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1 HBV Epi t ope Reactive Exogenous T Cell Receptor

(TCR) and uses thereof Field of the invention The
w@e@sasds74 nventi on rel ates generally to the fietTS6£009/000165

i mmune nedi ated therapies for treatnment of Hepatitis B

Virus (HBV) and HBV-rel ated di seases 5 such as

cirrhosis and Hepatocel lular carcinoma (HOC) and to

net hods of preparing these therapies. In particular,

the inmune nediated therapigs may be in the form of

cells expressing at | east one HBV epitope-reactive

exogenous T cell receptor and/or pol ynucl eoti des,

vectors and/ or pol ypepti des encodi ng the HBV
FE EBab Bkt Exbobois i Beca tob ARl S80Sk hdSor
hom noi dae, i ncludi ng humans, and causes an .
Fidl@Tof 858 vepfiogal | ed hepatitis. It is a DNA virus and

one of nany unrel ated viruses that cause viral

hepatitis. HBV currently infects at |east 350 15
Thei Ipressnt psypntionoielaias deenamsdly oo dhe diigld abl ymimigne: tregdiated

AR T 1 R S DY P oo
suh ad< irrtagyls cxndreiepatodelfulan chicbrmaeHC@Bndoto aketHods of

0. 5% of the popul ati on have HBV. The infection is,
Prepating thess thenapiass ivbarticHlar ethedmimune meghiaigd dhefapiesmay be
; v , 3 [
in RETCREY B B B3GR 18Rk on Pty Bhflode g iRt Sltigbnous T
cell méegptoo andAfrf podyrauclébtides] veciors Bhdstr pdymepdidesrerisidimg the
ner j, cans aqd allpgr gxi mately 5% of chil dren adopted
HEY SRitoRRIF3CIVRST SPILIRFERINt er n Eur ope have chronic HBV
i nfections. Chronic HBV infections may eventually |ead
to liver cirrhosis and Hepatocel | ul ar carcinoma (HOC),
Bagkgrouad afiteeasfe with very poor response to current
chenot herapy. 25Currently avail abl e net hods of
[ I opal ..l ar ik of |
HebRf 2 Uy, RMLelt-CHR) Wef TRRRER, Inding fumans, anc
cagséss annigfldmngsticu pplies hebatitisiolt nota EINAIviaiseatB\bne of many
g]ough .maj or | t¥ of HBV [nfected patients respond to
ungglzie n‘('f‘&g%"éﬂiﬁl &6vee yireh hgratifs. Y srsrantlyHpigaty) at least 350

milliBR PREBIENoFidWide. 763 of chronically infected HBV patients are living in
Asia but the virus has a world-wide diffusion. For example, in the United States,

approximately 1.5 million Americans, or about 0.5% of the population have
HBV. The infection is especially more common in certain risk groups like men
who have sex with other men, renal dialysis patients and persons with
haemophilia. Chronic HBV infections affects 10 to 15% of first generation Asian
Americans and approximately 5% of children adopted from Russia, Asia and
Eastern Europe have chronic HBV infections. Chronic HBV infections may
eventually lead to liver cirrhosis and Hepatocellular carcinoma (HCC), a fatal
disease with very poor response to current chemotherapy.

Currently available methods of treatment for this global large reservoir of
chronically infected subjects are challenging as existing drugs suppress but do
not eliminate HBV. Though majority of HBV infected patients respond to
currently available methods of treatment showing improvements in liver
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2 histology and serum Al ani ne transam nase (ALT)

| evel s, alnost all patients relapse when treatnent is
wWee@ppasd74 Furt her nore, the nore comon et hodsP@F/SG2009/000165

treatnment of HBV involve the use of drugs such as

| am vudi ne and adefovir. These drugs however, result

i n devel opnent of anti-viral resistance in the 5

patients, which occur in approximtely 20% of patients

treated with | am vudine and, n about 3% of those

treated with adefovir each year. Utimtely a |arge

proportion of patients would devel op resi stance, at

whi ch point, the anti-viral drugs would have little

.effect. There is thus a global n r gn effectiye .
risfRIpRG A SEAT. SIS (RaR) IR ALD) reelF, Simasial pssients
rel8pSE Whieh tEBTHIENE IS SRPPER. FOrtsdindieeiHd Mofddommon methods of

successfully elimnaté the covalently closed circul ar

treptinemtoof HBY iimvalvey dhe arse. of\atugsasush asdamivudine and adefovir.

V- epi ific T cells f ' bj.ect .
ThESE, (Flgh: BB cselitnny frian et o eifVEal PhiRGEe in the
pati@nmts] ehigh otd\& iHRbprokiartélgRo%PaFtpaicnt feattav®ith NAWvudine

that patients with persistent/chronic HBV infection

ang 40 kol 3% 1pithoss tepmted puiths geefaviceack oeps. Wineately arlarge
o) R ent UEARS VBT tan A RARA, BRRY, 28

drygsonpildchasedittle effectn t hat t herapeutic restorati on of
the defective anti-viral immunity present in patients

Thite B fitlison. Siehel 56 dPk 51 crrfaciVe Toainbe, 67 aali sl Bistapy that
resU®BORS bhaHBY isPedifit! ifdthene Ge¥bdise M6 AstfisichiRY At Qtkbedsfully

who underwent bone marrow transpl antation and received

eliminate tbef eovalertho closadt pirgudar ferm iafndBM yn teo palient. Naturally

oo B3 FBYRerbrin Sokite GG BB fo i Kien SaRHR b o the
subiegs revind an effitiertand inaatpEataof e HB\CIng&dtlon. Peist sfudies
t her aﬁeut,l c option for chronically HBV infected

eas 1 h . A . .
hayeshewp dhaneatignte yithspersistrigiahronjc High/iafsstion inave their HBV-

epi;'t:cmag %})%Xifit‘s'i' ”c%tllgaﬁl @8@\, Y)?Cfﬁh@t%fﬂdglgp%lg%rjﬁ? Ptr@e‘f’%fot?e, increased

hepatitis e been
knpiedgei af deusskostf irfiterdatioas ofiutihg HBA apfadtion \haecipnempted
strate is.the fact that the i ne st em of, HBV . i
SPRGHIBHATE Teal Mhieippetitic sesbratien, of {fr Poliate), imwunity

presBRETAObRBeE SRBICIchigHié | iBfectidnt B8LIACTHoRERYY N¥adofy Hilease
i nfected sub* ects. 3 Further, persistent high
respiudionc tTihen valldilyi phthiamangept was directhi derwistnatest ire patients

it S SR B IS . L GHIsET, B FERESO b fartaton an
recelVedaaizprowe drdiy dehrabgientnatlifd spesidityC tdCPBY amsfusigdt of a

T cel| responses. Mreover, it has been specul ated _
healthyt HBYtprimed, imreune systed led tenesolution; eleehreniq BV infection

in tf\?ré]%% ?’aﬂgnfg dd&ete Bgﬁ?tﬁ%@\ﬁ tfa%%@@ée?ﬁgtiérp is'_ﬁggrlg fo an easy

tion may contti 0 the oprent o
thetdipé utiof @ettoroforraitroricalih #IB\W infatted pattentseand afté@ptd 1o boost

HB{\T/Dre effecti Vﬁ)ét her api es target 'Q&Q@’@%&ﬁf@%ﬁﬁgggpaﬂﬁs

FSREHICRIKNRY USING Yarouss v §
I Y4 to reduce the worl dw de 10
B h%gggﬁ%gﬁtﬁsg%&ﬁor ‘ality fromHBV infection and

HBV-rel at ed mal i gnanci es. Summary of the invention
A potential cause of failure of the therapeutic vaccine strategy is the fact that

the immune system of HBV chronic carriers does not have the same efficiency

and repertoire of specificities as that of healthy non-HBV infected subjects.
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The present invention addresses the probl ens above,
and in particular provides a novel, efficient and
w@doeasdsve net hod of treating HBV infection byPCT/SG2009/000165
redirecting the specificity of |ynphocytes of chronic
HBV i nfected patients using exogenous 15 T cel
receptor (TCR) transfer. According to a first aspect,
the present invention provides at |east one isol ated
cell conprising at |east oneg HBV epitope-reactive
exogenous T cell receptor (TCR) and/ or fragnment
thereof. In particular, the HBV epitope may be HLA- A2
restricted. More in particular, the 20 HBV epitope nay

FEE: beRutenl AR pRRRaloR i1 g chifeie BBV Threctec

paligery 6@ @ididte e tdl&ideabntiddIPspBfiCA tale ORbH®MBY Shfected
HBc18- 27, HBs370-79 and/or a nutant thereof. The

pafipatsgarethysi cherctemized: bynlewiebsant HBYsspesiic Eatieand CDS+ T

coB ! (ORI RHAUBEERTE Sl el i BB PRI H0d anc
ancingffectiee oytpléme eroMEQéni¥eRin rébgorids 37 HBY RPbdtRIE may
t | east one sequence_selected fromthe

y conprise ( . . ,
005%&9& n&h& 1deuglopmentqof crimeniss HBY sifegtiony sathes uihan, viral
cldapsnddBs370- 79 epitope may conprise sequence SEQ ID

NGO 56. 4 In particular, the cell according to the
present invention may further conprise at |east one
Cleast riooreeffegliven fherapias ttangetiogometenudesT BRobwed/ v the cytokine

ordE Ty IRECE e e o O e o P P e
mapbidity @nldahortbiity ffoni $1B\HBYestRIn AEHBRYrdigtebiPafgrah ciiyd
the second 5 epitope may be HBs370-79. The exogenous

TCR rmé CO% rise at |east one a-chain conprising at
Su e O8ci d sequence sel ected fromthe group
consisting of SEQID NO 9, SEQ ID NO 10 and SEQ I D
Th&grddertinvBHtdnt sdidr ' fandl i
e . Q@é%otgﬁ édrgp%ﬁﬁé A58 and lﬁﬁmgﬁqﬁfb@ldes

conprises at |eas aln conprisi
a nayglieefiieientaqd | affeatve maiboSED tréatiig HBVaimfeSB@ b redirecting
e at .l east  one

..The exogen CR mm DL i
the)pesingity S WHIPFERAS of SHioiy HESDRiarier Patie B Sl faoenous
T ceftlrecdser TOR) trARsf@F.oup consisting of SEQ I D NQ 21,
SEQ ID NO 22 and SEQ ID NO 23 or mutants thereof. Mre

in particul ar, the exogenous TCR may conpri se at | east
ACQQ{QP g y nmp

NRICRAiret 2Rt therdesert isveptictpRVisEY a2iDerst one isolated
. . |
coPERNERS 56 20 SEEY B o o SBIET, B peemr

(TORRandhordagmerstethatedfeast one a-chai n having at | east
80% am no acid identity to SEQ ID NO 12 or a fragnent

m R B30 e P o8 Ve VS RARIIEE et e
MRk A ot A SR T o
B envelepe antigenner 2B neutanh theresEdEvem maprz4in particular, the HBV
epitope may comprise HBc18-27, HBs370-79 and/or a mutant thereof. The
HBc18-27 epitope may comprise at least one sequence selected from the group
consisting of SEQ ID NOs:25 to 39. In particular, the HBc18-27 epitope may
comprise sequence, SEQ ID NO:25. The HBs370-79 epitope may comprise at
least one sequence selected from the group consisting of SEQ ID NO:56 to 58.

In particular, the HBs370-79 epitope may comprise sequence SEQ ID NO:56.
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The exogenous TCR nmay conprise at | east one a-chain
conprising at |east one am no acid sequence sel ected
wo e@ailsdsed gr oup consi sting SEQ | D NO 44, SEQ | BLINGG2089/000165
and SEQ ID NO 46 or nutants thereof. In particular,
t he exogenous TCR conprises at |east one a-chain
conprising the sequences SEQ I D NO 44, 25 SEQ I D NG 45
and SEQ I D NG 46. The exogenous TCR may conpri se at
| east one 13-chain conprising at | east one am no acid
sequence selected fromthe group consisting of SEQ ID
NO 52, SEQ ID NO 53 and SEQ I D NO 54 or nutants
thereof. More in particular, the exogenous TCR may

c rpse,at least 5 qne, 13-chai.n conprising the .
in S3fRleTe Lol RiareRed8 ad Frsicn g el b resarise at
leaf8t| 0AGAYEILIRS HB® EpPiRypL-réhclied! 8Roderils ZFCRNand/or fragment
particul ar, the exogenous TCR may conprise at |east_
theygef, avlergim theaseernda B \b gpitope wmayribeodifferenti faemt theyfirsb HBV

eoB521 DRETaR P FSCHERL ol 58554 BRCH Bl A g hocona

epitopShidy e NBs330410.a fragnent thereof. Mre in
particul ar, the exogenous TCR may conprise at | east
one a-chai E]'CgE SEQ I D NG 47 and/ or a{ﬂ_l east one
The£X09sNRUB T CEEMAYSAMEPESS at leASt pAe OrehAA COMPRisINg:aY least one
‘ e
B Setijehc SIS fiom B BRI Bt oPSEP R NCPDPSEQ
ID NQ:1eand SEQID N1 1L or Peutaptsethaired. do gartjoyidn diye exogenous

-deri yed cell. Accarding.to, anot her asp , ]
TCR Boprh et el o oPut FabeEing L rea i ESorEbLp NOS,
SE® Y NOIEANTISECPIP NG N19TRE &xBgehos T CReAERédprise at least
encodi ng at | east one a-chain and/or at |east one

ong direhalecempbsing plaleapk ase aning acighseauenes: selectadhfom the

- ' ' e 0 I .
orcf BehSsEs SECT I JTBRAPSRY InchcRse ' 4E S AD NO:23 or
mutantsdhereviyMbee MBpaRicllarathd/ exodddsRié0OTCR. may comprise at least
one B-chain comprising the sequences SEQ ID NO:21, SEQ ID NO:22 and SEQ
ID NO:23. All sequences are shown in Tables 1 and 2.

In particular, the exogenous TCR may comprise at least one a-chain having at
least 80% amino acid identity to SEQ ID NO:12 or a fragment thereof and/ or at
least one B-chain having at least 80% amino acid identity to SEQ ID NO:24 or a
fragment thereof. More in particular, the exogenous TCR may comprise at least
one a-chain of SEQ ID NO:12 and/ or at least one B-chain of SEQ ID NO:24.

The exogenous TCR may comprise at least one a-chain comprising at least one
amino acid sequence selected from the group consisting SEQ ID NO:44, SEQ
ID NO:45 and SEQ ID NO:46 or mutants thereof. In particular, the exogenous
TCR comprises at least one a-chain comprising the sequences SEQ ID NO:44,
SEQ ID NO:45 and SEQ ID NO:46. The exogenous TCR may comprise at least
one B-chain comprising at least one amino acid sequence selected from the
group consisting of SEQ ID NO:52, SEQ ID NO:53 and SEQ ID NO:54 or
mutants thereof. More in particular, the exogenous TCR may comprise at least
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In particular, the sequence encodi ng the a-chain
conprises at | east one sequence selected fromSEQ ID
WO0Y/1368cH SEQ | D NO. 5, at | east one sequence sSRCESGHH9/000165
fromSEQ ID NGO 2 and SEQ ID NO 6 and at | east one
sequence selected from SEQ ID NO 3 and SEQ ID NO 7
and/ or the sequence 20 encodi ng the 13-chain conprises
at | east one sequence selected from SEQ I D NO 13 and
SEQ ID NO: 17, at |east one sequence sel ected from SEQ
ID NO 14 and SEQ I D NO 18 and at | east one sequence
selected from SEQ ID NO 15 and SEQ ID NGO 19. Mire in
particul ar, the sequence encodi ng the a-chain may

C ise SEQ. I.D 1 5, SEQ | . S 7
ong i Bhrioom s M SsmiatRes IRy PO E SER Dy 53 and SEQ
IDOTITA. 31 seh&ed\&eldhowrria TEbINS11ghdipd SEQ I D NO: 19.

6 In particular, the a-chain of the HBV

epi t ope-reactive exo_tr:;enous TCR may have at |east 80%

pi t . : .
In pagiratiare thaiexegenouso! SRQNAR qumprissr atSieast pneid-ghaindiaying at

o0 onfE koL R BT Bee 5P8 K BHARERR g or
led¥Dohé BehabBaving\el [2ast 80Ycearmimopadid iideritity to SEQ D NO:55 or a
the a-chain may be sel ected fromthe

sequence e di n ]
frag tb%rﬁgﬁﬁ‘ﬁ?rﬁg'%&ar@@&r, REX2IBRRUSSERR maysprise at least

O i R O ORI S IS ohe OB TR NQEF
SEQ ID NO 20. More in particular, the sequence of the
In pacticular, dhe tded a@ording 7toethict present inventionaxaydve at |Gk one

I ed fr he group,consi sti of SEQ.ID 1
neffRtaPGRfE o BelMBrbof PoRitlE” B kaldngy Rcht Rak? one
Petipher#iBlosd LyhphtBad8 (PBLPRISrivRE T €4IEt | ve exogenous

TCR may be selected fromthe group consisting of SEQ
ID NO 16 and SEQ I D NO 20. In particular, the se(iuence
ACEAIHRY g BREther cavRastc ipriresantsiyantionopmyides=@t| lpast one

oot pRiicRisHb Cohibnd 8Ot b BRTHRCERAEP R gost one
a-chadh $BQ/driatNeasondtseguenc@ arnicodingaat ledsé omecfahairowherein,
the BRI GO JEANARCDEY dih PRTLILE 1688 95 EPHENAlh LA epitope-
reglive TR, Phe HBY EBHORPIIEORR: FBRESI7CaRBRFIBASY 0T e! |
receptor has at |east 80% sequence identity to SEQ ID

NO 51. Even nore in particular, the sequence encodi ng
In nesticulanathe Sequengs | erepdarn the MOhad corapdses tad least one

so QR SEAIEP TN, S b L0 ARTSEREI 60 A one

sechim&EOSE I Dsﬁ%c%a’i frog1/3 SmEID' ‘P\E)ZQXQIQ@I’SI?Q IhEEFR\lltgm/ I?W”’Ef }Ié?efst one
. and/ or the sequenc { he -Chaln O
seqRNoEaaIovicddTaip SepdLt BLESIare SEOY IR AR 7rendAsjhe sequence
| S H |
enGRIRY (B8 opraih obrises 401cBSE Bhe el RIcREd FRRA EQ 1D
N8 yaelpB £ Qd DeNOotiE cathgasttorieesexiuence sedégtad dioarotSER IDNO:14

r .bnventjon. . 7 According to still apath )
ang SRBB RS 1 et st ol Srtistion: sSciBt! fromesEGhD NO:15
and SEQIBANOoIY Mot iH HFRMAN, he ge@&eﬁc@éﬁcd&l%g 1581 gﬁ‘dﬁ‘a‘?n may

sel ected fromthe group consisting of SEQ I D NO 9, SEQ
compriseSER ARG SEAND NO:8ranceSER: I N@ifeandiot Hes soquence

en GEfd el kB i i s R 2380 P P 1o
NO: @ sequence may have at | east 80% am no acid identity
to SEQ ID NO 12 and the further sequence nay have at

| east 80% am no acid identity to SEQ | D NO 24.
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The present invention also provides at |east one
i sol ated pol ypeptide conprising at |east one sequence
W@ 200886 from t he group consisting of SEQ | D ROI/SGR0H000165
SEQ I D NO 45 and SEQ I D NO 46 and/or at |east one
further sequence selected fromthe group consisting of
SEQ ID NO 52, SEQ ID NO 53 and SEQ ID NG 54. In
particul ar, the sequence may have at |east 80% ani no
acid identity to SEQ ID NGO 47 and the further sequence
may have at | east 80% am no acid identity to SEQ.ID
NG 55. 15 The pol ypepti de according to the present
i nvention may be at | east one HBV epitope-reactive

in SRRty the GRoairrIBe Y sPitaprisarive Saegpas s ray have
at R igh Bbquéiics REINBERS 526 MINGR & SEERT) NS andior the -

sol ub or a fragnent thereof. Even nore in
chpir of dhe dBVt epitans- caacbvercerxoguenbuagT@Rt mayehavs atdgasle 80%

sebENEe et 16, 525 480N0™Y, b REG oG, HOET  Balifuid, e

seqnén@é)@&bédiﬁg th@@bhélhﬁ@ayhﬁé B@leléféd:flfr@ﬁi tl'@f;flfupt bénsisting of
resent invention operably connected to at [east one

iR dRolNEE4 and RECHIIEI NG:§.0ARRBE hee sggperee enkedingethenB-chain
méa%%”ééla B AYhF8%e i{rougac%ﬁqs%@lﬁg"&s@b QP'TRFO $b n%hae R&q D

nstr UC accor di ng res I nventi on oOr
NQ@200Mare drh pattncdularaﬁmosehumlctaa)ftthe opcresie of theniABTH BV, epitope

o iR S oA BE bS5 B e S ot o
NJ:4C&hd SEQTHDI O] aﬂd/bleﬂnq; s@(ﬁl@‘er{d@voﬁmet QléﬁafneéﬁHé’ FIBC1 8-27

exogenous TCR for delivery to at |east one subje
epitepé velaciivepexogiengus rT4i3 doay hg seledted diono tiee Jraug COnSIStlng of

SEQP NG ARSERITMEET: ventian. According to
anot her aspect, the present invention provides at

In Ip@mdulanehmmmén@é érictiolirid tige ai-chaiastorapsdBSBEQ ID NO:40,
| tgﬁe reactive exogenous TOR conpri sing

prf’g1 and |SERQtIDNE: %@némrtfbsé%mﬁ@(cvdw the B-chain

t B { hat |
PRSI MRS I 0t 9351 e
pa;im:lujmutheem:hdm acfdhadiit? epitopeiregctae éremenoasd GR may have at

oo et B e BB, BB ABRONFE s b FESRES of 8 e
epﬁ@;ﬁé-gcgid{tﬂgn%%?g%w Wéél??édéiﬁorsﬁé’é‘ anfasP809t 8Bqlidhcd Rentity
to SEQ ID NO:51. Even more |n particular, the sequence encoding the a-chain
comprises SEQ ID NO:43, and/or the sequence encoding the -chain
comprises SEQ ID NO:51. More in particular, the sequence of the a-chain of the
HBs370-79 epitope reactive exogenous TCR may comprise SEQ ID NO:43
and/or the sequence of the [B-chain of the HBs370-79 epitope reactive

exogenous TCR may comprise SEQ ID NO:51.

