC LER TCR D
BREARA—B) 8 26NS, KM T Mk
i%, COSTHIMI IS LUt CDATHIRE D i F T
JEH328E (Tn, Tem) (25, =7 =27 —THIKL®D
HHITREE T DI LB kot ShIZHEGE
BTN —=TZ 4y ™ ST FAL DAY ST
WA LB OEMETHRE TS, ZORMIL
72— AR TRBEETHLHILMS
., hu-NOK <UATREAELTWAEFTHIIZ
T2 F—AE)—RAFETONEICH E
TWAZLARB ML, —H ., Tem LD



CD8 THIM1IX PMA/lonomycin RIEIC > TH& R
YA A L EARERRLEZZEME, THIRROE
sEiifEAR2WEEZLNS, Hu-NOK =U
ZOEPTHAA 7 27 ¥— AT ) — KRB TH
$RHHLLT, vV AOSPFHEBRIEICHEEN
»HHEEZLND, SPFHETHFRILTIXEbDAERE
BREICHE IV —RRRETHDI LD, ERE
HRFERES LRV ERDbND, FDRD,
R MO THEIEE e EER NI ERE
26D, HIV BR300 BT HIV
HERM CTL OBRES IV EBE L2 D78, EFTH
ROE®LMHEITLBEREHTHD, 0D,
SHEIZPURRIRIC A T2 TRHIRO 1L - BFER
WATTHIL, ABIZ HLA RBBEMeEiMgi~o A

TR B TATHROBE D IERIZiThh,

LAETOETN=UALYRBL-E M RO
HONETRETHDHLE 2, BITE HLA-B51 B3 NOK
<7 A (NOK/B51Tg =7 R) i h Th o,

E. 5

AWFFECiE, EH HIV Bz BT 500 %E
LIRMEHEIT OB T 2B T A, vV A
£% HIV BFR OB, BLU, HLA B3HEME:
AN~ 2B, HIV BiewrRIBITS
HIV-1 $8H CTL OEMEXRREITL . Biiic
HIV-1 R CTL Zu—r OB AIZ LB R
REREODRIZ>WTORHEHET. kb
GEME~ AL LW EHRIREEICERNAT
b ESTVAA AR THILT S HLA BER
A7 2T, EhOTEM - HERAREIL
=B RIREL 22 B AR T O e ED R TE,
LSETOET A=Y ALNRBLZEMEETR OM

EHAETHY, T HLA "ToFd( T x4 X
HEATOHBEBHEF BV THRNTESA
Wb, 5ED T/ XEMFRIZKESHMRT ST
EHWFFTES,

F. fEEfapRinE

7L,

G. FERE

IMRELE (ATBFE R &)

1) @&

1. Kitano M, Kobayashi N, Kawashima Y,
Akahoshi T, Nokihara K, Oka 8,
Takighuchi M. Identification and
characterization of
HLA-B*5401-restricted HIV-1-Nef and

Pol-specific CTL epitopes. Microbes.

Infect. 10:764-772, 2008.

1. Kobayashi N, Takata H, Takiguchi M.
The immature differentiation of human
T cells in humanaized NOD/SCID/Jak3"
9th Kumamoto AIDS Seminar,
Aso Resort

mice.
September 18-19, 2008.
Grand Vrio Hotel, Kumamoto, Japan.

H. SR EHE O HE - BERT (FEZ
ale,)
2L,



mCD45

% of hCD45* cells
o 8888

2. NOKTHRIZHTAEMTHBEO EHME

P Hu-NOK PBL Human ~————— Hu-NOK PBL
10w 10w 12w 1Tw
0 35 hCD45 38 12
-]
_geted a -
| 3 » |
% 55 56 ’ 61 87
hCD45 cD3
1 CD3 gated
-
::j Hu-NOK PBL
—— 14 10w 12w 17w
—a 56 74
=4 - | e
u ¥
= — 65 S 43 23
10 12 14 16 18 cos

weeks

BE3. Hu-NOKT™ RIZ#(+HERCDSTHIE 5 1L O R 47

CD45RA" CD45RA*
Memory Naive
rffnctur rl'l’oclor
59 73
Human E N Pt B ¢ o
cDeT © (= s '
o MEE o
18 23
82 72
Hu-NOK o 2
CDB8T
0.4 9
CcD28