According to another aspect, the present invention provides at least one
isolated polypeptide encoded by at least one polynucleotide of the present

invention.
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16(d) incubating the cell under conditions suitable
for expression of the HBV epitope-reactive exogenous T
w@eib/1868tept or by the cell. In particul ar, thePeESGWEI/000165

of preparing at | east one HBV epitope-reactive
exogenous TCR conprises the isolation of at |east one
T cell, step (a) which may be HBc18-27 epitope
reacti ve and/ or HBs370-79 epitope reactive. 20
According to one aspect, the& present invention
provi des at |east one cell according to the present
invention, for use in the treatnent of HBV infection
and/ or HBV-rel ated hepatocel | ul ar carci noma. According
esent invention

h h
Ak 8 SR PSPsab e Bresst dupaion Riies ap Fast one
lsdlaiéétpdfyﬂiépﬁlﬂeﬁon*rlﬁ’iélh@ aﬂeds@%ﬁb ésbgﬁ‘le%@@s%fféctgé from the group

rl SN admnisterin ect at eaSt one
NG hSEE IING:E) BRO B b0 NS Rulm NG 1 et 4 Isast one
fur[arge?gsfre Bgﬁc% %8 aengeogﬂgég heﬁrobﬁ%%#ﬁs@@g%@%@ﬂﬁ Igﬁ) 21, SEQ ID

NOA22 cndi BECI D SNG) 128. &npbhkulai§ﬂ%l§eqmé1&epﬁ%§r%ve at least 80%
mveng ﬁ%@rov ides at | east one nethod of treating

ithép R dP NPa# 2 @ndctheo fkthes %&que@s;@tmam&ave at
Ie%HBD%Cémﬁwd:Q&Bﬁdéﬁﬁ?tégw@N%Qgg to the subject at

east one 1 nmunot apeut| ca effective anount of
cells, at | east one vector and/ or at | east one
Theolpyesanti dwentioor dilsey provigep ﬁpdﬁastofoneheisqﬂambrxbolypeptide

coinRYEbieast yieGadi it skteeleR SERR T orbiedfinnes” SEQ ID
NOJ1405BQ) IUNG:45 epdt SEQEDSNG: 46 bintiftttat Icast e fukther sequence
resol ve HBV infection, 10 the nethod conprisin a)

selgeisdi fipmdhatgrren sonsisting &SIEQ 1PINO:82,1 926t IDN®:53 and SEQ
jiseCt e r t,, one. .
ID SOLEC In, BtisERire ths (WockBfic! HRFTARYS, atyfeasf, B0bp g, acic
|dent|tyc‘m>nSEQ illg\l@rf47at ah@&tbé fartkengefi@emceamal hadsiendeast 80%
sel ected from .4, SEQ ID NO 8, SEQ I D NO
amif a %ﬁdﬁ? @tmgg&@\gg@m DNO 43, SEQID NO 51, a
honol ogue and/or a fragment thereof;
The polypeptide according to the present invention may be at least one HBV
epitope-reactive exogenous TCR. In particular, the HBV epitope may be HBc18-
27, HBs370-79 and/or a mutant thereof. More in particular, the polypeptide may
be at least one soluble TCR or a fragment thereof. Even more in particular, the

soluble TCR or fragment thereof may be linked to at least one anti-viral drug.

According to one aspect, the present invention provides at least one construct
comprising the polynucleotide of the present invention operably connected to at

least one promoter.

According to another aspect, the present invention provides at least one vector
comprising the construct according to the present invention or the

polynucleotide according to the present invention.

According to still another aspect, the present invention provides at least one T

cell comprising the vector or the construct according to the present invention.
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and/ or (c) detecting the presence of at |east one
pol ypepti de conprising, substantially consisting of or
W@ wsi13a8rs1g of the ami no acid sequence of SEQ PCI/BEER009/000165
12, SEQID NO 24, SEQID NO 47, SEQID NO 55, a
20honol ogue and/or a fragnent thereof; wherein the
presence of the polynucleotide and/or the pol ypeptide
is indicative of the subject being able to resolve the
HBV infection. According togyet another aspect, the
present invention provides at |least one in vitro
nmet hod for diagnosing at | east one subject as having
or as being at risk of 25having HBV infections and/ or
HBV . rel at ed hepatggellular,car,inona“ t he e

hod
AceQiding 19 age aeRPEh &8 Aresgnhinvesiion RiAY %%ﬁﬁﬂeeat#r%@m method of
prégt?aﬁ‘fhg Qf“?ea?é{bd)rg\é[?tﬁ ceﬂocorﬁﬁ%siﬁﬁtéiclfebﬁg oh@eHlB‘\P%%‘ﬂ_GSlef?éactive

ast one polynucleotide conprising, substantially
exogermust TAR dor delivarystosat hepsifore subjest tbaemathtdeicomprising

aci.d.se nce selected from.SEQ.I D 4. . | D NO
traBSdgieg Bl o1, | Gel SRR oI MSstiee! WSR 17, cOge Pt or
theé\ctblof theltEBbMAHGerRibH. or a Sfragment thereof; and/or

(c) detecting the presence of at |east one polypeptide

conprising, substantially consistjing of or consisting
Acgerdingtoaaneibernasked chedipserfingnyonipravidesat legshqng method

o g AR LR oS50 LR o B YR

t he pol ynucl eoti de and/ or the pol ypeptide correl ates
wi (d) ishiatingkat Idasbdnef HBNeepitdpeengaciive hbvdeligfrom at least one

bei t risk faor. ' HBVi nf ' d/
e HEP xSt dhs i Sl PRl i ng <0
anot her aspect, the present invention provides at

| egptcidming titeddt de pEIgAlicIodtds stlueriie éREsding2¢ least one o-
vector and/or at | east one _polypeptide according to 15

anyaad/ee &-clintofeatpleaskenne  ifvR rmalloieceptar Heorpr i@garBi-epitore
of j %ﬁ reating HBV infection and/or
HB\ferdé&Iﬁg%ed Q%fa{tgéé%)lr’ ul ar carci nona.

(c) delivering the polynucleotide sequence of step (b) to at least one celi;

and

(d) incubating the cell under conditions suitable for expression of the HBV

epitope-reactive exogenous T cell receptor by the cell.

In particular, the method of preparing at least one HBV epitope-reactive
exogenous TCR comprises the isolation of at least one T cell, step (a) which
may be HBc18-27 epitope reactive and/or HBs370-79 epitope reactive.

According to one aspect, the present invention provides at least one cell
according to the present invention, for use in the treatment of HBV infection

and/or HBV-related hepatocellular carcinoma.

According to another aspect, the present invention provides at least one method
of treating HBV and/or inhibiting reactivation of HBV in at least one subject

comprising administering to the subject at least one immunotherapeutically
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According to still another aspect, the present
i nvention provides at |east one kit for detecting
W@rwhosesr4 eat ment of HBV infection and/ or HBV-PEI/SGHH9/000165
hepat ocel | ul ar carcinoma, the kit conprising at |east
one cell, at |east one vector 20 and/or at |east one
pol ypepti de according to any aspect of the present
invention. Brief description of the figures Figure 1
shows a schematic di agram ofg the steps involved in
producing a cell conprising at |east one HBV
epi tope-reactive exogenous T cell receptor. It 25
conprises the isolation of a T cell clone fron1an
HLA- A2 posi tive HBV, patient who ha eso
SffERRES APt oS AL TG0st e YPBIRE slionhIcas e Eoppiapptide

ac&&%rﬁﬁt&@rﬁ‘fééb&ﬁo?ﬂﬁé’ﬁféé@nk"ﬂéeﬁhﬁﬁ'| receptor and
using the vector to formcells that 11 express the

HBV epitope-reactive exo%@gous T cell receptor. Figure
Acgorghig é@r&tlllyartcah@masp@@h Wigserdringention proxides at least one

b8 i 2pliD AP S ATBRBYA Sartlngh HPHPIGRt Bh3Mbjoct
commi“sir@e adeinistezingt e Theeslbjetines.leddteohe Hﬁﬂﬂlﬂndfherapeutlcally

C|f|cTceII l'ine was isol ated ng spec
€ Pﬁé@ﬁﬂiﬁlﬂ_ﬁ? RRYe. pbiraghene aﬁetorm?d}dé@r et @p%&rom alypeptide

ell line was stained
acé-\n&?m c%y%%kggbﬁ%%@l vlégﬁ%@m aners to confirm

clonality. The results show that 100% of the T cells
Aceerdin@its orendsped, me peesentenvetion pvwndesm‘t daa$tngne in vitro

bR ko] a8 B TR o 688 o i BBy ptecton
the&SAnod\Bo Rbriviag: der| ved froma resol ved HLA- A201 HBV

patient using staini ng vvlth a panel of TCR V beta
nmonqcl onal anti bodi es \) s reacting with the

huf@rPreviRing afdeastong %@\mﬁ"ee ranideasto gt as a
prtﬁéaée@edtl% Ofpyepi ?re%‘i’ce' Nofl ALY i Be T pofhliclESRI2E Scomprising,

hi's method was thus used to 15 eval uate expression of
V betsbglantally sensisting ofmicopsisting of@tdenst ghe OHCIRigAdbRAYence

to bechicgly ﬁ‘onﬁmﬁb%é 04, F@ébqgrr@o@ §EQ(|UEiQé8187éEQ ID NO:

ep |toqp The results s\lig%fst that all T cells were vps
posi t40s SECHDNPe43 SFHUE NOid e pthomplogueranséari aotiagspent thereof;
HBc 185 /orspeci fic Cytotoxic T

(c) detecting the presence of at least one polypeptide comprising,
substantially consisting of or consisting of the amino acid sequence of
SEQ ID NO: 12, SEQ ID NO: 24, SEQ ID NO: 47, SEQ ID NO: 55, a

homologue and/or a fragment thereof;

wherein the presence of the polynucleotide and/or the polypeptide is indicative
of the subject being able to resolve the HBV infection.

According to yet another aspect, the present invention provides at least one in
vitro method for diagnosing at least one subject as having or as being at risk of
having HBV infections and/or HBV related hepatocellular carcinoma, the

method comprising:

(a) providing at least one sample from at least one subject;
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| ynphocyte (CTL) clone C183. CarboxyFl uoroscein
Succi nimdyl Ester (CFSE) 20 | abelled Hep&X cells
w@eogashstd t h HBc18-27 (8-10 M epitope were n REHSGR0I0H000165
Hep&2 cells that were not HBc18-27 pul sed. The Hep&
cells were cultured in the presence or absence of CTL
clones at a 1:1 ratio for 5 h. Cytotoxicity was
deternmi ned by di sappearance of CFSE | abel |l ed targets
in the presence of Cl83 cl o.nﬁ (+0183). After 5 h
co-incubation, the results show that only CFSE 25
negative cells (no HBcl18-27 peptide) renai ned and
nearly all HBc18-27 positive, CFSE positive HepGZ
cells vvere elimnated by C183, indicating the T

cl e is 6wﬁﬁagéh%fprﬁ$qnqen@f glleast Oe%moévrwcé%cgm Q@ﬂpﬂsmg,
HBY,, Eh@éqpys 8bP’F‘|§tug$C&f80r 'gtﬁns?szu TRE" 5t tane n%%lﬁlc acid

S|gn I'can erence in count en no
wasequisles $Mlecti€fLfyfomFsigar NQ:MD,V\SECM{D NQ 88, SEE€EID NO: 16,

or SEon 3, 2 eReED LR A4S, SeRLREBRE B BBmeted Rlaror a
{r%nﬁhp%ré@pahgwl ts of HBc18-27 specifi c Q/t ot oxi ¢
T I'ynphocyte (CTL), 0183, incubated with parental,

vector only, Hep& cell line (Hep&TA2- 7By for 5 h as . |
a (@ndetactinghihe dpresenceae taésie@@tf@rne chelyrepiide efarpp@sing,

F coutataly Eo ALY ¥ BhadRar inS bl Bty Yo of
|| BEGH#DGIDAZ] SEQ! II>NOVa4, SEQUIDI NELi 47 SEQ ID NO: 55, a

ranul at e 1(@% 107a and did not produce |IFNYy.
g FelogueRN&| ragmﬁ tEAY8O% cel| clone activation

after co-culture with Hep&. 105 cells which expressed
wh@lfélﬁethénébééﬁé@ &f He PBR/NUBNABE! Sfd10P th&Wd tid@'\'cdrrelates

Ero uction and degranul ation, indicating the
witbethe likebineod ot thensukiect ae havingsornas beingpt rigk i&velsas\eﬂg HBV-

[e I oma 15 cells.
it A R LB A Rl P o ey o
co-culture with Hep& cells expressing HBV.
According to another aspect, the present invention provides at least one use of

at least one cell, at least one vector and/or at least one polypeptide according to
any aspect of the present invention in the preparation of a medicament for
treating HBV infection and/or HBV-related hepatocellular carcinoma.

According to still another aspect, the present invention provides at least one kit
for detecting and/or treatment of HBV infection and/or HBV-related
hepatocellular carcinoma, the kit comprising at least one cell, at least one vector
and/or at least one polypeptide according to any aspect of the present

invention.

Brief description of the figures

Figure 1 shows a schematic diagram of the steps involved in producing a cell
comprising at least one HBV epitope-reactive exogenous T cell receptor. It
comprises the isolation of a T cell clone from an HLA-A2 positive HBV patient
who has resolved the infection, using the T cell clone to form a retroviral vector

construct encoding HBV T cell receptor and using the vector to form cells that
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Figure 5 shows the results of how 0183 T cell clone
responds to naturally infected hepatocytes. Primary
wohepatidasys es whi ch were isol ated from HLA- A2+ BET/SG2009/000165
HLA- A2- expl anted chronic HBV livers were co-cultured
with C183. HBcl18- 20 27-specific 0183 T cell clone
degranul ation and | FN-y production was neasured after
i ncubation of C183 alone, with HLA-A2+ uni nfected,
with HLAmM smatch HBV infectegd or with HLA- A2+ HBV
infected primary human hepatocytes. 0183 activation
(12% CD107a+) was only observed foll ow ng i ncubation
with HLA-A2+ HBV infected primary human hepatocytes
cel | ope reco

| nd| c at the 0183 I ni
HouBY Heessattive FiPoaityy dn ol JeERbER Bloue! was
payﬂywbﬁqr&ﬁlg@,mmabpgytmzt hat expr ess the correct
HCA nol ecul es on thei r cell surface. 13 Figure 6

shows the abilit cell clone, C183, to recognize
Figue 2|E¥e°9)8dgmct§pF¥°&p% gnedyai Y @eerrnhey@eblorgdafydnchyt@/ (PBL)

o Su 5l L RIS IR LAER T, The

HBIyl 8d27fspeeh‘b mmwmswaé i$dletedLising SMdeifie! HB818-27-HLA-A201
5 transforned B cells

Iy stein-Barr virus_( EBV)
pepfAmerk @ massfipaeparatiana The bieted bG8 44 shecific T ol line

n e
Wdéi it B 8 o AL AR Pt pe iR "B oo gopaty
Theelesults hew that51 00% loFthy TprekkieiereCDas ame!aBIUAeNZ tpentamer
% rm netT c? ?ct ivation. Data shows that (A)
Pogjfixe Jagicating\clofalityaro6:  and (C) HLA- A207 MHC cl ass |
nol ecul es could present the HBV epitope from 10 all

Figiee @ ?B)e@wowa ghEHIe WithtRe &tk 6w<5b$§t rs)%bh éspotentlal T cell

stinu ed efficient |FN-y production b
clopeg & B3; avhicl thsed%\@df fHaimda tr@sqi@e@wit&-ﬁa%eldaynmateent using

g S8R5 cbdoseret Bl o s bl

ree&mngonleh tas huamgﬁCRe‘(d wtmegnoacwaldlmwaﬁ spreemerased private

|d|¢;§@ /g; rl%%d’éﬁﬁg or% qeil) clgbééﬁrzl'@slsl;brtg% . @%O%husAused to
evé!P? =4 ékﬁ’re@gloé deal be&%%g P{]rrg\(ll\gﬁhé {‘&@%dé% Ofhich  was found

I ciency. Figure ana ys I'S
to er inidgldy aspddifimdo| HBMheoye eB8-2PB(HBodB:A7) lepjtoper eTheoaksults

tra uc negativ ontrol) or transduced with the
Su@ﬁ@ﬁﬂ&%ﬁ%ﬁ@%&@r?% of V1:38.2 and Va3 chains.
PBL were stained 20 for V138 chain 3 days after

Figur@ngdghbiventiied slestexial Renctipr ©3SHBR18127t Rpdciic! Tiksedic T
9tuH‘iE;clS 27 _TCR I\/b?ﬁétransduced PBL expresslc::s% endogenous

lymphpgyte 66Tl senecB$82.1Camkoxgbieroscein Sucsinimidybirster (CFSE)

labé&%(? é#%%‘é%g%?g@#&; %Qrﬁ%&@ 3ht k“é ?\@ @'tbgaté Wér rﬁlged with

HepliZctelxipae seed mlﬂB@@d@ppum& Teedisp@L c\éil§8vere cultured in

|nd|cat|n 6 successful transducti on and _expressi on,
the presence o sence of CTL clones at a 1:1 ratio for 5 h. P Cytotoxicity was

determined by disappearance of CFSE labelled targets in the presence of C183
clone (+C183). After 5 h co-incubation, the results show that only CFSE
negative cells (no HBc18-27 peptide) remained and nearly all HBc18-27
positive, CFSE positive HepG2 cells were eliminated by C183, indicating the T

cell clone is capable of killing tumour cells presenting HBV antigens like HBc18-
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Figure 7 (B) shows the results obtai ned when nock or

HBc18- 27 TCR transduced cells were stained wth
woiBY836874 A201 specific pentaner to determ ne PET/SG09/000165

Va3 chain was expressed and properly paired with

V138.2 chain 14 on the cell surface. Pentaner

anal ysis showed that only HBc18-27 TCR transduced T

cell s expressed the appropriate a and 13 chains

recogni zed by the HBcl18-27- 201 specific pentanner and

that the a and 13 chains were properly paired on the

cell surface. No staining was detected in Mck

transduced cells 5 because PBL cane from a heal t hy

danor whi ch was ative., Figyre 7 (C) shows
27, o8 AHe PoqSERRGaf ayfEsaace 15 dne «SHlt Gauves' Wbsi 19 CEL was
adtBeMuo® cirLpni ¢ HBV patients (HBV DNA > 107

copies/nil), and 5 HBeAgchronic HBV patients (HBV DNA

< 106 copies/nl). This indicates that the transduced
Figure g stgws Hhat .@1|8§ Eﬁgu slonedecoanirey enepgeneusiy peetassed viral

o B o pabcBRall RS B 901, 7 (D) shove

‘T cells from5 heal thy, 5 HBeAg+ chronic HBV patients
FiguaB\4 DA shods 7theorasedts nif) HBan8-27 siiedific Gotaixicc TH¥vhphocyte

ORI B AT Hde S P

7) fitahlag d BoMed! ThQ c%Hfr@P\'Nﬁs B e 3¢ Sﬁéﬁln@rfgle@% 'él[ﬂy cytotoxic

donors. Fiqure shows the FACS anal ysis o
degranuiation @d‘ statnmgasmmmvga@ﬁ fheRQ1<830td1dfn0trrespond to

the, ARheb0 Sl Ahb URERTES o frsle WSt HRElPPI b cdogranuiate
(CDE0Ea-Eartlitiduict prod@saniFNMy. Wi th HLA- A2+ T2 cel I's which
were first pulsed wth HBc18-27 peptide 20 ("peptide")

d ted f 5h. The f t f th |
ol TBS Mo ol BORSnlsE at secule w

e b e s W S Al
lFNFmrodmtmhmmﬁdegﬂdnulakmnemnhxtatmgtthea(t’e&ﬁ Ttz clomé recognizes
thel EE 1R D RPRRS riivarved piapreseiies oy heentaceliiea sageinoma
ceIl%eBgf?/? bfﬂ'eceal%léﬁééTWe?é RtV el IER 'c%N:M uré Wth”‘He@@ cells

| owi ng co-culture wth peptide pu se
exgressingiB¥ow) . Both CD8+ and CD8- (CD4+ T cells) were
capabl e of producing all three cytokines confirmng

: ' foth |
ol HE B BB PTER S TS0l SSPLRRIE ragray
infeaitea rhep&td@jess Maﬁyhlaépdﬂchyt&s Avhidkvéreaiss it from HLA-A2+

or BEAY R, Ao r b Wbt

275 e&gﬁ??ﬂgﬁ?‘éq Cedyy Scléﬁémﬂi‘gg}rl%ﬁﬁlattlgé ; dHEf?ﬁg?L B@éﬁ&'tﬁn was
megguredi aﬁeﬁBchmtloenoﬁC(I BB\al DN mth HLA-A2+ unlnfected W|th HLA-
mismatch HBV infected or with HLA-A2+ HBV infected primary human
hepatocytes. C183 activation (12% CD107a+) was only observed following
incubation with HLA-A2+ HBYV infected primary human hepatocytes indicating
that the C183 T cell clone recognizes endogenously processed viral antigen
presented by HBYV infected primary hepatocytes that express the correct HLA

molecules on their cell surface.
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5106 copies/m) are shown. The results show that T
cells transduced with HBcl1l8- 27-A201 TCR becone
worehoviisagmet i onal . Figure 9 shows the affinity BET/SG2009/000165
HBc18- 27 TCR transduced T cells from heal thy and
chronic HBV patients conpared to original C183 T cell
clone. Figure 9 (A shows the results when | FN-y+ CD8+
HBc18-27 TCR transduced T 10 cells and C183 T cell
cl ones were co-cultured wth, T2 cells pulsed with
i ncreasi ng concentrations of HBcl18-27 peptide for 5 h
and then stained for IFNy. Data is presented as nean
per cent age of maxi mum response for HBcl1l8-27 TCR
transduced T cells derived from5 heal thy donor

Figuise A ShowBcHeCaRy SaT| 69l SRR 1S E69008s] e HBp18-27

oo I cERo0RkS BRICBIIPEY Befd T AR Cig ona v
gehgtypefd;ﬁc add @e(bladk barse Ecyopeam/AmeriBas Mirus; @NBW)t presented by
. [ [ + B

ditteggntruiond obie HiA-K2 aBHco8ase T Safiin Fosteiriae s (EBV)

traW@ﬁ)rMé@ntB C@éus\ﬂfﬁwm GPERR adibtyhdshdfOHLA-A2l wel83lohded with

cl one and recogni zed the epitope down to
lnoxeas:egtcoacerdr@tlomscﬁ Bc1&Zﬁ@nﬁbpei@mdqtarenmr&tymwsHBV

anf &R BBCTen 7 bl R foC L TRl L AREHAR 44 abured

to cletérming ITsedll wctivatione malmmﬁmmqm Hlipp20af (B) HLA-A206;
HBc18- 27 pegtl de for 5 and then stained for |FN

angd) HlsA-gS\«’ZQ WHEICICIa5S hashiopdes RULBrasPIHEDa HEY opitdpe from

o EARAGRE A IS e Rh T SIS ik efplpudreinseh vy

praxiudtienttsy ’ﬂ'idBK/c@m c1897T ceibclesnbrwas faurdl t biBabip fo recognize

theEs 27 BeireuEh e ST ok § AL RBCdeypes Brd G or

geﬁb%@gnﬂyaﬂ@rm esnd WY bR dAsT fdRdgndiedafREstcehlislly when
derived frompatient T cells were | &ss sensitive

pressnied by the tlres3mbst doninant HIFeAS- Uubtyprs ADRE1 TA),WiD206 (B)

ana%ﬁ(ﬁs 74PCT/ S&009/ 000165

Figure 7 shows the analysis of T Cell Receptor (TCR) transduction efficiency.