B4. Hu-NOKT O RIZHTHERCDSTHIRA D RERR T

CD8 T cells

n
I i 2 0 88 6 39 61
Human ' =y '
cD8T _

Hu-NOK
CDsT

Granzyme A
g | =

BS5. Hu-NOKT I RIZH+HERCDSTHIRA D YA b hA 2 BE S RE D AR AT

f A —— none

|

I 55| /\ ¢ [\ —21 — puasiono
Human H |\ I
CD8T jf -1 ,’( | /]

\ / \ /
)\ AR \
f'l ' i
| 93 g 1 18 4
Hu-NOK J'] ! 415 &R [
CD8T i [ /'
{ |\
|r || ‘/"l | / I'II
IFN<y TNF-a IL-2



B6. Hui-NOK (EMMER ™ R)IZEI1THERCDSTHIRED 731E . HEERITOELD

Human
CD8T

Eee S T e |
6% %%

[¥ cD27 7 CD28 | CD45RA W CCR7 W CCRS ws CXCR1 e Perforin

PerlowGraA*GraB*

Hu-NOKY 2 AMDErCDSTHIRRIE. BB JUBEERITN LI IIVF—AF)—
ERRETHELTWACEN BN ELEST-,

10



II. PR EDOFIITICEET—BR

11



RER (BT EERFEE)

RERFRAL i Z A b4 BREL o ~—30 | HRRE
Kitano M, Kobavashi | Identification and Microbes. 10 764-772 | 2008
N, Kawashima Y, characterization of Infect.

Akahoshi T, Nokihara
K, Oka S, Takighuchi
M.

HLA-B*5401-restricted
HIV-1-Nef and
Pol-specific CTL
epitopes.

12




I11. BFZEREDOFIITH - BRI

13



Y
INSTITUT PASTEUR

Microbes and Infection 10 (2008) 764—772

www, elsevier com/locate/micinf

Original article
Identification and characterization of HLA-B*5401-restricted
HIV-1-Nef and Pol-specific CTL epitopes

Mitsutaka Kitano *', Naoki Kobayashi *', Yuka Kawashima *, Tomohiro Akahoshi *,
Kiyoshi Nokihara ¢, Shinichi Oka "¢, Masafumi Takighuchi “*

* Division of Viral Immunology, Center for AIDS Research, Kumamoto University, 2-2-1 Honjo, Kumamoio 860-0811, Japan
" Division of Infectious Disease, Center for AIDS Research, Kumamoto University, 2-2-1 Honjo, Kumamoto 860-0811, Japan
€ AIDS Clinical Center, International Medical Center of Japan, 1-21-1, Toyama, Shinjuku, Tokyol62-8655, Japan
“ HiPep Laboratories, Nakatsukasacho 486-46, Kamigyo-ku, Kyoto 602-8158, Japan

Received 14 March 2008; accepted 11 April 2008
Available online 22 April 2008

Abstract

The identification of HIV-1 cytotoxic T lymphocyte (CTL) epitopes presented by each HLA allele and the characterization of their CTL
responses are important for the study of pathogenesis of AIDS and the development of a vaccine against it. In the present study, we focused
on identification and characterization of HIV-1 epitopes presented by HLA-B*5401, which is frequently found in the Asian population, because
these epitopes have not yet been reported. We identificd these cpitopes by using 17-mer overlapping peptides derived from HIV-1 Gag, Pol, and
Nef. Seven of these 17-mer peptides induced HLA-B*5401-restricted CD8" T cell responses. Only five HLA-B*5401-restricted Pol- or Nef-
specific CD8”" T cell responses were detected in the analysis using 11-mer overlapping peptides. Three Pol and two Nef optimal peptides
were identified by further analysis using truncated peptides. These epitope-specific CTLs effectively killed HLA-B*5401-expressing target cells
infected with HIV-1 recombinant vaccinia virus, indicating that these peptides were naturally processed by HLA-B*5401 in HIV-1-infected cells.
These epitope-specific CD8" T cells were elicited in more than 25% of chronically HIV-1-infected individuals carrying HLA-B*5401. There-
fore, these epitopes should prove useful for studying the pathogenesis of AIDS in Asia and developing a vaccine against HIV-1.

@ 2008 Elsevier Masson SAS. All rights reserved,

Keywords: Cytotoxic T lymphocytes, Epitopes; HIV-1

1. Introduction

Human immunodeficiency virus type 1 (HIV-1)-specific cy-
totoxic T lymphocytes (CTLs) play an important role in HIV-1
infections [1—4]. Previous studies demonstrated that HIV-1-
specific CTL can inhibit viral replication in vitro [5.6] and
that depletion of CD8" T cells by an anti-CD8 mAb results
in failure of the clearance of the virus in rhesus macaques in-
fected with chimeric simian/human immunodeficiency virus

Abbreviations: CTL, cytotoxic T lymphocytes; HLA, human leukocyte
antigens.
* Comesponding author, Tel.; +81 96 373 6529; fax: +81 96 373 6532.
E-mail address: masafumi@kumamoto-u.ac jp (M. Takighuchi).
! Equally contributed to this study.

1286-4579/% - see front matter © 2008 Elsevier Masson SAS, All rights reserved.

doi:10.1016/.micinf. 2008.04.006

[7]. These studies suggest that the CD8" CTLs contribute to
viral clearance and disease progression in HIV-1-infected indi-
viduals. Although high HIV-1-specific CTL activity is de-
tected in the early phase of infection in HIV-l-infected
individuals, CTL escape mutants are selected by these CTLs
[8.9]. The patients in which these HIV-1 escape mutants ap-
pear may progress to AIDS. The CTL escape mutants are se-
lected by strong immunological pressure via HIV-1-specific
CTLs [10], and the disease progression to AIDS is associated
with HLA class I alleles [11,12]. Therefore, the characteriza-
tion of HIV-1 epitope-specific CTLs is important for under-
standing the pathogenesis of HIV and developing an AIDS
vaccine. However, the number of identified HIV-1 CTL epi-
topes is limited and CTLs specific for a restricted number of
epitopes have been investigated in detail.
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To identify HIV-1 epitopes, we previously used the strategy
of reverse immunogenetics: (i) identification of the motif of
HLA class I-binding peptides, (ii) selection of sequences
matched to the motif of HLA class I-binding peptides from
HIV proteins and synthesis of peptides, (iii) identification of
HLA class I-binding HIV-1 peptides by a peptide-binding as-
say such as the HLA stabilization assay, (iv) induction of CTL
by HLA class I-binding peptides in PBLs from HIV-1-infected
individuals. We identified many HIV-1 CTL epitopes by using
reverse immunogenetics and showed that it is a useful method
to identify HLA-class-I-restricted HIV-1 epitopes [13—19].
However, some CTL epitopes may not be identified by this
method, since some reported epitopes do not match the motif
[20,21]. Identification of CTL epitopes by using overlapping
peptides is another useful method [22—26], This method is ad-
vantageous to identify epitopes that are inconsistent with HLA
class I-binding motifs.

HLA-B54 is one of the serotypes in HLA-B22, which is
a common allele in Asia. HLA-B*5401 is the only genotype
of HLA-B54 in the Japanese population and is found in ap-
proximately 13% of the Japanese [27]. Therefore, the identifi-
cation of HLA-B*540]1-restricted HIV-1 epitopes is important
in studies of immunopathogenesis and for vaccine develop-
ment in Asia. So far, no HLA-B*5401 HIV-1 epitopes have
been reported.

In the present study, we utilized 17-mer overlapping pep-
tides to identify HLA-B*5401-restricted HIV-1 epitopes be-
cause those that are inconsistent with HLA-B*5401 motf
can be identified by the method using overlapping peptide.
Only Pol, Gag, and Nef were focused upon in the present study
because these major proteins provide many CTL epitopes, and
they are considered as vaccine targets. CD8" T cells specific
for HLA-B*5401-restricted HIV-1 epitopes were further inves-
tigated in chronically HIV-1-infected individuals to clarify the
immunodominancy of these epitopes.

2. Materials and methods
2.1. Patients

Blood samples were obtained from HIV-1-seropositive in-
dividuals carrying HLA-B*5401. The study was approved by
the ethics committees of Kumamoto University and the Inter-
national Medical Center of Japan. Informed consent was ob-
tained from all subjects according to the Declaration of
Helsinki. Peripheral blood mononuclear cells (PBMCs) were
separated from whole blood.