Figure 7 (A) shows the FACS analysis of peripheral blood lymphocytes (PBL)
when they were mock fransduced (negative control) or transduced with the
HBc18-27 A201 TCR comprised of V8.2 and Va3 chains. PBL were stained
for VB8 chain 3 days after transduction to determine expression of the
introduced HBc18-27 TCR. Mock transduced PBL expressed endogenous
levels of VB8 (CD8+=1.8%; CD4+=2.1). Expression of VB8 increased
substantially after transduction with HBc18-27 A201 TCR compared to mock
transduced cells, which expressed only endogenous levels of VB8, indicating

successful transduction and expression.

Figure 7 (B) shows the results obtained when mock or HBc18-27 TCR
transduced cells were stained with HBc18-27-A201 specific pentamer to
determine if the Va3 chain was expressed and properly paired with V8.2 chain
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16 cells were activated at 100 pg/m indicating that
the introduced HBc18-27 TCR was highly sensitive, even
wo poovhsssabsence of the CD8 co-receptor. Fi gur ePQDSGH0%800165
the expression of optimzed HBcl8- Opt-TCR conpared to

the wild type HBcl8-W-TCR. 5 Figure 10 (A) shows

hi stograns with the percentage of V138+ T cells from
nock, HBc1l8-W-TCR and HBc18- Opt- TCR transduced PBL
cells. Frequency of V138+ ceghls was conparabl e between
the optimzed and wild type HBc18- TCR transduced
cells. Figure 10 (B) shows the conparison of the
expression | evel of V138 in nock, 10 HBc18- WI'- TCR and

ol AR s i IR B T
traMkd@ce s ! de?ls"@@ré‘s?s%@l th@%dr&éﬁ’été% §H@\{S él’@@/&i ‘:r%é’@dg%i&ﬁby the

no significant difference in the |evel

HEod8-264i261 $padifice peotamer andi thatdthe o @ndyﬁechm were properly

Pl A ol ShitBea sV Pk b BIREY HMBER HiahSpuced cells

besh@éd PBY cdraé fion & dBaftRg doBbPWRICHBRAS PRRCAZIRGRItIVE! €
stained with anti-CD8 and HBc18-27 HLA-A2 specific

pentaners. Nearly a two-fold increase in the freguenc

Fwepér(@nﬂiovb%m.m@ar&érq%lenﬁywofcw% Tr%@dﬁ@% mh@ﬂ¥hy, 5
t

P s GBI L R, g S sone

cheoayic éﬂB‘édpatce‘rés HB\CIDMA| ¢ T0°ooopies/naladoThispirididates! tBat the

tralfadios CHen i Sresdecr eadll WERGS BRgnic i pgpents

an8%@alth goﬁgH_s in Tcells transduced with
HBc18- Opt - TCR conpared to HBc1l8-W-TCR constructs.

Mock transduced T cells, HBc18-W-TCR and
Figyse 78(R)pshomerthe: mea fraguencyTdBEM@TtAR 1 SpeLific Aentamer+

T BB Y Sl B LA Vel e sy B 3 10

coplgéh‘hl) bamﬂ & HiB;aA(g déhrtombl ngﬂfpalefdgﬂ(HlBabﬂM?Gk wo;t3 :”d:olpleslml)
al ne or I Nntrace ul ar

Th@ym@aa%s é'ﬂ%ﬁ %gpopﬁ?i'é( paitef] tt@néé%?% rfﬁ%éa PHRAEssack egually

welas cRRHiE WBY patients and healthy donors.

Figure 8 (A) shows the FACS analysis of T cells transduced with HBc18-27
A201 TCR to confirm that the introduced HBc18-27 TCR was functional.
HBc18-27 TCR transduced or mock transduced T cells were co-cultured
overnight with HLA-A2+ T2 cells which were first pulsed with HBc18-27 peptide
(“peptide”) and incubated for 5h. The function of the T cells was then assessed
by intracellular cytokine staining for IFN-y (left column), TNF-a (middle column)
and IL-2 (right column). In the absence of peptide, HBc18-27 TCR transduced
cells were not activated (top row). Mock transduced cells were not activated by
peptide pulsed T2 cells (middle row). HBc18-27 TCR transduced cells were
stimulated to produce IFN-y, TNF-qa, and IL-2 following co-culture with peptide
pulsed T2 cells (bottom row). Both CD8+ and CD8- (CD4+ T cells) were
capable of producing all three cytokines confirming function of the introduced
TCR in CD4+ T cells and multifunctional capacity of TCR re-directed cells.
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17 two fold increase in the frequency of IFNvy
positive T cells transduced with the HBcl18- Opt-TCR

w@owpas@i to T cells transduced with the HBc13PGWSTLR/000165
The increase in pentanmer positive cells correl ated
with an increase in functional cells able to respond
to peptide | oaded target T cells. 5 Figure 12 (A) EBV
transforned B cells expressi ng HLA- AO201, -A0206 or -
A0207 subtypes were | oaded ydth increasing
concentrations of HBV genotype Al D HBcl8-27 epitope
(sequence provided in Table 1) and co-cultured wth
HBc- 18- 27 TCR transduced T cells for 5h. T cel
activation was neasured b intrac [1u

Figiei (R Showe bl DBSIR2T SO Irenseiused Ragelierigom Shronic HBV
pa{lg&]s_lérzezégégu Tﬁﬁnétroff\%i;%g?qbtﬁy nﬁr‘:&sf W'fr’Aeg;u‘ehey of IFN-y,

pti ope present t1ple HLA
TNR+btame -2 pagitive dsﬂls(ﬁBc)»mEB‘helaﬁbyt,sﬂS d1BedgB ochednis HBV patients

(HBYPRRA S, Sonidstit agd 2o RBRASr shraie MaV ABUSRER e, DA <
oBbgpllé&ﬁm& afd sEBivh OPRe (SQHeSSHORB thatt AVésIRdraisdlieBl Svifh) HBc18-
and co-cultured wth 15 HBc-18-27 TCR transduced T

27205 TER bagome nudtiflungtienalat i on was neasured by
intracel lul ar cytokine staining for IFNy. The results

Fi 8"5 EHQ\R/SHES %@?M@E%@cﬁ%f W%ﬁ%ﬁu%edeJ Eél,s frop1 healthy

ecogni ze"t epti‘ope prese

antichrddc HBW pptientsfdoppared 2o ofiyinah @WSBﬁlécelbslohES vvhen
HLA- A2+ T2 cells were | oaded with each 20 of the

Fighte ¥ (aaHBisahe roruls When JEus r CBRh 881§ 35 teR gisduced T

cell€ENidign 'IOfce‘IIhéloﬁ’é‘sa%ré’%btbtﬂﬁﬁeﬁﬁﬁntﬁeTQr Hélfse‘i)dpééd with
intracel lul ar cytokine staining for

inaseagieg cepcettrativmsmfttibe1$HEptnepsde é@re5 ﬂﬂraﬂd tmm $tﬁlrre§lkfpé IFN-

V- bt BEBeR &5 s d EBRIHPAE Ut iU bS5 s iBee-27

TOMBeaAsddde2T cehé idepeed Tiven Brisddltiy ldcriods, L@HBemg'él- l‘:l&rfoﬁ?ﬂic HBV

to the control ere the HLA-A2+ T2 cells were

paligaadHEN DN%hﬁ%ms/@Gpﬁn@@ HBQé\ge%b'fOé‘é% Hﬁ@/ Patients (HBV

B Y
frefoendy Waries.t Resufnlltseslanwetmt tlﬁ@ ;agindtwfgrl thleht wdml(ém)ope of CD8+
t S were es ar o
HERIr % dRs S iarsaypss “Eicur daived framy Gaiast T Cels was,igentical
wfféﬂnédrﬁﬁ R foott%eohgwal 88 el ?ﬁé'a?lddﬁic%pmié@dt@eﬁltope
|ntracelu ar cytoki ne staining after stinulation wt

dopiagoicdacentratbansTd @ &l-11spg/Mie resul ts showed t hat
HBc18-27 TCR transduced T cells can kill HOC cell

Fidbd ) Rrpll e PR i TR GO BE P 2P Rt uced T
cellabglce CHIC Tl tiones wWoap Go-cdililedBwith SNR- 6 putser] with
increasing concentrations of HBc18-27 peptide for 5 h and then stained for IFN-
y. Data is presented as mean percentage of maximum response for HBc18-27
TCR transduced T cells derived from 5 healthy donors, 5 HBeAg+ chronic HBV
patients (HBV DNA > 107 copies/ml), and 5 HBeAg- chronic HBV patients (HBV
DNA < 10° copies/ml) where C183 is 100% specific while TCR transduced cell
frequency varies. CD4+HBc18-27 TCR transduced cells derived from patient T
cells were less sensitive compared to C183 but 50% of HBc18-27 specific T
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10 | oaded with increasing concentrations of HBcl18-27
peptides and co-cultured with HBc-18-27 TCR transduced
wa2eenses7at Effector to target ratio of 1:1 foPCBSG2009000165
the presence of Propidiumlodide (Pl). Dying target
cells were D OC+ Pl+. Results are representative of 3
experinments. Effector T cells were considered to be
| FN-y+/ CD8+ cells determ ned by intracellul ar cytokine
staining after 15 stinmulatiod with peptide pul sed T2
cells. The results showed that HBc18-27 TCR transduced
T cells are able to kill multiple HLA-A2+ HCC cel |
lines. Figure 14 (A shows that the E10-1D T cell
celld ARfe Qi - t r.ecogni
e cuVaed B 100 Ot hAPRS et g dhrdaudebARR 827 ToR
wagdighly|senaitive, evateindbe @bsenge bbthe€DBRidesteptstyi ded i n

Exanpl e 10. 20 T2 cells were | oaded with increasing
P00 Mook BB K PR G BUSPTeBl becsto he
wilth typelHBCABAWT-TOR. | FN-y. Data presented as percent

maxi mum response to normalize differing frequency of
esul ts show that HBs370-79 specific

. | The .

F @%@WPW Shews Sistpgrams with ihe percerisrge nbWEStHacells from mock,
: | . :

e e 3t el PR FFEECR RelnSdlceh e e akrtBpénoy of

vari ants of
VBgheeljenas pomparatilarieiwaer the optittzed BndabilEtyde HBc18-TCR

Iﬁﬁ% -79 TCR transduced T cells were co-cultured with
fra -égf "cells loaded with 1 pg/m peptide of each

genotype 19 for 5 h and activation was assessed by

Fig @R 00 (B ash@visth 2 BOmplafiboh tﬁ@re){p@bs)f n V‘“Vr&{lﬁgc%fp\%é\ i rfock,

S are identical. The results sho

H B‘Flﬁg'g\?ﬁ'c'%g? &pedilBe 8-PoR TIGR dianisdused)@rerligpTo comnparetihe level
- ' talled, d i ption of the

of GHor ol e AN, it ERdriNftensiy MFILEI 088 BRlaWas ubgd. The

resytseshow dhatcitlisreatvasnner sightficaneruigaicRBs i s SvhN of VBs
expt%ls%ifo{)m of aljst of references and added at the end

HEPEIWGEA Qrtimizad apdovild Bieet KRR tesnsduced cells.

bi bl i ographi c references is herein incorporated by

oA SO 1081 10 B80T REETS R s

penga}gp@rngt_@éniegac_ﬁﬁs friom eachegroap rhentionethabdws Were stained with
anti;/(gl?lg%gsl'-lﬁgw-b% A sr()]léec]:ciﬁcg1 Sgn e, ggﬁly \ghte\ivro%fotlg ?ncrease

in the frequency of pentamer positive cells in T cells transduced with HBc18-
Opt-TCR constructs were shown compared to the wild type TCR suggesting
that the Va3 chain may be expressed more efficiently from the codon optimized

construct compared to the wild type sequence.

Figure 11 shows that there is an increased frequency of IFN-y positive cells in T
cells transduced with HBc18-Opt-TCR compared to HBc18-WT-TCR constructs.
Mock transduced T cells, HBc18-WT-TCR and HBc18-Opt-TCR were
stimulated overnight with HLA-A2 positive T2 cells which were initially pulsed or
not pulsed with HBc18-27 peptide, in the presence of 2 ug/mi brefeldin A. T
cells were then labelled with anti-CD8 PE-Cy7 and stained for IFN-y by

intracellular cytokine staining. The results demonstrated that there was nearly a
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conmponents, ingredients, or steps, can be conjointly
enpl oyed in practicing the present invention.
woewonstismgl y, the term "conprising” enconpasseBCT/kg2009/000165
nore 15restrictive terns "consisting essentially of"
and "consisting of." Wth the term "consisting
essentially of" it is understood that the exogenous
TCR pol ypepti de and/ or pol ynucl eoti de according to the
invention "substantially" cepprises the indicated
sequence as "essential" elenment. Additional sequences
may be included at the 5 end and/or at the 3' end.
Accordi ngly, a pol ypeptide 20"consisting essentially

w golHeRaS Tadnd enuaney of T eesifi feodisdimativosd with the
HBWIBIOPhFCResdpaRIISIoST icefs BanstticéPwitidBe HBOB-WBTCR. The

. the pol ypeptide and/or pol ynucleotide according to the
Ingregeemin pentamer opibive setls catrelated witbran intragdse inrdncticrnad cells

0 I k| 6 _sequence indicated
ab%e@hur%gﬁ%{q @@%ﬁ@g? t%’%%ﬁhéﬁﬁl& ogous sequence or
fragnent thereof). 20 The term "exogenous T cell
Figure et ¢A) EBNCRansforhmde Bneeltf erpibsamhga HLAcA0RD Nank020eRor —

Lch is expressed in a cell by introduction of
AO?’@ZQ%W&P@SC@%B@@QM'& dacregping cengentratipas of ¢ Ygenotype

N@MBEWZ?%H%&@%E%@ Jr_fé%;ggavirberawrgg@f;ﬂ couftured, with

cell in whic I's either not nati expressed
HEsr18-27eck@Relsanstiuged| Bells fohah. areell astivdtioni was measured by

RN RS R R TeBtn T B BROY el B, HES .27
Toretraneducs Pitells ¢66BY ety HBTaBAB EEphepé pRiseifted BY multiple
full sequence of the HBV epitope-reactive exogenous

HLARZ sHbtReSonpri ses the active site(s) that confers
the sequence with the characteristics and function of

; t i - Chli e DER.
Pl o PO SRR 0 0 EgARARHD TER Abor, 0200 o -
AOBOE |sebtyps werealvadedaeitidl indvbasing reapeehntratibras of tHBY genotype

o T a0 Geak e B 4o 8 Tt LB S it
HBEBE-87 2ICRAHArRRIcBAT @klls K6r 5BST /s’ ciRitibARfas measured by
intracellular cytokine staining for IFN-y. The results show that the HBc-18-27
TCR transduced T cells recognize the HBc18-27 eptiope presented by multiple
HLA-A2 subtypes.

Figure 12 (C) show the results when HLA-A2+ T2 cells were loaded with each
of the mutant peptides of HBc18-27 epitope and co-cultured with HBc-18-27
TCR transduced T cells for 5 h. T cell recognition of the mutant peptides was
determined by intracellular cytokine staining for IFN-y. The sequences of the
mutant peptides are provided in Table 1. As can be seen from the results, the
HBc-18-27 TCR transduced T cells recognized various mutants of the HBc18-
27 eptiope. The Unstim 1 and Unstim 2 refer to the control where the HLA-A2+

T2 cells were not loaded with any mutant peptide.

Figure 13 (A) TCR transduced T cells from each patient group (healthy,
HBeAg(-), HBeAg(+)) were co-cultured with DiOC labeled HepG2 cells
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The term "HBV epitope-reactive T Cell Receptor (TCR)"
is herein defined as a 15 TCR which binds to an HBV
wWepiowopd74 n t he context of a Major Hi st oconpatP@i/BG2099/000165
Conpl ex (MHC) nol ecul e to induce a hel per or cytotoxic
response in the cell expressing the reconbinant TCR
In particular, the HBV epitope may be HBcl8- 27. Mire
in particular, the HBV epitope nay conprise the
sequence of SEQ ID NO 25. The HBV epitope may be
HBs370-79. More in particular, the HBV 20 epitope nay
conprise the sequence of SEQ ID NO 56, SEQ ID NGO 57 or
SEQ I D NGO 58. The term "HBc 18-27 epitope" is herein

defi ned as an epitope that tigul ate HLA cl.a I
exp(@@ﬁmgct*@ﬁemtlr@eﬁbé(ogpnowgy(@?u 2ok &ﬁ@%ﬁﬁf?ommol cell
. ' i O , 18524, -

I D T Bl G of B e e Bosence of
Prepidiunp e ladige bePl). FIDRGMFFRRYEt (COHS) WBrélODIBL+/Pit. t Results are

resent. i nyention, the termHBc18-27 is used. t f
rofTE SR KR PXOBHTIEDE TTetnd: B Wets [pBvskted T Be IFN-
y+m99%éll§ééfe@ﬁiiﬁébﬁbgfntﬁé%@nﬁaﬁ BytokiRe! S2aiNii 2 afte V€imulation with

2009/ 136874PCT/ S&009/ 000165 21 unl ess otherw se

peptide pulsethE2 celis.ohheresulis showad thas k81827 H&ERdrangguced T

cob bR e s SUAEE gk BeBuAT A 85, BlogbBeLg: are
loziedepith teeHBVa18-2arpesttideul ate HLA class | restricted T
cells. The sequence of the epitope may be 5

Fiae Lol RS Jevelad HOGe nssritteie SRR b 488 were
locRfdidt AR iﬁEréé%ﬂ% %Bﬁcé\'@r&foﬁ%%feﬂBcQW%bP% 32 BS-cRitured
sequence SEQ I D NGO 56 unl ess ot herwi se stated. The

withddBori 8e27 (iR Trapetuced T astlsat tBffecidni todtarges ratie of 1:1 for 6 h
itope is referr. 79, TCR, The .t

. d t 370 er m..

in 5% iRieicd b BTEtm e (BN it orlE ik hiocpi+
Reg@fts BRsl réisred8ntative of 3 experiments. Effector T cells were considered to
be IFN-y+/CD8+ cells determined by intracellular cytokine staining after
stimulation with peptide pulsed T2 cells. The results showed that HBc18-27

TCR transduced T cells are able to kill multiple HLA-A2+ HCC cell lines.

Figure 14 (A) shows that the E10-1D T cell clone or HBs370-79 TCR
transduced T cells, recognize HBs370-79 epitope loaded HLA-A2+ T2 cells.
E10-1D T cell clone is made according to the method provided in Example 10.
T2 cells were loaded with increasing concentrations of HBs370-79 peptide and
co-cultured with E10-1D or HBs370-79 TCR fransduced T cells for 5 h and
stained for IFN-y. Data presented as percent maximum response to normalize
differing frequency of each line. The results show that HBs370-79 specific TCR

is functional.

Figure 14 (B) shows that HBs370-79 TCR transduced T cells recognize
genotypic variants of the HBs370-79 epitope (The sequences of the genotypic
variants are provided in Table 2). HBs370-79 TCR transduced T cells were co-
cultured with HLA-A2+ T2 cells loaded with 1 pg/ml peptide of each genotype
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10 anmount which results in an i mune- nedi at ed
prophylactic or therapeutic effect in the subject,

W0 2@9/13@8mat anmount which will prevent or reduckBCT/SG2009/000165
synptons at | east 50% conpared to pre-treatnent
synptons or conpared to a suitable control. The term
"isolated" is herein defined as a biol ogi cal conponent
(such as a nucleic acid, peptide or protein) that has
been substantially separate 15 produced apart from
or purified away from ot her bi ol ogi cal conponents in
the cell of the organismin which the conponent
naturally occurs, i.e., other chronmosomal and

o RO o AR, P A RSBl MGk eL o
Gen g&fy ﬂcl&u@es e el fenfes. N ?éémspsﬂdw itREt PIBs370-79

ard puritircation nmethods. The term al so 20
specific ZEES renognizies gariotiic pepiantded the HBs3T0eT hepiorpar ed
by reconbi nant expression in a host cell as well as
) f%&'d eic acids. The term
et—trerei n defined as a functi onal
I|nkage betmeen regul atory sequences (such as a
Biliograpie esfdfencear maghtivhedr éinSd:hie pprement asp@a:ufutntmﬂi rare for

sites d a.second nucl eic ac uen wher ei
corﬁ\é@w&feoﬂ g?é’r'ﬁ‘c%fsa fistet et etr% andatigad ot t ﬁh@”g of the

C [ r disRg t 2
R wﬂhhéﬁﬂ{ TR O oo (SIOBEPEE. FIBHRES, o Horein
incheparateddiey refeteree. one whi ch has at | east one ami no

aci d sequence that varies fromat |east one reference
i rus-encoded sequence via substitution, deletion or
De %'Oﬁlson of at |least one am no acid, but retains the
ability to bind and activate the TCR bound 5 and
Forebhvaiiedcdy céit@innenmeuemptoyedpint thee spécifipatidri, cedeanples and
the nutants may be naturally occurring or may be
apP%‘%‘iﬁﬁb?ﬁHﬂ%?&‘a 6‘?”% 8f8-cal |y produced. The term
"soluble TCR' is herein defined as a soluble
Thé S &Pt e difing "Oflstlli@reﬁ?“?’éfﬁ{é%i Rgumg Tﬁ;ﬁ ‘Whér’é ithie t D8rious
nol ecul e that 1's responsible for the T cel
comgoongnist nrtgwedlbntsh@r@tmsgmnfm cmhjotmlyl empl@ys[demma@tlcmg the
| n %ts S Jub e anal oHous..to a_nonac

prespt (e e ArcoRita; (1 18y PoaBHR PGy Putareess A8 more
remweot@ﬁnwé@ﬁeuﬁtr@deysewﬁawﬁr %@%h@l:‘stlm iof.e

ant| bodi es recogni ze determ nants on a whol e protein.
particul ar, the isol ated gol ypeptide of the present

Wlth@1€$r@h “ﬁ@'ys'ﬁ@ﬂg@éaemtaﬁllype dlids Mgdarsierd dhat 1r*@qexogenous

TORFROTBP S PSR g 0 oA i

comprises the indicated sequence as “essential” element. Additional sequences

may be included at the 5" end and/or at the 3’ end. Accordingly, a polypeptide
“consisting essentially of’ sequence X will be novel in view of a known

polypeptide accidentally comprising the sequence X.

With the term “consisting of” it is understood that the polypeptide and/or
polynucleotide according to the invention corresponds to at least one of the
indicated sequence (for example a specific sequence indicated with a SEQ ID

Number or a homologous sequence or fragment thereof).
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15 and/or HBs370-79 epitope of HBV. The term "subject”
is herein defined as vertebrate, particularly manmal,
woreee/1p@r4 i cul arly human. For purposes of reseR€ThG20091€00165
subject may particularly be at |east one ani mal nodel,
e.g., a nouse, rat and the like. In particular, for
the ani mal nodels, the sequence of the TCR a- and 13-
chai ns nmay be sel ected 20 based on species. In sone
cases, transgenic aninmals expressing human MHC
nol ecul es may al so be useful in evaluating specific
aspects of the present invention. A person skilled in
the art will appreciate that the present invention my

' i £ houyt ! i t.at | di .
TeRheClddialt T o3l rRendp (LR ERRR iR e A tubinant
TCGRdwhltaNis adxprassedisindas eeil bey infroblibstidrefsir @ngén&iﬁé/ &dbding

or fromprotocols in standard bi ot echnol ogy an

seqyerRees for 8i bEBgynt eaitichlebkthe HBY |apitope-raaplivgt T&tRtrhay be

t. . t . . H " t .
oSS0 BLER [ RRE T AR essoa or i
exprassefetrievslsi thet aregeudfigent toeinbucecepisponse @) taneéll or a

or fra nt t f. ch cells may be suitable for
re?f?é‘d@ﬁ%g@&iﬁ?ﬂagiiﬁ%ﬁ‘?gm%?%t ocol s to provide a
particularly effective node of treatnent. The 5

_ ¢ ) _ o ! .
ThesetatRagweht’ss AkrdiR@chned 88ta l_ﬂlééﬁ‘{p'lé%F olﬁeg%ﬁgpgﬂbf the

the problem of deletion and sub-optimal functi
fullgaguspeeidfite B4 epitopemEactivel xogehous TGR wichpeamprises the

sl BT, A PR 6 e fon
thevhiB\bepitsrsrdaetive éixogehot FCR 4R IgarGddlar, # mbP®e shorter by at

aIf%n‘iglhocyt es. of chronic HBV patients for TCR transfer.
leagy ong nyiglaqtide o aminsyacidaMarednnarticutays the fiagepenteeprogrises
’ Wy 00 [ t. 4 t '
i 0% LU0 AAREME) DV el B8R BARBRRGNECR o
recagnisedheHB&18-2R @ipitopamtdfor the IHBETO-T@epitdpd.unct i onal
a- and/or 13- chains that may assenble to form at

Thp g5 < BRY: Sbie e ok Rl SR RE R Tinheieimdstined as o
TORMWNICATIRGEINS aKTHIBY ckftob 1h ife BohtextBf & NUJoP RIdbEMPEibilty

at least one cell isolation kit, Fico que

Copginden 8MHemolacuigyta inghiceBd helesron eytataxic &spainsg in the cell

: N i h Ll
o PYSHRE RS ol AP TCR P BeRl! f ABL A iobuEs i ecre
271 Mere irt paxficutay, the BV asithplr iy RomRet thenR gt ©f SEQ ID
N t_géa\t l;'ray recei ve the resultant_transduced or
Oodn-r 2netldBVYegPiiepe gnay he diBsHN-49. Mate insareticedare he sHBV

i i 0 i r . 1-6S
PR, Ry RS, e IRAoR Tl 1D NEL 88 S I N7 or e
ID N@:p&rticular, the isolated cell nmay be at least one T

cell that innately

The term “HBc 18-27 epitope” is herein defined as an epitope that can stimulate
HLA class | restricted T cells. It may be used interchangeably in the present
invention as HBc18, HBc18-27, HBc18-27 peptide and the peptide. The
sequence of the epitope may be "FLPSDFFPSV” (SEQ ID NO:25). In the
present invention, the term HBc18-27 is used to refer to the HBc18-27 epitope
of genotype A/D prevalent amongst Caucasians of sequence SEQ ID NO:25
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expresses at | east one CD4+ cell surface marker, at
| east one CD8+ cell surface marker, both CD4+ and CD8+
WOorenokasesst nei t her CD4+ nor CD8+ cell 25 surf aR€T/SG2009/000165
markers. In particular, the cell according to the
present invention may be at |east one T cell that al so
natively expresses at |east one TCR The HBVreactive
exogenous TCR nmay bind the sane epitope as the
natively expressed TCR, andker nmay bind a different
epitope. In particular, the HBV-reactive 24 exogenous
TCR may be expressed in at |east one cell in which the
TCR may be either not natively expressed or may be

. at I . A e insufficient to indyc
urfeS SERENSE ol EcTne JBbICIE Bt G el I relpBRr 1h Pt the
epitopdiis gsfetrad pabt iHBY18-27 TGR b pIBY18dTCR! | according to

the present invention may be 5 transduced with two or

re dif nt HBV-reactive exogenous TCRs, i.e., TCRs
Thinite b.*;ﬁs - 19PRioDRr & Berdiar definads\rse@int Gpitepe that can

stlﬁ\%‘}étéxlﬂgﬂe&a@i r&&tkiSte gh‘a J@geTQlﬁfﬁsc@%nEQedfrth@éﬁope may be

i nfections, provi excel |
"SNESPHPJAI’H(SEQT ID:NIO §6 )t ltm presgenhlrg/lenabﬁ | thittgrmt GBs370379 is

oo e BRSO ol TRl BRI St

Ca@!cabi%ﬁ%tof@é@qubﬁéé @EI@W‘N@VEJG" GfkSs bﬂ%%%*ﬁ'atecﬁ%e region of
cl oning the §$I¥Pucleot|de sequence encodi ng t

theyhrell 38eeiion indsetotor emitope i eefermed te astHR=370-ZRMCR.
Owce t hese sequences have been cl oned using standard

8 , se QS e | .
WSO by SBHEE R gned as an
amoamit atréch ce%dltsrra;arbmmunebné@dtemﬁmphvmdc for @hérabautic effect
of the TCR by the isol ated

hle f
in {8 $ 00565, L1 (RabATRONT Ahich WU REVEaLPG e Drae gt least
5094\6bmg8ret @Ja@rtﬁbmelnt egﬂngwrﬁs op th{gia?éb‘? %ﬁﬂaﬁl@eco-ﬁ%l

I's expressed in vitro of ex Vivo expr essi
the TCR rméﬁge eval uated for reactivity with HBV
Thegermpdsolatadinig hrreinr dpfinedrease sbiotogicdl esasponert (suchnas a

|
bl oo S5 16 6 ot Ry sevres
proallicedi sgeat fOnt, @rgiurifiedsdway fros bﬂ%ﬁblobbﬁza]'@&ﬁwheﬁkss fh the

io e>i1 pressed in_vivo to provide a therapeutic ef
cel| (pfaihe ©sganisie i usiebt theh Wﬁaﬁérl@@tﬂraliy @CCUI’zSt le other

bSR30 7 R0 TR G Hocre

amdscpentld@s tamdt bmtelneswhtchl haesntbezm Bayatbe ﬂwuscmmd@l nucleic

acit A2k odateis PRIRY & SlandeRbyPUREGaAN MoeRandhe term also
emB?éc%rsoﬁd&%“ 8 Qéldél | Cﬁﬂt&ﬁsagfegﬁ_%@e éc!%rﬁomant

onpl ex that recognizes at | east ope
eXprﬁSSIQG i arhast celb bis atelll amshemivallgswsthekized nucleic aC|ds

The term "operably connected" herein defined as a functional linkage between
regulatory sequences (such as a promoter and/or array of transcription factor
binding sites) and a second nucleic acid sequence, wherein the regulatory
sequences direct transcription of the nucleic acid corresponding to the second
sequence.
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Cass Il MAC nol ecule. In humans, the MHC restriction
of at | east one epitope may be dependent on at | east
W@r@n3sr4 cul ar Human Leukocyte Antigen (HLA) PAWISG2009/000165

2009/ 136874PCT/ SG009/ 000165 25 expressed by at | east
one cell presenting the antigen. HBV-reactive TCRs
that may recogni ze HBV epitopes restricted to any HLA
type (i.e., HLA-A HLA-B, HLA-C, HLA-DPAl, HLA-DPBL1,
HLA- DQAL, HLA- DQB1, HLA- DR??_ and HLADRB1) may be used
in the present invention. For purposes of study, the
HBV- 5 reactive TCR nmay recogni ze at | east one HBV
epitope in the context of at |east one MHC nol ecul e of

at, | egst one species other than _human, e.g., H 2K of
Thﬁé@&@?“_m%a@tﬁrqrﬁewtarﬂt fOfRG of ?&Saeﬂ?%% e Qsﬁv%és one
V8R! AORRSt iR a o%icﬁ"%@ﬁ%grﬁétthbt?t\éﬁes from at least one

w
,IAppr oxi mately 50% ot the gener popul ati on expresses
refelendeHdrupentedss Isequencallvia iubsikRfioan deletion srerddifips. of at

le25h 88 NP A U RETAS M SRV O HiE% S el TR bound
anddgitivated B9Re MdHinfitated eprupe. HhAbAiiedlatl thel Afitants may be
rising’ HLA- A*0201, *0202, *0203, *0206, and *0207

co
nafialy peauiiag or MEvEbe repgmiaapilsor avithaticalyrradeeed.n
t he subtypes between Caucasi an and Asi an popul ati ons.

er, % fua 2900k : L
s R R s U e e SR
methbraescoqupuT @RI whichdy the nwletwe tHatis respon&BRs for the T cell's
HLA- A0201;.. 45% HLA- A0207;. 8% HLA- A0206; 23% HLA- A0203. . .
reeﬂgé"tm% dhe  ARIGEL & WHichy dhis GiPaeliF- ve ﬁ@xﬁf@ﬁﬁ?@o@m it is
anBRABLE 8- anbhséloRbl KRAKEDY 'EXEERf eRst it Vi_cHBYZ8R! A&titfents of
and their sequences may be found on 20 page 233,
peptidgr easddcigitte with eddHEF pwlemdess whilet hantibadiese recognize

ol i RSB O BabREAR G Mo qpgpiteof the
pragedilt ir@etion ¢day Vi el f5r prbd@diny@BoblecTCRSusiag &iny method
i ncorporated by reference. The HBV_e

it
Kn@WHR {1 ot Mogd.dn PaRiculsr thexsRlblenT CBrmay G kniheyHRc18-27
an )‘6“#?5&%17@9% gﬁﬁo%&ef HB\/m"t ants thereof. 25In
icul ar, e

par t epitope may conprise at |east one
hepatitis B core antigen, and/or nmutants thereof. Mire
Thertepar'subjectris HdreinHibdfirega Bsperiabyateo papriicctaryBoEda@a@|, more

oo 4 B 0 e o kSl bo
ledsP¥NRCAninf mhEGEIMRIE, al Ause, rat and the like. In particular, for the
animal models, the sequence of the TCR a- and B- chains may be selected
based on species. In some cases, transgenic animals expressing human MHC
molecules may also be useful in evaluating specific aspects of the present

invention.

A person skilled in the art will appreciate that the present invention may be
practised without undue experimentation according to the method given herein.
The methods, techniques and chemicals are as described in the references
given or from protocols in standard biotechnology and molecular biology text

books.
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26 HBc18-27 epitope present in genotype A and D which
may conprise "FLPSDFFPSV' (SEQ I D NO. 25), which are
wore@v/1pisev/al ent in Europe, differs from HBcl18-RJI/SG2009/000165
epi tope of genotypes B and C which may conprise
"FLPSDFFPSI " (SEQ I D NO 26), which are nost preval ent
in Asia. 5In particular, the HBV epitope may conprise
at | east one hepatitis B envel ope antigen, and/or
mutants thereof. More in pgg 4icular, the HBV epitope
may conprise HBs370-79, or mut ants thereof. The
HBs370- 79 epi tope may conprise "SI VSPFI PLL" (SEQ I D
NO 56) or mutants thereof. Furthernore, the HBs370-79

In ggéta}%peggpf%{q?tprqagg%?r?\g%%%A eargﬂﬁ,%;ﬁ"\?.'g‘ég qr,@gg Pohe' lsoelated
celPc Bﬁﬁﬂr%mgs'af‘ I@é‘:ﬁ"cﬁ’ﬁe HEV T ftépé#@ﬁ&tﬁ%sé %J&@Tt@éﬁr&feptor

genot'ype may corrp | se "N LSPFMPL (SEQ
(TGR) andhdr &pgmané thdregie Satchpeells may die m;ahte)ﬁ‘q;rrusaem adoptive

SEQ .I.D NO h.are t
trapRleRgraiochls 5 ArPUH A Parficieny 1EELags dnfige o IREMER The
isolt&88 &alls 'dTVcﬁétﬂr@@erﬁfﬁhvér\ﬂdrhﬁfaycélfmfnh%t&he 1&ob%ﬁ$ Tof @fetion

second HBV epitope-reactive exogenous TCR and/o

and rsaugreptimalienetion ol \espetifie ﬁ@dl-@WrFe%ﬁihSu w@ch may be

th t Hel
reZS R I8 P nf YR Bl Y e fRrk AR TR e’ TER from 2
pafieittwitss P@olvédﬂmeslelvndfebﬁbh eyt b @seayo pedirdds 37 sgscificity of
and the f| rst ep| to be HBcl1l8-27. 20 The
theglyBphiosyie Pa entgifor pgRtrapgfen- chaj n
conpri si ng at Ieast one ani no aci d sequence sel ected

f u EQ |
AR MRVASSONY HiRg iy S8Rt ITy | Bebtming o

trahsdycing at ldast pne h@l@@d getwith aBRoc mmelmésmlmedt@l@gtencodlng

one a- chai sing_the se
furBBSREY o AaieTeRRehinRced)Sr RRERRRERs 41 bR i, 3or 6-
cha’iﬁs Ghal MayBRehins tefdrmt Bf RRiss @ﬁéquﬁ@tﬁ)na‘SHB\yJapN&aQ reactive
%rﬁ NGO 10 and SEQ ID NO 11. The a-chain

asliculare tb%tﬁ@éat@wetbm@egeuwﬁt@dgus'w@nmemlgge known
in f?\%g%r?‘mo%) r{\lgaﬂtﬂcufa?néfef‘e%’[ AL Yeell'i8olBASH kiU ERbt-Bdue density
gradient centrifugation, BD FACSAria Cell Sorting System and the like may be

used to isolate the cell.

The isolated cell may be at least one autologous cell, i.e., they may be derived
from at least one subject that may receive the resultant transduced or
transformed cells. In particular, the isolated cells may be derived from the

peripheral blood lymphocytes and/or hematopoietic stem cells of the subject.

More in particular, the isolated cell may be at least one T cell that innately
expresses at least one CD4+ cell surface marker, at least one CD8+ cell
surface marker, both CD4+ and CD8+ marker or neither CD4+ nor CD8+ cell
surface markers. In particular, the cell according to the present invention may
be at least one T cell that also natively expresses at least one TCR. The HBV-
reactive exogenous TCR may bind the same epitope as the natively expressed
TCR, and/or may bind a different epitope. In particular, the HBV-reactive
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27 essentially of the sequences SEQID NO 9, SEQID

NGO 10 and SEQ ID NO 11. Al sequences used in the
wW@e@9asi874 nventi on are given in Tables 1 and 2PCTH&2009/000165

exogenous TCR nmay further conprise at |east one

13-chain conprising at | east one am no acid sequence

sel ected fromthe group consisting of the 5 sequences

SEQ I D NO 21, SEQ ID NGO 22 and SEQ I D NO 23 and/ or

mutants thereof. In particuyagar, the |3-chain may

conprise all three sequences, SEQ ID NO 21, SEQ ID

NG 22 and SEQ ID NO 23. In particular, the 13-chain

may conprise the sequences of SEQ ID NG 21, SEQ ID

NO. 22 D NO 23 consecutive 0N
exqgRrisul GR e b DL ey S5t e 4R aitieathg TGR may be
: I
el 93 ﬁ“%?”??éf&%% P a2 SR FRR S o e RO o
insafficierd o indecarespinsenhyithg cell dreesposdes aell mpoacT@R ligand

d SE! 1 12 h
bingfre 4 hrtsiaty isalbied: Sl At e e sunsams hudtn Py be
trah&ﬁmédt Wiho t\ﬁrEQ)H Rdre! amfeeéntaHB\ﬁwa%ﬂve tégepibus! MCRs, ie.,
- gartl cular, the a-chain and 13-chain may be at | east

hlcmeblr%%tvmm ewse diffasant BY, enitopgs. | east about
5%|dent|cal to SEQ ID NG 12 and SEQ I D NO 24

A Sntt PR e Vg o
exéent Bov@d lofaHB-Rackiae nT nesiisc erpreissimga highs edfirdtyc dCRs. In
EQ I D r 21, SEOQ | D, dS I D NO . .The..
paietiaen bR S eRORRa e RS TCR I VoS (PTERAISK. Pidrriating at least
oné HBV-hshdtiet cél?ﬁféFn ANeasComeTHRY -agpskRLAHRIAR individual, and

sel ected fromthe group consisting the sequences- SEQ
clonmgmmmlysa@emwe\l@eq&emesm|ng>tln@a4@r@hﬁfodmalnmobﬂtesTCR

frof et gy, FEaciRE T, Exlnet e REGUSH T el BB, 3o using

stah@arftftmeBirseld khdwh %tl’fmdrtsh_:@ $dyUdACE8 - mapbe delivered to at least
particular, the a- chain Q}Jrlses all three

one dgolatrc sellseasl | thensolated MyNbes incahatesEgnser | gonditions

ol B o BRI ESLCRO D o 0 M52 e, e

suitableeaohditiohamay inelialecstandarbyelt cullire tcosslitiomisi wrhqn tife TCR
is éxrb?'egsee ﬁvn\(}/ r% oSrEe% wvoNc%e4 éell g)[%p els[s)ln’g\glothAéaTeﬁdmgg%e evaluated
for reactivity with HBV epitopes, among other parameters of interest, as known
in the art and as exemplified below. In some protocols, i.e., those wherein the
vector may be administered to at least one subject, the TCR may also be
expressed in vivo to provide a therapeutic effect in at least one subject in need
thereof, i.e., at least one subject with acute or chronic HBV infection or HBV-

associated condition.