2.2. Cells

The EBV-transformed B-lymphoblastoid cell lines (B-
LCL) were established by transforming B cells from PBMC
of laboratory volunteers and an HIV-1-seropositive individual.
The PBMC were plated at 3—4 x 10° cells per well in flat-bot-
tomed 24-well plates in RPMI-1640 medium supplemented
with 2 pg/ml cyclosporin A and the supernatant derived
from B95-8 cultures. CIR cells expressing HLA-B*5401

(CIR-B*5401) were generated by transfecting CIR cells
with the HLA-B*5401 gene. The CIR-B*5401 cells were
maintained in the RPMI-1640 medium containing 10% FCS
and 0.2 mg/ml of ncomycin.

2.3. Synthetic peptides

We designed a panel of 281 overlapping peptides consisting
of 17 amino acids in length and spanning Gag, Pol, and Nef of
HIV-1 clade B sequences. Each 17-mer peptide was overlap-
ped by at least 11 amino acids. The 281 peptides were synthe-
sized by utilizing an automated multiple peptide synthesizer.
Several peptides having difficult sequences were manually
synthesized by monitoring of peptide-chain elongation. All
peptides were purified by high-performance liquid chromatog-
raphy (HPLC). The purity was examined by HPLC and mass
spectrometry. Peptides with more than 90% purity were used
in the present study.

2.4. Induction of peptide-specific T cells

The peptide-specific T cells were induced from PBMCs of
HIV-1-seropositive individuals carrying HLA-B*5401. PBMCs
were cultured with each peptide cocktail including eight kinds
of 1 uM 17-mer peptides (totally 8 uM) or each 17-mer single
peptide (1 uM) in culture medium (RPMI-1640 containing
10% FCS and 200 U/ml IL-2). Two weeks later, they were
used in intracellular IFN-y staining assays or CTL assays.

2.5, Intracellular IFN-v staining assay

After B-LCL, CIR-B*5401 or CIR cells had been incu-
bated for 60 min with each peptide cocktail containing eight
kinds of 1 pM 17-mer peptide (totally 8 uM) or each 17-mer
single peptide (1 pM), they were washed twice with RPMI-
1640 containing 10% FCS. These peptide-pulsed autologous
B-LCL (2x 10° cells per well) and peptide-stimulated
PBMCs cells (1 x 10° cells per well) were added to a 96-
well round-bottomed plate, which was incubated for 2 h. Sub-
sequently, Brefeldin A (10 pg/ml) was added, and incubation
was continued for an additional 4 h. After the cells had been
stained with anti-CD8 mAb (DAKO Corporation, Flostrup,
Denmark), they were fixed with 4% paraformaldehyde at
4 °C for 20 min and then permeabilized with PBS containing
20% newborn calf serum (Summit Biotechnology, Greely,
Co.) and 0.1% saponin (permeabilizing buffer) at 4°C for
10 min. Thereafter, the cells were resuspended in the permea-
bilizing buffer and then stained with anti-IFN-y mAb (BD
Bioscience, CA, USA). The cells were finally resuspended
in PBS containing 2% paraformaldehyde and then the percent-
age of CD8" cells positive for intracellular IFN-y was ana-
lyzed by FACSCalibur (BD Bioscience).

2.6. CTL assay

The cytotoxicity of HIV-1-specific CTL was measured by
the standard *'Cr release assay. The HLA-B*5401" B-LCL
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infected with recombinant vaccinia virus encoding gag/pol, or
nef gene of HIV-1 SF2 or WT vaccinia virus were used as tar-
get cells. Target cells were incubated for 60 min with Na3'
CrO4 (150 uCi) in saline, and washed three times with
RPMI-1640 medium containing 10% NCS. The labeled target
cells were added to each well of a 96-well round-bottomed
plate with peptides and they were incubated for 1 h at 37 °C.
Then, HIV-1-specific bulk CTL or clones as effector cells
were added to the target cells and the mixtures were incubated
for 4 h at 37 °C. The supernatants were collected and analyzed
with a gamma counter. The spontancous *'Cr release (cpm
spn) was determined by measuring the cpm in the supernatant
in the wells containing only target cells. The maximum release
(cpm max) was determined by measuring the release of *'Cr
from the target cells in the presence of 2.5% TritonX-100. Per-
cent specific lysis was calculated as follows: percentage spe-
cific lysis =100 x (cpm exp —cpm spn)/(cpm max —cpm
spn), where cpm exp is the cpm in the supernatant from wells
containing both target and effector cells. In another experi-
ment, labeled CIR-B*5401 cells were pulsed with various
concentrations (0.1—10% nM) of the corresponding peptide.

3. Results

3.1. Induction of HIV-1 peptide-specific CD8" T cells by
using 17-mer overlapping peptide cocktails from PBMCs
of chronically HIV-1-infected HLA-B*5401" individuals

PBMCs from KI-119, a chronically HIV-1-infected HLA-
B*5401" individual, were stimulated in vitro for 12—14
days with Gag, Pol, and Nef peptide cocktails including eight
17-mer overlapping peptides. IFN-y production by each bulk
culture in response to autologous B-LCL pre-pulsed with the
corresponding peptide cocktail was assessed by staining for in-
tracellular IFN-y. Bulk cultures from KI-119 responded to six
Gag, seven Pol, and three Nef cocktails (data not shown). To
determine which peptides in the each cocktail induced the spe-
cific CD8" T cell, we stimulated the bulk cultures with autol-
ogous B-LCL pre-pulsed with single 17-mer peptides found in
the cocktails. Twelve Gag, nine Pol, and four Nef peptides in-
duced CDR" T cells to produce IFN-y (data not shown).

3.2. Candidates of HLA-B*5401-restricted
17-mer peptides

HLA restriction of the T cell response specific for these 17-
mer peptides was subsequently determined by using the bulk
cultured cells having a specific ability to recognize 17-mer
peptide as well as a pancl of B-LCLs sharing one HLA class
allele with KI-119 carrying HLA-A*0206/A*0206 and HLA-
B*5401/B*4801. Bulk cultured cells were incubated with ei-
ther autologous B-LCL, HLA-A,-B-mismatched B-LCL or
B-LCL sharing only one HLA class I allele with the donor.
A representative result of flow cytometric analysis is shown
in Fig. 1A. Pol300—316 peptide-pulsed autologous B-LCL
or B-LCL expressing HLA-B*5401 induced IFN-y production
from CD8" T cells in the bulk culture cells having a specific

ability for the Pol300—316 peptide. No significanl response
was found by stimulation with Pol300—316 peptide-pulsed
HLA-B*5401-negative B-LCL. These results suggest that
these peptide-specific CD8" T cells were restricted by HLA-
B*5401. Similar results were obtained with bulk culture cells
having a specific ability to recognize Pol151—167, Pol786—
802, Pol792—808, Nefl19—135, Nef125—141 or Nefl49—
165 peptide, suggesting that CD8" T cells specific for these
peptides were also restricted by HLA-B*5401 (Fig. 1B). For
some peptides, we could not test the entire panel at the
same time due to sample limitation, while other 17-mer pep-
tides were restricted by HLA-B*4801 or HLA-A*0206 (data
not shown). Thus, these seven 17-mer peptides may include
candidates of HLA-B*5401-restricted HIV-1 epitopes.

3.3. ldentification of oprimal epitope peptides

To identify the optimal epitope recognized by CD8" T cells
specific for these peptides, we designed 1l-mer peptides
which were overlapping nine amino acids each in the sequence
of the 17-mer peptide. IFN-y production of each bulk culture
in response to autologous B-LCL pre-pulsed with a 1 uM
concentration of the corresponding 11-mer or 17-mer peptides
was assessed by intracellular IFN-y staining. The Pol151—167
(CTLNFPISPIETVPVKL)-induced CD8" T cells recognized
LNFPISPIETV and FPISPIETVPV but not ISPIETVPVKL
(Fig. 2). Since Pro is an anchor for HLA-B*5401 [28], 6P in
this 17-mer is the anchor for HLA-B*5401 rather than 9P or
14P. Thus, we expected that the epitope would be included
in FPISPIETVPV (Pol155—165). To identify the optimal
peptide, we generated three truncated peptides (FP10:
FPISPIETVP, FV9: FPISPIETYV, and FT8: FPISPIET).
Poll51—167 (CTLNFPISPIETVPVKL)-induced CD8" T
cells recognized all of them (Fig. 3A), but at lower concentra-
tions of the peptide they recognized FV9 and FP10 more than
FT8 (Fig. 3B). The difference in T cell recognition between
FV9 and FP10 is not significant though they seem to recognize
FV9 more than FP10 at a lower concentration. These results
suggest that a shorter peptide, FV9 (Pol 155—163), might be
the optimal epitope rather than FP10, but it still remains
possible that both peptides are presented and recognized by
T cells.