The HBV-reactive TCRs according to the present invention may be functional in
the isolated cell in which they may be expressed. In particular, they may be
functional heterodimers of a and B TCR chains associated with a CD3 complex
that recognizes at least one HBV epitope in the context of at least one Class | or
Class Il MHC molecule. In humans, the MHC restriction of at least one epitope

may be dependent on at least one particular Human Leukocyte Antigen (HLA)
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NO 46. Al sequences used in the present invention are
given in Tables 1 and 2. WO

WQ®9131686874PCT/ S&2009/ 000165 28 The exogenousPaRGIIAY 000165
further conprise at |east one 6-chain conprising at
| east one am no acid sequence selected fromthe group
consi sting of the sequences SEQ I D NO 52, SEQ ID NGO 53
and SEQ I D NO 54 and/or nmutants thereof. In
particular, the 13-chain maysconprise all three
sequences, SEQID 5 NGO 52, SEQ ID NO 53 and SEQ ID
NO 54. In particular, the 6-chain may conprise the
sequences of SEQ ID NO 52, SEQ ID NO 53 and SEQ I D

o BRI b o oo PeBeLb R ekl fe At s et
m&EfRddgniie BiB\asgitGiss Féathblel4o Ay PRIA hypd gre. . Hhﬁ-A, HLA-B,
enous TCR nma rise at | east one a-chain having

HLC1 LA RRA B A ArRITE | all 8-D QAT HLA-DOBEDILS DRA4 ANGTHLA-

r ; n -chai n havjn
DR BETE Rl Hle BRRGnP luhriof “Fer 83BoReS RSl ing Hisv-
redating MECR rag remignizerapieast one #BV ebitope aheidcamedxt of at least

| Mi&gl n may be at | east about 85% at |east about
ong Malecle £t alaleaist onsosResieR othar hendeampep, k.4 H-2K of
moid. SEQ I D NO 55 respectively. Mre in particular, the
a-chain may conprise all 15 sequences SEQ | D NO 44,

SEQ I D NO. 45 and SEQ I D NO: 46 and 13-chain may
In payiipriascthal HiB Yagaetive$CBAGCOENIXES 515V SE{DHES NAtFRapbe HLA-

A2JESRER I Aglox TIERD SHE L Bie 0583 BBpiiatad b esbed the MHC
claseduentecuiorHoA-AZash IN&-AIsedstgpé Y Therdfgrd, F ADBER2-restricted

-chai n_and 6-chain respectively of a TCR reactive
Tcgjamff’é’t fings\widgspesnsd tmrapeytic sisa/ on pavticwss 7ther sublypeemay

o gehb s B SARTIONSBET[aRE! RHE)Rlozon
*02620Q 102090 120Hdandr *@G207 egste Qreddds. Chissre efiayBEse: | stinct

N 24. Evep nore. in particul ar, the exogenous TCR )
diffprences, & a@‘ﬁ r’?é‘&’tm lwepR (Bueasian @Rd Asian spepulations.

b | &2 ¥oSiiR § D
IHRRGRSck 6 2% o BAE L A0 BB R Sl i
A0 b Hen bl &-A2 positive Chinese population may be broken down into 23%

HLA-A0201; 45% HLA-A0207; 8% HLA-A0206; 23% HLA-A0203.

The TCRs of the present invention may be HBV-epitope reactive. A list of
known immunoreactive HBV epitopes and their sequences may be found on
page 233, chapter 11 (The effect of pathogens on the immune system: Viral
hepatitis) of the book In immunodominance: The choice of the Immune System,
J.A. Frelinger, ed (Weinheim: Wiley-VCH) which is herein incorporated by
reference. The HBV epitope may comprise at least one core antigen, envelope

antigen, surface antigen and/or mutants thereof.

In particular, the HBV epitope may comprise at least one hepatitis B core
antigen, and/or mutants thereof. More in particular, the HBV epitope may
comprise HBc18-27, and/or mutants thereof. The HBc18-27 epitope may
comprise “FLPSDFFPSV” (SEQ ID NO:25) or mutants thereof. Furthermore, the
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TCR reactive agai nst HBV epitope HBcl8-27 nmay consists
of at least one a- chain of SEQ ID NO 12 and at | east
wWer@IB3@hai n of SEQ I D NO 24. In particular, REX/SG2009/000165
2009/ 136874PCT/ SG2009/ 000165 29 t he exogenous TCR
reacti ve agai nst HBV epitope HBc18-27 may consi st of
two a-chains and two 13-chains. More in particul ar,
t he exogenous TCR reactive agai nst HBV epitope HBs370-
79 may conprise at |east ongga-chain of SEQ I D NO 47
and/ or at least one 13- 5 chain of SEQ ID NO 55. Even
nmore in particular, the exogenous TCR reacti ve agai nst
HBV epitope HBs370-79 nmay consists essentially of at

.SE D, NOQ 47 an tleatone
HEER%T ORBiEE R elo R geBiie. A 80,0 8L oBi seomprise
“FHQSDFSFPSW&HIQ tlnmoH TWhitH aeymeenpiesiaferfin aEurbséSalffers
one a-chain of SEQ I 47 and at | east one 13-chain

frogy HBg1 5§7N@B'§)P9100ﬁ rognatypes.| Br andnheC exdu@momayTarmprise
FEPSBEFESIARaraTh NG 268 wilDf alERpEr pictale if g o1 "

a- chal ai ns ent ity
nay be detern1ned usi ng the al gorithm of Karlln and

In pattiocikan thHePHRBY/ epﬁd;;be nm,yadomﬁqse B Teat 2k BBpétit&QB)envelope
873-77

o 5
anlieh B fiarts thisedsiiodiamedn i RaTiclRG BeASBY 1eptope may
copPige aHBsBND-70, rEhu/He rﬁ{ﬁﬁﬁtst %&Qbﬁ'ﬁ@@@&ﬁ??@ eqjho‘vpe may

sequences honol ogous to a reference pol ypeptid

compasensYaRERLLS r(SE@ 121 NQ: & comipatants drergof. dFumqermore the

RS0 N, TR RIS b HLTuREn my compr

“SIS/L‘BFH-‘IIPLUT i(SES) #DENQesa), kittieh dr8 inbet @févaléWcCW E'uﬁsbé Odiffers
ect, the present invention provid

frofTo (S AFRe PR £ cAPTRfh -EEh @63 GOMATSEnNIASPFMPLL
(SEQ23b QQe: SSﬂPeﬁgﬁe%b?B bn%fagnco b Reumid o comprise

and/ or at | east equence ng at lTeast O
“‘NILBIRFELL"WBECEIDNNQ: 158 ) ewhintieate anostairavaledt ihdAsiaai n may
be part of at |east one HBV epitopereactive TCR In

In @%ﬁ%blcag,etgeaqeﬁlragzgéf B&gg ?hée g(r:eos%n?%wen?oﬁ _rﬁgy? *‘unrther comprise at
least one second HBV epitope-reactive exogenous TCR and/or fragment
thereof, wherein the second HBV-reactive exogenous TCR may be the same
epitope as the first epitope or different from the first HBV epitope. In particular,
the second HBV epitope may be HBs370-79 and the first epitope may be
HBc18-27.

The exogenous TCR may comprise at least one a-chain comprising at least one
amino acid sequence selected from the group consisting the sequences SEQ ID
NO:9, SEQ ID NO:10 and SEQ ID NO:11 and/or mutants thereof. In particular,
the exogenous TCR comprises at least one a-chain comprising the sequences
SEQ ID NO:9, SEQ ID NO:10 and SEQ ID NO:11. More in particular, the a-
chain comprises all three sequences, SEQ ID NO:9, SEQ ID NO:10 and SEQ
ID NO:11. The a-chain may comprise the sequences of SEQ ID NO:9, SEQ ID
NO:10 and SEQ ID NO:11 consecutively. In particular, the a-chain may consist
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25 sequence selected fromSEQ ID NO 1 and SEQ I D NG 5,
at | east one sequence selected from SEQ ID NGO 2 and
WEEHQINEISNG 6 and at | east one sequence sel ect eRCT/8GIN9/000165
SEQ ID NGO 3 and SEQ I D NO 7 and/ or the sequence
encodi ng the 13-chain conprises at | east one sequence
selected fromSEQ ID 30 NO 13 and SEQ ID NGO 17, at
| east one sequence selected from SEQ I D NO 14 and SEQ
I'D NO 18 and at | east one sgguence sel ected from SEQ
ID NO 15 and SEQ ID NO 19. Moure in particular, the
sequence encodi ng the a-chain may conprise SEQ ID
NO 5, SEQID NO 6 and SEQ ID NO 7 and/ or the sequence

oo 0 8 e SR BN O TBET B, R b B e v
Allgegaehdss (5 m—maﬁjréséﬁt iﬁ\lnaﬁmﬂdlﬁcaré iveh W’ré&eg;] and 2.

reactive TCR may have at | east 80% sequence identity
to SEQ 1D NG 4 or SEr?hID NO 8 and/or the sequence
ThefxegrRgus HER 3nan Birinest camiriseaat lenst PnepPchpin camprising at

eSS R PR BRIl GBSy SRS e
sequiTides BEQ, I NO:2¢€08EQr H NO:2acart! 8EQ B NOBand/anéhutants

13-chain may be at | eaqst about 85% at | east about
theé%%c I Pascyiarm dhe SoehRINgBeY ieEmRseapll threscesquengess SHQ ID

NOER SEWW%% ISEQNAD NO235ER EQrtiE!Eﬂa%o the B-chain may

respectively. re In particular, the sequehce
compdselthey setieencashafi SEQRND NO:Bé, SEQ:HD D:PPamd BEQ)IDIND:23

[.St f SEQ LD NO d SEQ I D NO 8, d/ or, th
oo B M5 et o Bt Mgy St Seperiigly of the
seduences SEQ (DO 2, SEQ D NN ES AMNEEES | D NO 20.
The HBc- 18-27 epitopereacti ve exogenous TCR may

conprise two a-chains _encoded by the sequence SEQ ID
In pertigulghdhe@xoogners; TR énay aedpPRge Stdeash qae aechaimhaving at

. el oul A h . )
oalBOA AP 854 I SEEU NI b bl anc oo
leastoorse Brahaire hawing et deast 18O aminGEQd ReNily4oGESHD NDO:24 or a

NO. 8 and ID NO 16 or SEQ.ID 20 respectively.
fragipet fiSTest i1 pRFISUAN dhe orsHBIR RSt RS Y ERomag ot Idast about
0 a 0/.0il A |
SO RIS ASRAeAobl . gt Pty e 1P SEGnBNEr2 and
SE@RIR ND:242respactiddyl MprsHo patticudar] géhero-8EQN MayGAprise all

soqiBegy SE55 MM S ERN0LR ARl SeckRp 27 5 AlRgumay
cor@rigthall SequisrdedSi® |BEQOD  IEGGDNOSEQLAPIES 7O ND23.

particul ar, the exogenous TCR may consi st of two
a-chains encoded by SEQ ID NO. 4 or SEQ ID NO. 8 and two
The exegenays HnRdnay ceypgese at tsasbone wehainganphigngat least one

amino acid sequence selected from the group consisting the sequences SEQ ID
NO:44, SEQ ID NO:45 and SEQ ID NO:46 and/or mutants thereof. In particular,
the exogenous TCR comprises at least one a-chain comprising the sequences
SEQ ID NO:44, SEQ ID NO:45 and SEQ ID NO:46. More in particular, the a-
chain comprises all three sequences, SEQ ID NO:44, SEQ ID NO:45 and SEQ
ID NO:46. The a-chain may comprise the sequences of SEQ ID NO:44, SEQ ID
NO:45 and SEQ ID NO:46 consecutively. In particular, the a-chain may consist
essentially of the sequences SEQ ID NO:44, SEQ ID NO:45 and SEQ ID

NO:46. All sequences used in the present invention are given in Tables 1 and 2.
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31 In particular, the sequence encodi ng the a-chain
conprises SEQ ID NGO 40, SEQ ID NG 41 and SEQ | D NO 42
W@ empasesthe sequence encodi ng the 13-chai n conpeT/S€@¥09/000165

SEQ I D NO 48, SEQ ID NGO 49, and SEQ I D NO 50. Mre in
particul ar, the sequence encoding the a-chain of the
HBs370-79 5 epitope-reactive exogenous TCR may have at
| east 80% sequence identity to SEQ ID NO 43 and the
13-chain of the HBs370-79 %ltope reacti ve exogenous T
cell receptor has at | east '80% sequence identity to
SEQ ID NGO 51. In particular, the sequence(s) encoding
the a-chain and 13-chain nmay be at | east about 85% at
| east about_ 90% or at |east about 95%i den;]l cal to

ThemgogenNgs 4£ R furler SEONTsee Sast 095efchal GompHpiRg at
o) LS Sl SRR RO 0 Ny DOLSE) of e
sequErudisnGEQNKD N&>:52a8 BQniy N 53E(Dd SERDIB NO:Bdeand/or mutants

therag 40 a%&ﬁ%%@%@é%ﬁ‘%b'%ﬁxex" e 81 4Se BEASTRS, R 1D
NG:%9 15‘%(? @CQH&C‘SI?% I%EQ\IGDQMn5ﬁartMGTeﬁ 'tlﬁ‘e B-chain may

partic aln and 13-chain may
compcleel dioe lsgequemmﬁ SEQsIEY NIENE2SSERRID SYXHBi @ﬁ SE@ ID NO:54

cof G Yo LRRRBAB IR, 055 B B B B o

secﬁ’u@%@%tSEQWB'NO%E rsmlndwom ARRSEQI® NC35|4at ed
pol ypepti de encoded by the pol ynucl eoti des of the

present invention. 20 According to still, anot

In agﬁ@eltar theeexnaanons TGIvERAY SRMISS; aldsash On%gs&%@avmg at
ledsP SQQ’t Sﬁur&%éﬁ%@%htﬂ? &@?3{5 'I@'lj;(g Ao éaﬁ%grr%!?ﬁ tﬁéPeBPand/ or at
acl ected fromthe

seguence se group consi sting
leaSEQnE B- MIB haSEQ atDeaD 806 aminSEQid DeRdiyltb. SEQ lD NO 55 or a
t he

fraEart I Iglggref 'Beﬁ’ﬁrf c?llygf gﬁglgdbgﬁ\%%y hcﬁﬁecl%g? lé’r?%?] to/f’east about
85%arﬁtt'léé§taéboui bew%wq‘@éét%om@%%m@tnubala@tsaapm N8Ry and

east 25 about 90% or at |east about 95%i denti cal
SEQ IBEYOLES Kespeztivalye Mareserpartiovient thenohetn mawna@@rlse all

sofipnE3tEROD NERLE SERPNEAR A EE SRR NO I i proinymay
coh@n%@aﬂ%eqﬁg&é@sﬁg HSN@82 SERQ ID NO: 55anUrSEQ ID NO:54.
particular, the polypepti de may 32 have at | east 80%

d identity to SEQ ID NO 47.
ThaRactenRes e'npﬁ@m'ga%'? o0 Al B a1 Rep AsiemiBgsto be

the%é@ﬁ%%k@%dﬁ Q%or Ok I@ést'oﬁ@%o@%ﬂ%elﬁﬁé%irgﬁgéd ‘b@éhélﬁ and

e polypepti er conprise at
B-dreds respectivelyueina d GRR Ireactbek agalmst hBV epitope HBc18-27 and/or

HBs370-79.

More in particular, the exogenous TCR reactive against HBV epitope HBc18-27
may comprise at least one a-chain of SEQ ID NO:12 and/ or at least one B-
chain of SEQ 1D NO:24. Even more in particular, the exogenous TCR reactive
against HBV epitope HBc18-27 may consists essentially of at least one a-chain
of SEQ ID NO:12 and at least one B-chain of SEQ ID NO:24. The exogenous
TCR reactive against HBV epitope HBc18-27 may consists of at least one a-
chain of SEQ ID NO:12 and at least one B-chain of SEQ ID NO:24. In particular,
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5 group consisting of SEQ ID NGO 21, SEQ ID NO 22 and
SEQ ID NG 23. In particular, the further sequence may
whawe/134874 east 80% ami no acid identity to SEQ PCI/SER0BH000165
More in particular, the further sequence nay be at
| east about 85% at |east about 90% or at |east about
95% identical to SEQ ID NO 24. Even nmore in
particular, the polypeptide may conprise the
consecutive 10 sequence of agino acids shown in SEQ ID
NO 12 and SEQ I D NO. 24 respectively. The pol ypeptide
may further conprise at | east one sequence sel ected
fromthe group consisting of SEQ ID NG 52, SEQ ID

furth
the CkorbrRe, R raie et HAR 8T 8127 Hhy FEsispor two
a-ctwirseand tvolB-&mindbre in particular, the further

sequence may be at |east about 85% at |east about

° NO: 55.
e i, rifsichar, SR8 rBieians TOR Ftyp naiont Ty eiamer BiBs370-
79 thhay compEsy tdit V&ast Qﬁiée@%ﬁaw o@gEaPlD?‘g‘@lﬁ?%B{a@% 't 185P one p-

47 and SEQ I D NO 55 respectiv
Ch%'alqyo i IPeNSE 22 EV@@ meetlheJap‘h@ﬂantthe rexegenous IER eactive

agdths! R g?ﬂs?ﬁlEp{B g react | ngg q;%g? p@\ﬁg}_ 3f lehot one o-

parti cul

chaigudfv SEENIDt N@t4$paﬁd fatC%labV omée Brdtdih est SEQ amwss The
heen nodified by single or multiple

exoe%“r‘?&n&ﬁ?@ @@8&‘(‘? ﬁQ@if@ﬁé"B%;ﬁm@@ﬁ Bs3Zad/mayetensists of at
v

e T 1P i, 2 e s R e g e e Rouss.

In pastieylag th@exogembuaﬂ@ﬁemabtm Bgamst Hliif\gtbﬁ%rﬁé HBs\r?gO -79 may

f CR tein o prese
°°W%F£V§EBH%§C‘§'@\{¢%“&|§¢&W > ?nepartl cular, the HBV
epi tope may be HBc18-27, HBsS?O 79 or a nut ant
Perbbatagel ideltitye may S (detsinfihed! 08GOt A HAnTBE RENAL and

AltscReT (ProCe Nafl Acad. St 87: 226468 (1990), modified Proc. Natl. Acad.
Sci. 90: 5873-77 (1993)). Such algorithm is incorporated into the BLASTx
program, which may be used to obtain amino acid sequences homologous to a
reference polypeptide. The present invention may also encompass TCR a- or B-
chains having amino acid sequences including conservative amino acid
substitutions. Such substitutions are well known in the art.

According to another aspect, the present invention provides at least one
isolated polynucleotide comprising at least one sequence encoding at least one
a-chain and/or at least one sequence encoding at least one B-chain wherein,
the encoded a-chain and B-chain may be part of at least one HBV epitope-
reactive TCR.