Pol300—316 (YNVLPQGWKGSPAIFQS)-induced CD8"
T cells recognized VLPQGWKGSPA but not the other three
11-mer peptides (Fig. 2), indicating that 5P in this 17-mer pep-
tide is the anchor for HLA-B*5401 rather than 12P. We

therefore generated three truncated peptides (LAILO:
LPQGWKGSPA, LP9: LPQGWKGSP, and LS8
LPQGWKGS) from Pol300—316. Pol300—-316

(YNVLPQGWKGSPAIFQS)-induced CD8" T cells recog-
nized both LA10 and LS8 (Fig. 3A), but they failed to recog-
nize LS8 at lower concentrations of the peptide (Fig. 3C).
These findings indicate that LA10 (Pol303—312) is the opti-
mal epitope.

Bulk cultured cells stimulated with Pol786—802 or
Pol792—808 responded to the same 11-mer peptide, HVAS-
GYIEAEV (Fig. 2), suggesting that both bulk cultured
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Fig. 1. Identification of HLA-B*5401-restricted HIV-1 CTL epitope candidates
seropositive individual KI-119 (A*0206/-, B*5401/B*4801) were stimulated

[ without [ with peplide

by using a panel of B-LCL pulsed with 17-mer peptides. A. PBMC from an HIV-1-
with Pol300—316 peptide and then cultured for 2 weeks. The cultured cells were

stimulated with Pol300—316 peptide-pulsed autologous B-LCL or allo B-LCL sharing only onc HLA class 1 allele with the donor. Pol 300—316-specific

CDB" T cells were detected by using the i IFN-y
plot. B. The same assays shown in “A" were performed by using other
Nef119—135, Nef125—141 and Nefl49—165). The p ge of IFN-y-p

A

g assay. The percentage of IFN-y-producing cells among CDB™ T cells are shown in cach

17-mer HIV-1 Pol and Nef peptides (Pol151—167, Pol786—802, Pol792—808,
g cells among CDB™ T cells are shown in each figure.

CD8™ T cells recognize this peptide (Pol790—800). Pol790—
800 did not include the B*5401 anchor residue Pro. Since Ala
is an amino acid with characteristics similar to those of Pro,
we synthesized three peptides carrying A at position 2 (VV10:
VASGYIEAEV, VE9: VASGYIEAE, and VA8: VASGYIEA).
Pol790—800-specific bulk CD8'T cells failed to recognize
these three peptides (Fig. 3A). We therefore synthesized three
truncated peptides (HA9: HVASGYIEA, AE10: AVHVAS-
GYIE, and VAIO: VHVASGYIEA) and tested whether
Pol790—800-specific bulk CD8" T cells could recognize
them. The result showed that they recognized VA10 and HA9
but not AE10 (Fig. 3A). However, they failed to recognize lower
concentrations of VA10 peptide (Fig. 3D). These results indi-
cate that HA9 (Pol 792—800) is the optimal epitope.

Similarly FPDWQNYTPGP was recognized by bulk cul-
tured CD8" T cells stimulated with either Nefl19—135 or
Nef125—141. Bulk cultured CD8" T cells stimulated with
Nefl19—135 recognized both FPDWQNYTPGP and

GYFPDWQNYTP, whereas Nefl25—141-induced CD8" T
cells recognized FPDWQNYTPGP but not the other 11-mers
(Fig. 2). According to peptide-binding motif of HLA-
B*5401, which has Pro at position 2, we speculated that
FPDWQNYTP (overlapped between GYFPDWOQNYTP and
FPDWQNYTPGP) would be the optimal epitope peptide,
and so we synthesized three truncated peptides (GTI0:
GYFPDWOQNYT, FP9: FPDWQNYTP, and PP8:
PDWQNYTP) from Nefl23—133. The result showed that
Nef125—141-induced CD8" T cells recognized FP9 but not
GTI10 and PP8 (Fig. 3A), thus indicating FP9 (Nef125—133)
to be the optimal peptide.

In the case of Nefl49—165, we found that the bulk culture
cells stimulated with the Nefl49—165 peptide failed to pro-
duce TFN-y by stimulation with B-LCL pre-pulsed with four
11-mer peptides in Nefl149—165 (Fig. 2). Nefl49—165 has
two Pro residues, but the bulk cells failed to respond to EPEK-
VEEANEG, suggesting that Pro at position 2 of
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Fig. 2. Selection of 11-mer HIV-1 Pol and Nef peptides including HLA-B*5401-restricted epitopes. The 17-mer peptide-specific bulk CDB" T cells were stim-
ulated with autologous B-LCL pre-pulsed with each overlapping 11-mer peptide included in the 17-mer peptides, The responsibility of the bulk CD8™ T cells
toward cach 11-mer peptide was measured by using the intracellular IFN-y staining assay. The percentages of IFN-y-producing cells among CD8" T cells are

shown in the figure.

VPVEPEKVEEA (Nefl150—160) is the anchor residue of the
epitope. Therefore, we generated the Nefl50—160 peptide
and investigated whether the bulk cultured cells would re-
spond to the stimulator cells pre-pulsed with this 11-mer pep-
tide. The results showed that they produced IFN-y production
in response to Nef150—160 (Fig. 2). The finding that the bulk
cells did not respond to LVPVEPEKVEE (Nefl49—159) ex-
cluded the possibility that one of the three shorter peptides
(VPVEPEKYV, VPVEPEKVE or VPVEPEKVEE) was the epi-
tope. These results strongly suggest that Nefl150—160 is the
optimal epitope peptide.

3.4. Killing of HIV-1-recombinant vaccinia-infected cells
by specific CTLs

To clarify whether Pol155—163, Pol303—312, Pol792—
800, Nef125—133, and Nefl50—160 epitopes are naturally
occurring peptides, we investigated the ability of these

peptide-specific CD8" T cells to kill HLA-B*5401 expressing
B-LCL infected with recombinant HIV-1 (r-HIV-1) vaccinia
virus. They effectively killed HLLA-B*5401 expressing B-
LCL infected with r-HIV-1 vaccinia virus but not the cells in-
fected with the wild-type vaccinia virus (Fig. 4). There was
a difference in killing activity toward r-HIV vaccinia-infected
cells between Pol- and Nef-specific bulk CTLs. A previous
study showed that HLA class 1 is downregulated in cells in-
fected with HIV-1 nef recombinant vaccinia [28]. The differ-
ence might be explained by Nef-mediated HLA-A and -B
down-regulation. These results confirm these peptides to be
naturally occurring ones presented by HLA-B*5401.

3.5. Confirmation of HLA-B*540]-restriction in five
HIV-1-epitope-specific CTLs

To confirm the restriction molecule of these five HIV-I
epitopes, we generated CTL clones specific for these
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Fig. 3. Recognition of the 8- to 10-mer truncated peptides by HIV-1 Pol- or Nef-specific CD8+ T cells. A. The 17-mer peptide-specific bulk CD8" T cells were

stimulated with autologous B-LCL pre-pulsed with each 8- to 10-mer truncated peptide. For deter of the of

| epitopes in Pol155—165 (B), Pol302—

312 (C). and Pol790—800 (D), bulk CTL were co-cultured with autologous B-LCL pre-pulsed with each truncated peptide at concentrations from 0.1 to 1000 nM.
The responsiveness of the bulk CD8" T cells toward each truncated peptide was measured by conducting the intracellular IFN-y staining assay. The percentages of

IFN-y-producing cells among CD8™ T cells are shown in the figure.

epitopes as well as HLA-B*5401-transfected CIR cells
(CIR-B*5401 cells). We used both CIR-B*5401 cells and
CIR cells as target cells for the CTL clones specific for
these epitopes. These CTL clones killed CIR-B*5401 cells

pre-pulsed with the corresponding peptide but failed to kill
the CIR cells that were similarly treated (Fig. 5). These re-
sults confirm that these CTLs recognized HLA-B*5401-
restricted epitopes.
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