In particular, the sequence encoding the a-chain comprises at least one
sequence selected from SEQ ID NO:1 and SEQ ID NO:5, at least one
sequence selected from SEQ ID NO:2 and SEQ ID NO:6 and at least one
sequence selected from SEQ ID NO:3 and SEQ ID NO:7 and/or the sequence
encoding the B-chain comprises at least one sequence selected from SEQ ID
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TCR. Even nore in particular, the soluble TCR protein

may | ack the portions of the native cell-bound TCR and
woreapohsssss able in solution (i. e., it does notPCT/SG2009/000165

general ly aggregate in solution when handl ed as

descri bed herein and under standard conditions for

protein solutions). 5 The soluble TCR may be prepared

by any nethod known in the art. Exanples of processes

that may be used to preparegyhe soluble TCR may

conprise but are not Iimted to constructing polyneric

receptor chains in which an i mmunogl obul in heavy chain

vari able region fromat |east one

hor Icholine speci fic anti body nay be substituted

Nc%qgréo neoRER A3 710! east ans sequR)icsraelested firn kg 1D NO:14
anfi' S8 3 NOAlS 4 1Bt 18hdt Yhe REQMELPSEBERM Rbnf BEQ i NO:15

t ransmenbrane regi on or replacing the transnenbrane
and &QiD NO: thdVdeRngaticulas tbeaequerﬁmf\enwdlhg dhe lagu:mdm may

oot SR REPAMREL! ¥ Novd iad S B, RAFRF g SFhuence

en&@@ing%é‘@-@éﬁ%@ orABrise BIE@IE NGH 7! SEel IEPNQ) 18 and SEQ ID

anti-viral drug he anti-viral 15 drug may target
NQuB9. For exanple, anti-viral drugs may conprise, but

are not limted to, adefovir dipivoxil, interferon
A - .
n Sefad PECAIds! BEEIED et R "pr RS epiope

reddtieeskCRIrhay heRke mbkledse 80Yn&egldneetitientitnttd SEQ 4D MkDu@Sr SEQ

to form oI uble TCR- drug conj tes by any neans known
IDNDi&aneoF theiseapPREe RAGOBEO NS B-Ehai AN aBerip-27 epitope-

reé%ﬁlvgréﬁg{éaoﬁsqqyﬂlrﬁﬂ hQQ?%g%aé’E E‘?d")@'ébcf&%n@éqaénﬁt?% SEQ ID

coval ently attaches a so e TCR rug noiety
NQ:il 6 kesr SERRID NM20. de partiiular, ding seqdenm(sysmhodi:mgaﬁlne a-chain

and (Ethfinal e bHAE 0B (B4 SR IpHT Mo EBOS . a5lEER: abour
o5¢cidentiogl tvesS by BRO/4 JPEEQRD NIES BriesexD Nands or SEQ ID

al kyl am no § N? pol yet hyl eneam no, JeffarnineTm;
NOzgauraémetwg YeMeedn Aaridaban, e aequrnosuensasing the o- chaln may

be SIS, 48 P rBbTp il o8 orb0h HATOR BicsER b Ros,

angoo ﬂhé%equ%ecemmgs ¢l ghehsint mayabe adedied Cﬂ“@mnmeobroup
ably caonnected to at_| east

corﬁlw&cgff“?éf;c?%ﬁé”@ And S GpiRi 202 The BlRe-28127 epitope-
reefl:"tlﬂ?og%tx%bén dnﬁpﬁéé/m@adcwawgh@éo%doggy?ébgéauence

and the“se ctlon an appropriate pronot
SE@eID N®18hamd twe ﬁskhldlhs iencodhed bytSE(EdD NOE‘ZQ).I”MbEE |n partlcular

sui tabl e propoters nma onpri s ut ar lim
the -t590° B BT Tk BEnBhesiEs o koo sofupices that
corPpABBtRE c@ﬁ@eé@ﬂi\}éiké’cﬁuéﬂc%”%cﬁﬁﬁ i SER. Dt RO:3 cﬂCSEQ ID NO:8
rom)t er Accordin to anot her as ect t he pr esent

andg rﬁE@tlﬂagiOpi@w&&Q N@20tresprctivett or conpri sing the

construct according to the present invention or the
Even more in particular, the exogenous TCR may consists essentially of at least

one a-chain encoded by SEQ ID NO:4 or SEQ ID NO:8 and at least one B-chain
encoded by SEQ ID NO:16 or SEQ ID NO:20. The exogenous TCR may consist
of at least one a-chain encoded by SEQ ID NO:4 or SEQ ID NO:8 and at least
one B-chain encoded by SEQ ID NO:16 or SEQ ID NO:20. In particular, the
exogenous TCR may consist of two a-chains encoded by SEQ ID NO:4 or SEQ
ID NO:8 and two B-chains encoded by SEQ ID NO:16 or SEQ ID NO:20.
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10 pol ynucl eotide according to the present invention.
In particular, the vectors may conprise, but not

wo povPta874 o, lentiviral vectors, retroviral veRP€D862009/000165
adenoviral vectors, adeno-associated virus vectors and
Her pes Sinplex Virus vectors. Mirre in particular,
retroviral vectors may be used for delivery of the
constructs either in vitro, ex vivo or in vivo, as
described in the exanples. J4p According to stil
anot her aspect, the present 1nvention provides at
| east one T cell conprising the vector, the construct
or the polypeptide according to the present invention.
Accordin%ato one aspect, the present invention

In r@ﬁ{ﬂﬁbﬂﬂfs ae@agﬂcgr@mn%aﬂ%ﬂ-@?@@aﬁqmyl%ﬁs SEé%tIDoNQ 40,
I
=B, SONQSE TR 15 NER2 ol (ENEREH 0 SER iy Bhai

cogpripes SEQID maausawlmt\lo:easan«bs&mmuco 5030I at ed
fromthe subject with the construct of and/or the

Mg oboperie)y dRfgSea-arie Srecane R GHERGR: RhyhpeHBs370-70
epﬁ@dé—\/@écﬁﬁet@@@%hbés ITCRIh&P ha§d i néastoso%nséquéhdésw@at.ty to

{ nmber of “net hods known to those of skill in
D N&yA 3eahithed3-chaintafghe dB 374 €9 enltwe-reacztwecﬁxogﬁnous T

ol o b i SRR 50 hMuir

thd\béqesHoa(s)@rmudidirg thie b(&ib@irﬁtaﬁd)ﬁ divdin ahay Beé atdeast about 85%,
Sanbr ook and Russel | Press (200%%}(é [ ncor or at ed

at pashiabon 90 Pt Leasbaéwt &3 Y fidentica &3 eand/or
E*E?“iD"Né .5Y0ed eﬁh\'@g Wéelﬁﬁﬁnef@tﬂlgr tHe S%HﬁghGé"en%Hiﬂadbhe a-

ectroporatlon an n partic
chainnsgtayu bes S&€ diDdiNG: 430 anlde &E@sl@th@rﬂnenamaUnr rthg bequence

del.ivered into the, ce [ '

encialing &he PR G Patk D NS, The SR E R R tonSrrpactive
ex@gjénoﬁé”ﬁCR%a? %B'H’f;ir%% et a-%hﬁlrfécéndod%ttﬁﬂthteosec?uern%b SEQID

vectors, nanoparticles, gold 5particles exes
NQiAd/and m ﬁmhemencoded by SEQ ID NO:51. More |n partlcular the a-
chain and 3-chain may be encoded by nucleotide sequences that comprise the
consecutive sequence shown in SEQ ID NO:43 and SEQ ID NO:51

respectively.

According to another aspect, the present invention provides at least one
isolated polypeptide encoded by the polynucleotides of the present invention.

According to still another aspect, the present invention provides at least one
isolated polypeptide comprising at least one amino acid sequence selected from
the group consisting of SEQ ID NO:9, SEQ ID NO:10 and SEQ ID NO:11. In
particular, the polypeptide may have at least 80% amino acid identity to SEQ ID
NO:12. More in particular, the polypeptide may be at least about 85%, at least
about 90%, or at least about 95% identical fo SEQ ID NO:12.

The present invention also provides at least one isolated polypeptide
comprising at least one sequence selected from the group consisting of SEQ ID
NO:44, SEQ ID NO:45 and SEQ ID NO:46. In particular, the polypeptide may
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According to another aspect, the present invention
provi des at | east one nethod of preparing at | east one
woBMIRpisTOpe-react i ve exogenous TCR conpri si ngPCT/86:2009/000165

isolating at | east one HBV-epitope reactive T cel
fromat |east one HBV-exposed individual that resol ved
HBV i nfection; 10(b) cloning at | east one

pol ynucl eoti de sequence encodi ng at | east one a-
and/or 13-chain of at |easgzone TCR fromthe
HBV- epi t ope reactive T cell of step (a); (c)
delivering the pol ynucl eoti de sequence of step (b) to
at | east one cell; and 15(d) incubating the cell under

nav S s 33 b e L SE 5 NRL ! o) it the

poly‘b@bhde |rﬁay3®ét aiClebal abbies 54y =& hed o D% ver at (elst about
nenti oned above may be HBc18- 27 epi t ope

95% M’P@'efoa%ﬁ-i@dphl@ &70- 79 reactive. According to one

aspect, the present invention provides at |east one

Theﬁ {/Peéﬁfde dr%%g'fﬁﬂﬁér 8(5}?1 H&Q%\?Tea%'ﬂ‘yn%r ég{ueh%é%tel&%d from the

ccordi ng o al'l aspects the present
groumvensisting dfoSEMs¢Di NOt2e SECRIDENO:22 adgvSEG dbt Neh23. In

PRy e st Haps Have Aclegsb Bl S acidifentity to
SEcpmgw@eza émo.leem%arﬂa@lamhta,qﬁrtﬁér E6§@ndOMAR\b@ Bt (st about
i nhibiti ngﬁreactlvatl on of HBV in at | east "one subject

85% 5abolepst sbayt 88M. rsaleldasy about I96% idgniivel o IEQ@s &h@ 24.

b RS, I ARRRLLF I, olp AT BB St bt

seq@etsy dfngmino aavidesgipwin dh SEQ ADeNO112i rvenSED. IDA NO:24
further possible application of the HBV-TCR redirected

respgetiveidch is in patients

The polypeptide may further comprise at least one sequence selected from the
group consisting of SEQ ID NO:52, SEQ ID NO:53 and SEQ ID NO:54. In
particular, the further sequence may have at least 80% amino acid identity to
SEQ ID NO:55. More in particular, the further sequence may be at least about
85%, at least about 90%, or at least about 95% identical to SEQ ID NO:55.
Even more in particular, the polypeptide may comprise the consecutive
sequence of amino acids shown in SEQ ID NO:47 and SEQ ID NO:55

respectively.

The polypeptide according to the present invention may be at least one HBV
epitope-reactive exogenous TCR. In particular, the polypeptide may be
functionally equivalent to a specifically exemplified TCR sequence that may
have been modified by single or multiple amino acid substitutions, by addition
and/or deletion of amino acids, or where one or more amino acids have been
chemically modified, but which nevertheless retains the binding specificity and
high affinity binding activity of the TCR protein of the present invention to the
HBYV epitope. In particular, the HBV epitope may be HBc18-27, HBs370-79 or a
mutant thereof. More in particular, the polypeptide may be at least one soluble
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wi th hepatocel | ular carcinoma (HCC). Chronic infection
wth HBV is the nost 5 inportant risk factor for the
waleaehdsment of this |iver tunmour and i ntegratPORSG1009/000165
HBV- DNA i nt o hepat ocytes frequently occurs in tunour
transfornmed cells. The therapy of HCC by conventi onal
chenot herapy, radiation or surgical resection presents
severe limtations. HBV-specific T cells have the
potential to recognize and k1| HCC cells expressing
HBV anti gens and adoptive transfer of HBV-TCR- 10
redirected T cells may have the potential to obtain
regressi on of HCC. Such results were obtained in

T B L B PO 555 B3R gorions o

theE%‘éti§@e<§élldehrf33ﬁt§eér1dS nﬁigplﬁ@dstgbﬁwﬁ %Bgltibﬁsq'cgg- it does not
Vectors conprising polynucl eotides encodi ng :

genallyraggsegateciongolutomgvien handled case dedtiba hepsn ‘and under

r ive . .TCR thus be .15 useful in the treatnent of
S"i’@% ﬁ\gﬁ(ypﬁril%&aryﬂro S%lyggréﬁt i nvention provides at
| east one nmethod of treating HBV-rel ated
Thbeguadisie STCRIrasy darsreparsl byl afy rhemst Kitfvrs #PiRCAr. Examples
conprising admnistering to the subject at |east one
of preresseh dhalpBayikearsgd & peeparedharmnlivile SFCReNpY comprise but
e t | d :
A e [ 36, fondtiety Mol Rfik PESealah MR oy gapich an
imivieiobglobubompheavyng ghalry nudriable daegimmcodiorg TERs,least one

PPy GBS B - AbaeY iy bR et batired Mg EER a and B
varfable aBbinad m_tFBoﬁIcﬁ{geﬁah@laﬁoﬁélbﬂe%ﬁnétf?nt E6dins2Gpéfedth of the

chroni ¢ HBV I nf ection or conditions (i nc(fdaéé} ng, e.dg.,
TChe ransmemhrene region aomwaplacingt the tabsrmembrase Twnaiab| of the

TOROMAREE T oREs 88 885t 58 ahiegRuahSEhfatbi inositl (oPy
linkzg@ofrormehd CRrsuxg/terminks dpehe/ BERtihREd Em@m Tigy-the

HBV- epi t ope reactive TCR may be prophylactically

adm iStféed to at | east one subject to inhibit: o
The SQBIG akGiBmay haplinked de @t daast ang antirdial grug. Toe anti-viral
/
g RN ARl IV ESEGRITARD £ ie) ol 8, SmbHSe. ot are ot
limidea toulgdetaviedipivardl, iMarierom aite-2b.c pegylatetdeierfefon alfa-2a,
adm.ni str.ati an of . pal ynucl eotide and/or viral vectors
Iava‘i‘(F'n%’ee'?tﬁB%‘ér'ttﬁlg{‘})”gﬁéc?@q g%ﬁ ':"Sﬁ-and/ or predomi nantly
deliver the TCR codi ng sequences to T cells and/or

In PEARURROHRS isoIIETCR! dy bd IhRed CesthePand-viral drugs o form
retroviral vector, it nmay be anticipated that suitable

soldbleakfeR-ding copiggtes by aniifarAnskrnowyinthe arl The tink may be a

ol e B0 Sy S P oLt BBt B RMoray
attgiresi 8 WaluibleSTCR thosadasy moiely disidrs omalyecbiaprise a divalent
tons at | east 50% conpared to

HBV-rel ated s 0.
radtﬁalt%'at%@ﬂ s @ arlensmaheteredryviena,ineisties such as: —

r eat At e I [
(C%@@%r@h&@m di ng t E%hgnﬁ edsf eﬁl?(ﬁ/llo%?/ eﬁ:{]g'o 111) %?%@N‘Géﬁ%”fyat QEG’
polpmethyiendoxy e arB\alkylbeino ¢e.gapdlyethydéenéamito, deffamine™); and
di a.asoci at ed condi.ti on ?n / or rm% reduce i.,nci dence  of

lagido fSisls i + gMigeonine '-N@W aSuedNaiee o SUEFHARMIGH s diglycolate,
maldnalfd WapPsahiic@l a4 thedlidee: | n particular, treatment may
be used to cure or prevent an acute or chronic HBV

infection or an associated condition, including
Accosdiggdodguta papest, te prasent inventiopairovides @t leasteone construct

i LS mak he ..
corfih e, PanibleBue Bt i Efsefe iSptine operatly ponpectgd to at
adm ni st ered depends on the subject to be treated.
This may be dependent on but not limted to, the
capacity of the individual's immune systemto nount
TCR- nedi at ed i mune response, the 20 age, sex and

Y a1 - e o S - o a1
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25 in particular, 5 x 106 cells/kg body weight to 1 x
108 cell s/ kg body wei ght may be adm ni stered. The
woreooorsds74dlosage of cells and/or viral vector tBCH8G2009/000165
adm nisteréd to the subject may be the highest dosage
t hat does not cause undesirable and/or intolerable
side effects. Suitable reginmens for initial 38
adm ni stration and additional treatnments may al so be
contenpl ated and may be detgym ned according to
conventional protocols. According to another aspect,
the present invention provides at |east one use of at
| east one cell, at |east one vector accordi ng and/or
I Ly ' c ing to any.as t
o Sr8FbuRRS:. R RERld Padal bl hr don s Wi B Re TR may

bengpkrablyecdnriested teat it dhé prireter don@iaPin the isolated cell.
UEBV—reI at ed hepatocel |l ul ar carcinoma. Suitable solid
Suiipble; pPRokRIa; BRYeRe pPRBLHHEYE ANG dnekecibley Premotass, and the
g t L
so AR L crbl 3t ite BOMASEE B S WIBALER Uiy . o
exgupps rsitahle, pronesters, magrasoplse, but e oot linjietabtiee retroviral

ol ut | i n_anpule form and al so preparations with
LTR, 81 SRR proatatess e LMY mromotis-ans salilar promises (e-g., the -
acti gmﬁ@feirpn exci pients and additives and/ or

auxi liaries such as disintegrants, binders, coating
agents, swelling agents, l|ubricants, flavourings,

* Acgqsifice tepBothiEr 96Pedi the Bresent énvandioormrovides u deastone vector

o 15 2di C S nmay_be suitable
coffgfebetie' SRME, BForfith TS, PR AT o e
pol&mudegtid@ a?oclamlingt ﬂsmeqpresbh’{einpéﬁﬁ?ﬂtlgi%@rﬁ@gé@ﬁhe vectors may

rqvi des at | east one in vitro nethod for diagnosin
compripe.a it figk kg de: fentiviral v@stars: delradtalveeatps, adenoviral

: . . i Si N L di t
Vol Ao A AL QORI AR S ) W voctors
Mot ire partieglarh eetpovirat neetoos nady beastedoioe detivemyusi et ¢atstructs

: rising, .substantially consisti of or consisting
e'ﬂi%orqgt‘)'tfoe tVIEher ’ﬁ’u‘@Y%iq,sé%?cif'b?gdﬂéﬁ%@(@@]p&st-ed from

SEQID NO 4, SEQID NGO 8, SEQID NGO 16 and SEQ ID '
AcddpdingOto SHQMRhAOasPSat, ?g)?{)}&éﬁd@)i%\@qtigg AI8URIe8Bifeast one T

l25and/,o_r a fragnment the ;oan
cell comprising the vector, the construct or the polypeptide according to the

present invention.

According to one aspect, the present invention provides at least one method of
preparing at least one T cell comprising at least one HBV epitope-reactive
exogenous TCR for delivery to at least one subject comprising transducing at
least one T cell isolated from the subject with the construct of and/or the vector
of the present invention. Constructs and vectors according to the present
invention may be delivered to cells in vitro, ex vivo or in vivo using any number
of methods known to those of skill in the art. For example, if the cells are in vitro
or ex vivo, they may be transformed or transduced according to standard
protocols, e.g., those described in Molecular Cloning: A Laboratory Manual, 3d
ed., Sambrook and Russell, CSHL Press (2001), incorporated herein by
reference. Examples of methods may comprise but are not limited to, the CaCl,
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SEQ ID NO 12, SEQID NO 24, SEQID NO 47, SEQID
NGO 55, a honol ogue and/or a fragnent thereof; wherein
wao b@opsassence of the pol ynucl eoti de and/ or t hePCT/SG2009/000165
pol ypeptide is indicative of the subject being able to
resolve the HBV infection. 5 According to yet another
aspect, the present invention provides at |east one in
vitro nethod for diagnosing at |east one subject as
havi ng or as being at riskggf having HBV infections

and/ or HBV rel ated hepatocel | ular carcinoma, the
nmet hod conprising: (a) providing at | east one sanple
fromat |east one subject; 10(b) detecting the

cheBiig2s Rietndd. BlechfBplatPcaBl P kg ol HarfalRY, e Banstructs
acc@ftﬁng uel giec gaéé,éhtsmqgﬁmﬁ ns®) et delifereth HE the &6ls #h vivo.
SEQ 1D NO SEQ ID NO. 16 and SEQ ID NO 20, SEQ

Suitable nﬁthgmof geliary 3 podymisientisgueonsiaicts age kﬁ@‘gﬂéﬂ{tf[\)e art,
. / d .
and 5P S S B0 SR L0 g RIS hattics, gl

parti€lss; Ipoplexesfarmiforcpaigplekéslg of the amino acid sequence
of SEQ ID NO 12, SEQ ID NO 24, SEQ ID NO 47, SEQ ID

NO,. 55, a honol oque and/or a.fragnent therepf;
ACCURGTH PR aLSOHEe toF PIsRenbBIVGRIEY BeeVides BhisAst opggrethod
of ﬂ?@;ge‘( Ai 1d8sCoRd FIBY 8Sitafe-Mdchvé RRobeHEld TeRcahphising:

subj ect as having or as being at riSk for having

HBVi nf ecti on and/ or HBV-rel ated hepat ocel | ul ar

car(e) inpiating At jrastiane HBV-epitonestadivppl celfdjorpeat least one
i sar. oral. £l uid | es.
Vor 831-668880 1Ok fEF Rlepl AREHBY, el o, ©one™ °°

pol ynucl eoti de and/ or pol ypepti de of the present
I nBhtioaimgatylehst ared polyhueldotide pgqsenss ahcatbngrat leags one a-

known in the art. So of net hod y _gconpris
pUETEYe Brsta e 2050PLeBn LAACoRs B BEDTERARP R geaciive T cel
li rﬂfts?&p ieg, real time PCR, flow cytonetry, PCR and/or
geometri ¢ ‘mean fluorescence intensity (MI).

(c) delivering the polynucleotide sequence of step (b) to at least one cell;

and

(d) incubating the cell under conditions suitable for expression of the

HBV epitope-reactive exogenous T cell receptor by the cell.

In particular, the HBV-epitope reactive T cell of step (a) mentioned above may
be HBc18-27 epitope reactive and/or HBs370-79 reactive.

According to one aspect, the present invention provides at least one cell, at
least one vector and/or at least one polypeptide according to all aspects of the
present invention, for use in the treatment of HBV infection and/or HBV-related

hepatocellular carcinoma.

According to another aspect, the present invention provides at least one method
of treating HBV and/or inhibiting reactivation of HBV in at least one subject

comprising administering to the subject at least one immunotherapeutically



10

15

20

25

According to still another aspect, the present
i nvention provides at |east one kit for detecting
W@rwhasesr4 eat ment of HBV infection and/ or HBV-PEI/S8GHH9/800165
hepat ocel | ul ar carcinoma, the kit conprising at |east
one cell, at |east one vector and/or at |east one
pol ypepti de according to any aspect of the present
invention. In particular, the kit may conprise at
| east one manual providing ggstruction on how to use
the kit. Name Sequence SEQ ID NO CDR1 al pha 3 (W)
AAAACTAGTATAAACAATTTA 1 CDR2 al pha 3 (W)
TTAATACGTTCAAATGAAAGAGAG 2 CDR3 al pha 3 (W) TGT G

ofp{es S5 ﬁf%fﬁﬁg%ﬁe RS T IoREAT RO Pobbepide

acATIAHg W GGAGAAGAGGATCCTCAGG
A e R N CATGAACTG CAGTTACA

AAACT AGTATAAACAATTTACA GI' G GTATAGACAA
A InRheeRessiplgapication cbikhedtRX TG Rasdirected approach is in patients

mt@?@&%ﬁWMﬁ% T@%Y%ﬁﬂﬂ% is the most

im @R TS E@aTCACHRCTE CEIOHAEPAGEARA liver tumour and integration of

H@%&% GGCTCTC%C%umour transformed cells. The

th%BT%?&%%%@WQ%@W& Sufgical resection

presaaieaeysreoTiEtionsCdBNFIGANRGATENS Gave the potential to recognize

o AN T IS 6 pfor o TR

redadCIECAAGAS AAYMTECRER G eRtialCio666h -HCEHGIQI@E'_T%uch
CATGIG CAA AC GCCT TCAACAACAGCATTATTCCA GACA
respiteTere ol ealTcarcinema, a tumour expressing an

oA AN AN 5 Fovreact con co

shoWaC PERARBTEreS TS, BeCIGTd EAAEERG polynucleotides encoding TCRs,
and/or cells comprising at least one HBV-epitope reactive TCR may thus be

useful in the treatment of HCC.

Accordingly, the present invention provides at least one method of treating
HBV-related hepatocellular carcinoma in at least one subject comprising
administering to the subject at least one immunotherapeutically effective
amount of cells, at least one vector and/or at least one polypeptide according to

any aspect of the present invention.

Vectors comprising polynucleotides encoding TCRs, and/or cells comprising at
least one HBV-epitope reactive TCR prepared as described above, may be
suitably administered to a subject to treat acute or chronic HBV infection or
conditions (including, e.g., hepatocellular carcinoma) in the subject.

The cells expressing HBV-epitope reactive TCRs, vectors comprising
polynucleotides encoding HBV-epitope reactive TCR and/or the polypeptide
encoding the HBV-epitope reactive TCR may be prophylactically administered
to at least one subject to inhibit reactivation of HBV infection. In particular,
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4 WD 2009/ 136874PCT/ SG2009/ 000165 41
CTCATGACGCTGCGGCTGTGGTCCAGCTGA  CDR1 al pha 3 ( OPT)
WORBMNTHBOAATCAACAACTTG 5 _ CDR2 al pha 3 (OPT) PCT/SG2009/000165
CTGATTCGGAGTAATGAGCGGGAA 6 CDR3 al pha 3 (OPT)
TGTGCTACATGGCTGAGTGECAGCGCACGECAAT TGACTTTT 7 TCR

al pha 3 (OPT)

37

vectors of the invention may be administered to cells from at least one subject
ex vivo. More in particular, modes of administration of polynucleotide and/or
viral vectors will be those that specifically and/or predominantly deliver the TCR
coding sequences to T cells and/or hematopoietic stem cells. In the case of a
retroviral vector, it may be anticipated that suitable dosages will range from
about 0.1 pg/10° cells to about 10 ug/10° cells, such as in the range from about
1 pg/10° cells to about 5 pg/10° cells. More in particular, such dosages may
prevent or reduce HBV-related symptoms at least 50% compared to pre-
treatment symptoms or compared to a suitable control. Treatment with at least
one retroviral vector according to the present invention may palliate or alleviate
HBV infection and/or at least one associated condition, and/or may reduce
incidence of progression to chronic HBV-associated conditions, without
providing a cure. In particular, treatment may be used to cure or prevent an
acute or chronic HBV infection or an associated condition, including

hepatocellular carcinoma.

In particular, the quantity of cells that make up the immunotherapeutically
effective amount of cells to be administered depends on the subject to be
treated. This may be dependent on but not limited to, the capacity of the
individual's immune system to mount TCR-mediated immune response, the
age, sex and weight of the patient and the severity of the condition being
treated. The number of variables in regard to at least one individual's
prophylactic or treatment regimen may be large, and a considerable range of
doses may be expected. In particular, cells may be administered in at least one
amount from 5 x 10° cells/kg body weight to 1 x 10"° celis/kg body weight. More
in particular, 5 x 10° cells/kg body weight to 1 x 102 cells/kg body weight may be
administered. The maximal dosage of cells and/or viral vector to be
administered to the subject may be the highest dosage that does not cause

undesirable and/or intolerable side effects. Suitable regimens for initial
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ATGGAGACCCTTCTGGGAGTGTCCCTCGTGATTC
TGTGECTGCAGCTTGCCTCGGGTGAATTCTCAGCA
WOEBOEEEAAGACCCGCAGGCCCTTAGCATTCA PCT/SG2009/000165
GGAAGGGGAGAACGCTACCATGAATTGCTCATAC
AAGACAT CAATCAACAACT TGCAGT GGTACCGTCA
GAACT CTGCCGAGAGGACTCGTGCACCTGATCCT G
AT TCGCGAGTAAT GAGCGCGAAAAACACTCTGGAA
GGCTGAGGGTGACCCTCGATACCTCT TC
CTCCTCCCTGCTGATAACCGCCAGCA
CGACACCGCTTCCTACTTCTGTGCTACATGGECT G
AGTGCECAGCCCCACCECAATTGACTTTTGCEGAGT G
GCACTCAGCT GACAGT GCT GCCCGACATCCAGAA
adminigicaticocans-additiypaldreatmentsay@ige be contemplated and may be

GACAGCGACGT TTACATCACTGACAAAACTGTGC
AcOapGNgATGIRTAST ASERAACHETRASSICAAENIRD provides at least one use of

at lé‘é%ﬂg\ SRR W@&%ﬁ%d/m at least one polypeptide
. T n . . .
w3 OB RICIMATIAon n e prparsion o =
medTamartT faadratingGRRSCTICRotonTaNde HBV-related hepatocellular
c ar%‘gé@%@;}rATCCT GCTGCCTGAAGGT TGCCGEATTC
TATGACGTTGCGCCTGTGGTCCAGCT GA CDR1 al pha 3
KTSINNL 9 CDR2 al pha 3 LI RSNERE 10 CDR3 al pha 3
SuitAfeNe@@SARGUid irfedTceientppeparation forms may be, for example,

METLLGVSL lLV\LN'% RVNS EDPOQALSI OEG o
gran 8 @WRE%%GL ts, |(REO) capsules, suppositories,

. F « e .
syrEWTémgg%ﬁ%%R@mps or injectable solutions

in RAMSSEKEVEL FaTD- REST NvSQBKINBDSY Witk pvotranies veleggs of active
DFACANAEN

coﬁéﬁég%s@mwﬁgﬁfﬁwéﬁ@ a_Ldéjitives and/or auxiliaries

such as disintegrants, binders, coating agents, swelling agents, lubricants,

flavourings, sweeteners or solubilizers are customarily used as described
above. The medicaments may be suitable for use in a variety of drug delivery

systems.

According to one aspect, the present invention provides at least one in vitro
method for diagnosing at least one subject that is able to resolve HBV infection,

the method comprising:
(a) providing at least one sample from at least one subject;

(b) detecting the presence of at least one polynucleotide comprising,
substantially consisting of or consisting of at least one nucleic acid
sequence selected from SEQ ID NO: 4, SEQ ID NO: 8, SEQ ID NO: 16
and SEQ ID NO: 20, SEQ ID NO: 43, SEQ ID NO: 51, a homologue

and/or a fragment thereof; and/or

(c) detecting the presence of at least one polypeptide comprising,

substantially consisting of or consisting of the amino acid sequence of



10

15

20

25

WD 2009/ 136874PCT/ SG2009/ 000165 42 -
RI LLLKVAGFNLLMTLRLWSS. CDR1 beta 8 (W) AU TCA GGA
W@2E0IBW7AMAO OTT 13 CDR2 beta 8 (W) TAO TTT MEIVEGZAZ000165
G TT COG ATA 14 CDR3 beta 8 (W) TGI GCC AGO AGO AAT
CGG GCG AGO TOO TAO AAT GAG GAG TTC TTC 15 TOR beta 8
(W) ATGGACTCCTGGACCCTCTGCTGIGIGICCCTTT
GCATCCTGGTAGCAAAGCACACAGATGCCTGGAGT
TATCCAATCACCCCGGCACGAGGT GAGRSAGATG
GGACAAGAAGTGACTCTGAGATGTAAACCAATTTC
AGGACACGACTACCTTTTCTGGTACAGACAGACC
ATGATGCGGGGACT GGAGT TGCT C‘ATTTACT TTAA

e se)

CATE
CAGGGACT GCTGTGTACT CTGTGCOAGCAGC
AATCGGEGOGAGCTCCTACAATGAGCAGTI - CTTCG

Whm@mmmmmwlor the polypeptide is indicative

(LS 4 (S .

AAGGCCACACTGGTGIGCCTGGCCACAGECTTCT
Acm@m@m@mmwmmmemvenﬁon provides at least one in

ha i qm%m%%m@%epatocellular carcinoma, the
CTCGGCCACCTTCTGGCAGAACCCCCGCAA

Mets tODRGFIBICAAGT CCAGT TCTACGGGCT CT
CCGAGAAT GACGAGT GGACCCAGGATAGGEECCA

gA @%% ?E’&%ﬁ% least one subject;

TACCAGCAAGGGGTCCTGICTGCCACCATCCTCT
AT GAGATEETIBYT ABSGRASERBA\CETaIABAEE0NEe polynucleotide comprising,

CGT%?SF % %A@%%ﬁng of at least one nucleic acid
sequence selected from SEQ ID NO: 4, SEQ ID NO: 8, SEQ ID NO: 16
and SEQ ID NO: 20, SEQ ID NO: 43, SEQ ID NO: 51, a homologue
and/or a fragment thereof; and/or

(c) detecting the presence of at least one polypeptide comprising,
substantially consisting of or consisting of the amino acid sequence of
SEQ ID NO: 12, SEQ ID NO: 24, SEQ ID NO: 47, SEQ ID NO: 55, a
homologue and/or a fragment thereof;

wherein the absence of the polynucleotide and/or the polypeptide correlates
with the likelihood of the subject as having or as being at risk for having HBV-

infection and/or HBV-related hepatocellular carcinoma.

In particular, the test sample may be urine, blood, serum, sweat, and/or oral
fluid samples. More in particular, the presence of at least one polynucleotide
and/or polypeptide of the present invention may be determined using several

methods known in the art. Some of the methods may comprise, but are not



16 CDRL beta 8 (OPT) ATC TCT GGG CAC GAO TAO CTG 17

CDR2 beta 8 (OPT) TAT TTT MI MC MI GTG CCT ATC 18 CDR3
Wheta/188(OPT) TGT GOC TCC TCC MC CGG GCC TOG TETI/I@MoMBO165

GAG GAG TTC TTC 19 TCR beta 8 (CPT)

ATGGACAGCT GGACACT GTGCT GCGTGAGCCTGT

GCATTCT GGT GGCCAAGCACACCGACGCOGRCG

TGATCCAGAGCCCT CGOCACGAGGT GACCGAAAT

GGGCCAGGAGGTGACACTGCGCTGCAAGCCAAT 20 WO

2009/ 136874PCT/ SG2009/ 000165 43

limited to, real time PCR, flow cytometry, PCR and/or geometric mean
fluorescence intensity (MFI).

According to still another aspect, the present invention provides at least one kit
for detecting and/or treatment of HBV infection and/or HBV-related
hepatocellular carcinoma, the kit comprising at least one cell, at least one vector
and/or at least one polypeptide according to any aspect of the present
invention. In particular, the kit may comprise at least one manual providing
instruction on how to use the kit.

Name Sequence SEQID
NO:
CDR1 alpha 3 (WT) AAAACTAGTATAAACAATTTA 1
CDR2 alpha 3 (WT) TTAATACGTTCAAATGAAAGAGAG 2
CDRS3 alpha 3 (WT) TGTGCTACGTGGCTCTCTGGTTCTGCAAGGCAAC | 3
TGACCTTT
TCR alpha 3 (WT) ATGGAAACTCTCCTGGGAGTGTCTTTGGTGATTCT | 4

ATGGCTTCAACTGGCTAGGGTGAACAGTCAACAG
GGAGAAGAGGATCCTCAGGCCTTGAGCATCCAG
GAGGGTGAAAATGCCACCATGAACTGCAGTTACA
AAACTAGTATAAACAATTTACAGTGGTATAGACAA
AATTCAGGTAGAGGCCTTGTCCACCTAATTTTAAT
ACGTTCAAATGAAAGAGAGAAACACAGTGGAAGA
TTAAGAGTCACGCTTGACACTTCCAAGAAAAGCA
GTTCCTTGTTGATCACGGCTTCCCGGGCAGCAGA
CACTGCTTCTTACTTCTGTGCTACGTGGCTCTCTG
GTTCTGCAAGGCAACTGACCTTTGGATCTGGGAC
ACAATTGACTGTTTTACCTGATATCCAGAACCCTG
ACCCTGCCGTGTACCAGCTGAGAGACTCTAAATC
CAGTGACAAGTCTGTCTGCCTATTCACCGATTTTG
ATTCTCAAACAAATGTGTCACAAAGTAAGGATTCT
GATGTGTATATCACAGACAAAACTGTGCTAGACAT
GAGGTCTATGGACTTCAAGAGCAACAGTGCTGTG
GCCTGGAGCAACAAATCTGACTTTGCATGTGCAA
ACGCCTTCAACAACAGCATTATTCCAGAAGACACC
TTCTTCCCCAGCCCAGAAAGTTCCTGTGATGTCAA
GCTGGTCGAGAAAAGCTTTGAAACAGATACGAAC
CTAAACTTTCAAAACCTGTCAGTGATTGGGTTCCG
AATCCTCCTCCTGAAAGTGGCCGGGTTTAATCTG




CTCTGGGCACGACTACCTGT TCTGGTACAGGECAG
ACCATGATGAGGGEECCTGGAACTGCTGATCTATT
WA TNTABCAAT GTGCCTATCGATGACTCTGECATG

CCCGAGGACAGGT TCTCCGCCAAGATGCCCAAC
GCCAGCTTCTCCACCCTGAAGAT CCAGCCCTCCG
AACCTAGGCGACTCCGCCGTGTACTTCTGIGCCTC
CTCCAACCGGEGECCTCCTCTTATAACGAGCAGITC
TTCGECCCTGGAACCCGCCT GACCGHGCTGGAG
GACCTGAAAAATGT GT TTCCCCCCGAGGT GECCG
TGI TTGAACCAAGCGAGGCCGAGATCAGCCACAC
ACAGAAGGCCACCCTGGT GI GT CTGECCACCGEG

PCT/SG2009/000165

ATTCTATCCCGAT CACTUACABCTEGAGCTEGET@FGGTCCAGCTGA
GI GAACGCGCGAAGGAGGT GCACTCTGECGTGACGC

CDRTCGEAEGCPEACCA Sttt Y TG
CTGAATGATTCTCGETIACTGCCTIGTCCACGEOOOS

CDW@HW\WWGGGM

~— ==\ T\

CDE?@EE&E&@RX&GA( :

GCC‘AAGCCTGTGAC‘}

AATCACTTICACCTC
3GCAGCGCACGGCAAT

G&GCT ACCAECAGC

TCTGTACGAGATCCT
TACGCCGTGCTGGT(

G S G ACCCACTAEZAGTGTCCCTCGTGATTC
o HECTIGT2CEITEOARTGGTGAATTCTCAGCA

GUEEEADBSSGEACACTBGGCCCTTAGCATTCA
TS TCAFEATCATECCATGAATTGCTCATAC

ASBETCOOTOAAO AT TRERFTRETACEST
\%Wp "w“‘... .“';‘A {-n\ F

- C R a. qi.!. A(g{ .\u -
CTA

em

:id' é!g QATEATAAR CAGCAGGGCCGC
.1._;‘ HATFAE EPOTGCTACATGGCTG
VYFCASSNRASSYNE """“Z" M‘}E@SMFFGACTTTTGGGAGTG
EVAVFEPSEAE| SHT Qg AR NEETBUCCGACATCCAGAA
VWNGKEVHSGVSTWPWM@M\@@&RDAGCTGAGAGACTCA
RVSATFWONPRNHFRO@EJE TGTGCCTGTTCACTG
KPVTQ VSAEAWGRAROGHF TSESYOIMVE SRGAGETETETCAGTCTAAG
L GKATL YAVL VSAL L GA0AGGEEEE RG A@Nl%@if @Aﬁ%@é\ G d; @Cé

T1C

genotype A/ D/ E/ %G AATERSE QWI_:‘P

CCGTGGCTTGG GCAATAAG GACTTCGCCT

GTGCTAATGCTTTTAATAACTCCATCATTCCGGAG

GATACATTTTTCCCTAGCCCCGAGTCATCCTGCGA
CGTGAAGCTGGTGGAGAAGTCATTCGAGACCGAC
ACCAATCTTAACTTTCAGAACCTGTCCGTTATCGG
GTTTAGAATCCTGCTGCTGAAGGTTGCCGGATTC

AACCTGCTTATGACGTTGCGCCTGTGGTCCAGCT

GCCAT GGT GAAGCGHAASHABT
21 CDR2 beta 8
23 TCR beta 8 N
QEVTLRCKPI SGHDY
VPI DDSGVPEDRFSA

iDYL
QFF

o

GA
CDR1 alpha 3 KTSINNL 9
CDR2 alpha 3 LIRSNERE 10
CDR3 alpha 3 CATWLSGSARQLTF 11
TCR alpha 3 METLLGVSLVILWLQLARVNSQQGEEDPQALSIQEG | 12

ENATMNCSYKTSINNLQWYRQNSGRGLVHLILIRSN
EREKHSGRLRVTLDTSKKSSSLLITASRAADTASYFC
ATWLSGSARQLTFGSGTQLTVLPDIQNPDPAVYQLR
DSKSSDKSVCLFTDFDSQTNVSQSKDSDVYITDKTV
LDMRSMDFKSNSAVAWSNKSDFACANAFNNSIPE
DTFFPSPESSCDVKLVEKSFETDTNLNFQNLSVIGF




25 HBc18-27 peptide FLPSDFFPSI 26 WO
2009/ 136874PCT/ SG2009/ 000165 44 (HBV genotype
wWBL@Y13581) Nat ural Variant 1 FLPNDFFPSV 27 NatT/86£009/000165

Vari ant 2 FLPNDFFPSA 28 Natural Variant 3

42

[ RILLLKVAGFNLLMTLRLWSS.
CDR1 beta 8 (WT) ATT TCA GGA CAC GAC TAC CTT ] 13
CDR2 beta 8 (WT) TAC TTT AAC AAC AAC GTT CCG ATA 14
CDRS beta 8 (WT) TGT GCC AGC AGC AAT CGG GCG AGC TCC TAC | 15
AAT GAG CAGTTC TTC
TCR beta 8 (WT) ATGGACTCCTGGACCCTCTGCTGTGTGTCCCTTT | 16

GCATCCTGGTAGCAAAGCACACAGATGCTGGAGT
TATCCAATCACCCCGGCACGAGGTGACAGAGATG
GGACAAGAAGTGACTCTGAGATGTAAACCAATTTC
AGGACACGACTACCTTTTCTGGTACAGACAGACC

ATGATGCGGGGACTGGAGTTGCTCATTTACTTTAA
CAACAACGTTCCGATAGATGATTCAGGGATGCCC
GAGGATCGATTCTCAGCTAAGATGCCTAATGCAT

CATTCTCCACTCTGAAGATCCAGCCCTCAGAACC -
CAGGGACTCAGCTGTGTACTTCTGTGCCAGCAGC
AATCGGGCGAGCTCCTACAATGAGCAGTTCTTCG

GGCCAGGGACACGGCTCACCGTGCTAGAGGACC
TGAAAAACGTGTTCCCACCCGAGGTCGCTGTGTT

TGAGCCATCAGAAGCAGAGATCTCCCACACCCAA
AAGGCCACACTGGTGTGCCTGGCCACAGGCTTCT
ACCCCGACCACGTGGAGCTGAGCTGGTGGGTGA

ATGGGAAGGAGGTGCACAGTGGGGTCAGCACAG

ACCCGCAGCCCCTCAAGGAGCAGCCCGCCCTCA

ATGACTCCAGATACTGCCTGAGCAGCCGCCTGAG
GGTCTCGGCCACCTTCTGGCAGAACCCCCGCAAC
CACTTCCGCTGTCAAGTCCAGTTCTACGGGCTCT

CGGAGAATGACGAGTGGACCCAGGATAGGGCCA
AACCTGTCACCCAGATCGTCAGCGCCGAGGCCTG
GGGTAGAGCAGACTGTGGCTTCACCTCCGAGTCT
TACCAGCAAGGGGTCCTGTCTGCCACCATCCTCT
ATGAGATCTTGCTAGGGAAGGCCACCTTGTATGC
CGTGCTGGTCAGTGCCCTCGTGCTGATGGCCATG
GTCAAGAGAAAGGATTCCAGAGGCTAG

CDR1 beta 8 (OPT) ATC TCT GGG CAC GAC TAC CTG 17

CDR2 beta 8 (OPT) TAT TTT AAT AAC AAT GTG CCT ATC 18
CDR3 beta 8 (OPT) TGT GCC TCC TCC AAC CGG GCC TCC TCT TAT | 19

AAC GAG CAGTTCTTC

TCR beta 8 (OPT) ATGGACAGCTGGACACTGTGCTGCGTGAGCCTGT | 20
GCATTCTGGTGGCCAAGCACACCGACGCCGGCG
TGATCCAGAGCCCTCGCCACGAGGTGACCGAAAT
GGGCCAGGAGGTGACACTGCGCTGCAAGCCAAT




FLPADFFPS. I . 29 Natural Variant 4 FLPVDFFPS1 30
Nat ural Variant 5 FLPTDYFPSV 31 Natural Variant 6

WO-PSDEESPPY 32 Nat ur al

Variant 7 (26G FLPSDFARG/SG309/000165

Natural Variant 8 (25M 26G FLPSDFFMGV 34

43

CTCTGGGCACGACTACCTGTTCTGGTACAGGCAG
ACCATGATGAGGGGCCTGGAACTGCTGATCTATT
TTAATAACAATGTGCCTATCGATGACTCTGGCATG
CCCGAGGACAGGTTCTCCGCCAAGATGCCCAAC
GCCAGCTTCTCCACCCTGAAGATCCAGCCCTCCG
AACCTAGGGACTCCGCCGTGTACTTCTGTGCCTC
CTCCAACCGGGCCTCCTCTTATAACGAGCAGTTC
TTCGGCCCTGGAACCCGCCTGACCGTGCTGGAG
GACCTGAAAAATGTGTTTCCCCCCGAGGTGGCCG
TGTTTGAACCAAGCGAGGCCGAGATCAGCCACAC
ACAGAAGGCCACCCTGGTGTGTCTGGCCACCGG
ATTCTATCCCGATCACGTGGAGCTGAGCTGGTGG
GTGAACGGGAAGGAGGTGCACTCTGGCGTGAGC
ACCGACCCTCAGCCACTGAAAGAGCAGCCCGCC
CTGAATGATTCTCGGTACTGCCTGTCCAGCCGCC
TGCGCGTGTCTGCCACCTTCTGGCAGAACCCCAG
AAATCACTTCAGGTGCCAGGTGCAGTTCTATGGG
CTGAGCGAGAACGACGAATGGACCCAGGACAGA
GCCAAGCCTGTGACACAGATCGTGTCTGCCGAAG
CCTGGGGCAGAGCCGACTGCGGCTTTACCAGCG
AGAGCTACCAGCAGGGCGTGCTGTCCGCCACAAT
TCTGTACGAGATCCTGCTGGGAAAGGCCACACTG
TACGCCGTGCTGGTGAGCGCCCTGGTGCTGATG
GCCATGGTGAAGCGGAAAGACTCCCGGGGCTGA

CDR1 beta 8 [SGHDYL 21
CDR2 beta 8 YFNNNVPI 22
CDRS beta 8 CASSNRASSYNEQFF 23
TCR beta 8 MDSWTLCCVSLCILVAKHTDAGVIQSPRHEVTEMG | 24

QEVTLRCKPISGHDYLFWYRQTMMRGLELLIYFNNN
VPIDDSGMPEDRFSAKMPNASFSTLKIQPSEPRDSA
VYFCASSNRASSYNEQFFGPGTRLTVLEDLKNVFPP
EVAVFEPSEAEISHTQKATLVCLATGFYPDHVELSW
WVNGKEVHSGVSTDPQPLKEQPALNDSRYCLSSRL
RVSATFWQNPRNHFRCQVQFYGLSENDEWTQDRA
KPVTQIVSAEAWGRADCGFTSESYQQGVLSATILYE
ILLGKATLYAVLVSALVLMAMVKRKDSRG

HBc18-27 peptide FLPSDFFPSV 25

(HBV genotype A/D/E/F)
(WT C18-27)

HBc18-27 peptide FLPSDFFPSI 26




Natural Variant 9 (23Y) FLPSDYFPSV 35 Natural Variant
10 (24L) FLPSDFLPSV 36 Natural Variant 11 (21P)
WOLBPDEBRSY 37 Natural Variant 12 (27A) FLPSDRFPBSGB89/000165

Natural Variant 13 (24Y) FLPSDFYPSV

44
(HBV genotype
B/C)271)
Natural Variant 1 FLPNDFFPSV 27
Natural Variant 2 FLPNDFFPSA 28
Natural Variant 3 FLPADFFPS] 29
Natural Variant 4 FLPVDFFPSI 30
Natural Variant 5 FLPTDYFPSV 31
Natural Variant 6 FLPSDFYPPV 32
Natural Variant 7 (26G) | FLPSDFFPGV 33
Natural Variant 8 (25M, | FLPSDFFMGVY 34
26G)
Natural Variant 9 (23Y) | FLPSDYFPSV 35
Natural Variant 10 (24L) | FLPSDFLPSV 36
Natural Variant 11 (21P) | FLPPDFFPSV 37
Natural Variant 12 (27A) | FLPSDFFPSA 38
Natural Variant 13 (24Y) | FLPSDFYPSV 39

Table 1. Sequences of HBV eptiope reactive exogenous TCR alpha 3 and
beta 8 chains and naturally occurring HBc 18-27 epitope mutant peptides.

Name Sequénce SEQID
NO:

CDR1 alpha 12 (WT) GAC CGA GGT TCC CAG TCC 40

CDR2 alpha 12 (WT) ATA TAC TCC AAT GGT 441




reactive exogenous iUt< a p a
Wm2i0an3d8r4 occurring HBc 18-27
Nanme Sequence SEQ I D NO CDR1
GGTI TOO CAG TCC 40 CDR2 al pha

39 . Table 1. Sequences of HBV eptiope

s an beta 8 chains and

epi tope nmut ant PEPSGUOY000165
al pha 12 (W) GAO CGA

12 (W) ATA TAO TOO AAT

GGT 41 WD 2009/ 136874PCT/ SG2009/ 000165 45 CDR3 al pha

12 (W)

45

CDR3 alpha 12 (WT)

TGT GCC GTG AAC CTC TAT GCA GGC AAC
ATGCTCACCTTT

42

TCR alpha 12 (WT)

ATGATGAAATCCTTGAGAGTTTTACTAGTGATCCT
GTGGCTTCAGTTGAGCTGGGTTTGGAGCCAACAG
AAGGAGGTGGAGCAGAATTCTGGACCCCTCAGTG
TTCCAGAGGGBAGCCATTGCCTCTCTCAACTGCAC
TTACAGTGACCGAGGTTCCCAGTCCTTCTTCTGGT
ACAGACAATATTCTGGGAAAAGCCCTGAGTTGATA
ATGTTCATATACTCCAATGGTGACAAAGAAGATGG
AAGGTTTACAGCACAGCTCAATAAAGCCAGCCAG
TATGTTTCTCTGCTCATCAGAGACTCCCAGCCCAG
TGATTCAGCCACCTACCTCTGTGCCGTGAACCTC
TATGCAGGCAACATGCTCACCTTTGGAGGGGGAA
CAAGGTTAATGGTCAAACCCCATATCCAGAACCCT
GACCCTGCCGTGTACCAGCTGAGAGACTCTAAAT
CCAGTGACAAGTCTGTCTGCCTATTCACCGATTTT
GATTCTCAAACAAATGTGTCACAAAGTAAGGATTC
TGATGTGTATATCACAGACAAAACTGTGCTAGACA
TGAGGTCTATGGACTTCAAGAGCAACAGTGCTGT
GGCCTGGAGCAACAAATCTGACTTTGCATGTGCA
AACGCCTTCAACAACAGCATTATTCCAGAAGACAC
CTTCTTCCCCAGCCCAGAAAGTTCCTGTGATGTCA
AGCTGGTCGAGAAAAGCTTTGAAACAGATACGAA
CCTAAACTTTCAAAACCTGTCAGTGATTGGGTTCC
GAATCCTCCTCCTGAAAGTGGCCGGGTTTAATCT
GCTCATGACGCTGCGGCTGTGGTCCAGCTGA

43

CDR1 alpha 12 DRGSQS 44

CDR2 alpha 12 IYSNG 45

CDR3 alpha 12 CAVNLYAGNMLTF 46

TCR alpha 12 MMKSLRVLLVILWLQLSWVWSQQKEVEQNSGPLSV | 47
PEGAIASLNCTYSDRGSQSFFWYRQYSGKSPELIMF
[YSNGDKEDGRFTAQLNKASQYVSLLIRDSQPSDSA
TYLCAVNLYAGNMLTFGGGTRLMVKPHIQNPDPAV
YQLRDSKSSDKSVCLFTDFDSQTNVSQSKDSDVYIT
DKTVLDMRSMDFKSNSAVAWSNKSDFACANAFNN
SIIPEDTFFPSPESSCDVKLVEKSFETDTNLNFQNLS
VIGFRILLLKVAGFNLLMTLRLWSS

CDR1 beta 7.8 (WT) TCG GGT CAT GTATCC 48

CDR2 beta 7.8 (WT) TTC CAG AAT GAA GCT CAA 49




TGT GCC GTG AAC CTC TAT GCA GGEC AAC ATG CTC ACC TIT 42

TCR al pha 12 (W) ATGATGAAATCCTTGAGAGTTTTACTAGTGATCCT
WGSIBHTIBCAGT TGAGCT GEGT TTGGAGCCAACAG PCT/SG2009/000165

AAGGAGGT GGAGCAGAATTCTGGACCCCTCAGT G

TTCCAGAGGGAGCCATTGCCTCTCTCAACTGCAC

TTACAGTGACCGAGGT TCCCAGTCCTTCTTCTGGT

ﬁ_?é_?AgAATATTCT GGGAAAAGCCCTGAGI TGATA

TCATATACTCCAATGGTGACAHRAGAAGATGCG AAI

CT CAATAAAG C CAG CCAG COTTTACAG CACAE

TATGITTCTCTGCTCATCAGAGACT CCCAGCCCAG

TGATTCAGCCACCTACCTCTGI GCCGTGAACCTC

CORB BAGEURACAT GO BOAGCTTAGGABLEGACAC TTT GGC AAT 50
CAAGGTTAAT GGT CAANCECTATBACCAEAAGECT
GACCCTGCCGT GTAGCAGCT GAGAGACTCTAAAT

TORGAGIGACARGTCTG THECTGGGTGGTCCTG | 51
CATTCTCAAACAAAT A CACAGGTGCTGGAG
TGATGTGTATATCAG T A CaTeTOATOOARTT
m%@'% TTGGTACCAACAGGC
AACCOCT T CAAGAA GTTTCTGACTTATTTC
ot G CARBRCAAATCGGGGCTGC

CTTCCCCAGCCOAS s I AN SITTTAATEECAGAAAGGCCTGAGGG
AGCTGGT CGA GO AROAGRTAGBAGATCCAGCGCACACAG
CCTAAACTTT A SACAGKTTGOCETGTATCTCTGTGCCAGCA

GAATCCTCCT CCT ARG I AR CAGCCCCAGCATTTTGE
GCTCATGACGCTGCG o TG

DRGSQS 44 CDR2 ¢
CAVNLYAGNMLTF 4

LSWAMBQQ KEVEQN

FFWRQYS G KS Pl £2 dan LL
I RDS Q PS DSA CRGTREMASRId CQNRIRAY
YQLRDSKSSDKSVCLIH @%#K@ﬂ@géﬂ@AGdAGEG®CCWR$3M

DFKSNSAVAWS N KSG REACABAEAC OIS T4 G OEDIAGESFESSAACC
CDVKL VEKSFETDTNLAC FQMCE W TABARRICAAGTREASCRRIANIATRL WS
47 GGAGAATGACGAGTGGACCCAGGATAGGGCCAA
ACCCGTCACCCAGATCGTCAGCGCCGAGGCCTG
GGGTAGAGCAGACTGTGGCTTTACCTCGGTGTCC
TACCAGCAAGGGGTCCTGTCTGCCACCATCCTCT
ATGAGATCCTGCTAGGGAAGGCCACCCTGTATGC
TGTGCTGGTCAGCGCCCTTGTGTTGATGGCCATG

GTCAAGAGAAAGGATTTCTGA
CDR1 beta 7.8 SGHVS 52
CDR2 beta 7.8 FQNEAQ S3
CDR3 beta 7.8 CASSSDFGNQPQHF 54
TCR beta 7.8 MGTRLLCWVVLGFLGTDHTGAGVSQSPRYKVAKR | 55

GQDVALRCDPISGHVSLFWYQQALGQGPEFLTYFQ
NEAQLDKSGLPSDRFFAERPEGSVSTLKIQRTQQED
SAVYLCASSSDFGNQPQHFGDGTRLSILEDLNKVFP
PEVAVFEPSEAEISHTQKATLVCLATGFFPDHVELS
WWVNGKEVHSGVSTDPQPLKEQPALNDSRYCLSS
RLRVSATFWQNPRNHFRCQVQFYGLSENDEWTQD
RAKPVTQIVSAEAWGRADCGFTSVSYQQGVLSATIL
YEILLGKATLYAVLVSALVLMAMVKRKDF




10

15

20

CDRL beta 7.8 (W) TCG GGT CAT GTA TCC 48 CDR2 beta
7.8 (W) TTC CAG AAT GAA GOT CAA 49 WO

WQO®9/13686874PCT/ SG2009/ 000165 46 CDR3 beta 7. 8PCWEG2009100165

GCC AGD AGC TOG GAC TTT GGC AAT GAG CCC GAG CAT -ITT
50 TCR beta 7.8 (W) ATGEGECACCAGECTCCTCTGCCTGGEGIGGICCTG
GGTTTCCTAGGGACAGATCACACAGGTGCTGEAG

TCTCCCAGI CCCCTAGGTACAAAGT CGCAAAGAG
AGGACAGGATGTAGCTCTCAGGTGREATCCAATT 51

TCGGGTCATGTATCCC 'l'11 TTGGTACCAACAGEC
CCTGGEEECAGEEECCAGAGITTCTGACTTATTTC
CAGAATGAACCTCAACTAGACAAAT CACTGC

HBeXTATR@EPHECT TCT PMSEABAMAGECCT GAGEG 56
(HBVrgsnelves AEACT CT GAAGATCCAGCGCACACAG

CACCACCACTCCCCCTCTATCTOTCTICCCACCA

&Bﬁz%%mmmwﬁﬁ% 57
N CGACTCTCCATCCTAGAGGACCTG
B AL EE T COC RERBRERTCCCTGTGT TTG 58

(HBYZ L EAGAACCA GAGATCTCOCACACCCAAAA
GGCCACACTGGT GT(3CCTGGCCACAGECTTCTTC

Talble TX8eqhehrdéSHIBRARTIDpe reative édogenous TCR alpha 12 and

be%@%&ﬁwge 370-79 epitope mutant

pepideCCAGATACT GCCT GAGCAGCCGECCTGAGG
GI'CTCGGCCACCTTCTGGECAGAACCCCCGCAACC

Ha@%@%@ﬁﬁg@ﬁgsame will be more readily

Adameeranples which are prowded by

o S LTI ERRUR o v rosnt e,

ATGAGATCCTGCTAGGGAAGGCCACCCTGTATGC
CAGCGCCCTTGTGTTGATGGCCATG
GTCAAGAGAAAGGATTTCTCGA
Standard molecular biology techniques known in the art and not specifically

described were generally followed as described in Sambrook and Russel,
Molecular Cloning: A Laboratory Manual, Cold Springs Harbor Laboratory, New
York (2001).

The following examples are provided to assist in a further understanding of the
invention. The particular materials and conditions employed are intended to be
further illustrative of the invention and are not limiting upon the reasonable

scope of the appended claims.

Example 1

Cloning Hepatitis B virus specific T cell specific for HBV core 18-27 epitope
(HBc18-27)

F’eripheral blood lymphocytes (PBL) were isolated from fresh blood obtained
from a HBV patient who was able to resolve the disease and who was of HLA
haplotype HLA-A0201 herein referred to as “a resolved HLA-A201 HBV patient”.




10

15

20

25

CDR1 beta 7.8 SGHVS 52 CDR2 beta 7.8 FQNEAQ 53 CDR3

beta 7.8 CASSSDFGNQPQHF 54 TCR beta 7.8
WO/BDRILEBV/VL GFL GTDHT GAGVSQSPRYKVAKR PCT/SG2009/000165

GQDVALRCDPI SGHVSL FWYQQAL GQGPEFLTYFQ

NEAQL DKSGL PSDRFFAERPEGSVSTLKI QRTQQED

SAVYL CASSSDFGNQPQHFGDGTRLS! LEDLNKVFP

PEVAVFEPSEAE| SHTQKATLVCLATGFFPDHVELS

VWWNGKEVHSGVSTDPQPL KEQPAL N@SRYCL SS

RL RVSATFWONPRNHFRCQVQFYGL SENDEWT QD
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density gradient centrifugation. PBL were then washed three times in Hanks
Balanced Salt Solution (HBSS) (Invitrogen, Carlsbad, CA), resuspended in Aim-
V medium, 2% human AB serum (Invitrogen, Carlsbad, CA), stimulated with 1
UM of HBV core 18-27 epitope (“HBc18-27 peptide”; FLPSDFFPSV; SEQ ID
NO: 25; Primm SRL, Milano, ltaly) plus 20 U/ml interleukin-2- (R&D systems,
Minneapolis, MN) and plated in a 24-well plate at 4 x 10° cells/well for 10 days.

The HBc¢18-27-specific CD8+ T cells prepared as above were then labelled with
phycoerythrin (PE)-conjugated HLA-A2 class | pentamers herein referred to as
“HBc18-27-HLA-A201 pentamers” and/or “HLA-A2 pentamer” (Proimmune,
Oxford, United Kingdom) bearing the HBc18-27 epitope for 30 min at 37°C and
purified via magnetic cell sorting using anti-PE microbeads (Miltenyi Biotech,
Surrey, United Kingdom). Following isolation, cells were labelled with Cy-
chrome-conjugated anti-CD8+ (BD Pharmingen, San Diego, CA) and the
percentage of stained T cells were determined by Fluorescence-activated cell
sorting (FACS) analysis using a FACScan flow cytometer (BD Biosciences,
SanDiego, CA) and analyzed using CellQuest software (BD Biosciences). The
flow cytometry method used is further described in Gehring et al. incorporated

herein by reference. The results are shown in Figure 2A.

The CD8+ and HBc18-HLA-A201 pentamer positive T cells as mentioned
above, were then cloned using the limiting dilution assay as described in
“Current Protocols in Immunology” Copyright © 2007 by John Wiley and Sons,
Inc., and expanded in Aim-V 2% AB serum (Invitrogen, Carisbad, CA), 20 U/ml
IL-2, 10 ng/ml IL-7, and 10 ng/ml IL-15 (R&D systems, Minneapolis, MN) with
1.5 pg/mi phytohemagglutinin (Sigma-Aldrich, Dorset, United Kingdom) using
allogeneic irradiated PBL as feeder cells. Cells were plated at 1 cell/well on 96
well plates and wells positive for T cell growth were tested for HBc18-27
reactivity by intracellular cytokine staining for IFN-y according to the protocol

provided in Gehring ef al. incorporated herein by reference.
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Highly positive wells for peptide reactivity were then screened using the specific
HBc18-27 HLA-A201 pentamer (Proimmune, Oxford, United Kingdom)anda T
cell clone, referred to herein as C183 was selected for further study. The
results, depicted in Figure 2A, demonstrate that 100% of CD8+ and HBc18-27-
HLA-A201 pentamer- reactive T cells were detected. Clonality was tested using
a panel of T cell receptor (TCR) VB monoclonal antibodies (Beckman Coulter,
Fullerton, CA). This procedure involved the use of a panel of VB antibodies that
stained all known Vg chain family members and where positive staining for only
one VB chain meant that it was highly likely that all of the T cells of that clone
expressed the same TCR. Accordingly, the resultant TCR VB distribution for
C183, shown in Figure 2B demonstrates that all the T cells from C183 were VB8
positive suggesting homogeneity (likely that they were all derived from a single
cell) and thus clonality.

C183 thus was shown to be a clonal, CD8+, HBc18-27 specific cytotoxic T cell
clone and was grown and maintained in Aim-V, 2% AB serum, 20 U/ml IL-2, 10
ng/ml IL-7, and 10 ng/ml IL-15 (R&D Systems, Abingdon, United Kingdom) in a
5% CO. humidified incubator at 37° C.

Example 2

Recognition of tumor cells and primary human hepatocytes by C183 T cell clone

HepG2 is a HLA-A2+, hepatocyte-like tumor cell line isolated from a primary
hepatocellular carcinoma tumor (HCC). HepG2 cells (American Type Culture
Collection, Rockford, MD) were grown and maintained in RPMI 1640
supplemented with 10% heat-inactivated fetal bovine serum (FBS), 20 mM
HEPES, 0.5 mM sodium pyruvate, 100 U/ml penicillin, 100 pg/ml streptomycin,
MeM amino acids, L-glutamine, MeM nonessential amino acids (Invitrogen,
Carlsbad, CA), and 5 ug/ml Plasmocin (InvivoGen, San Diego, CA) to prevent
mycoplasma contamination. A derivative of this line, HepG2.105 (Kindly
provided by Michael Nassal at the University of Freiberg) was engineered to
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be nore readily 5 understood through reference to the
foll ow ng exanpl es which are provided by way of
illustration, and are not intended to be limting of
the present invention. EXAMBLES Standard nol ecul ar
bi ol ogy techni ques known in the art and not
specifically described were generally foll owed as
descri bed in Sanbrook and Russel, 10 Ml ecul ar
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he |nvent| on. The partl cul ar S an con 1 ONS
desatipey do Sus .andehta@satoza%fwrtmOn Icongrol gidrertabfcell line,

RSz AR RS EE sl R e DR ErGsoREloer

wadeptaibiyt tranBfectadi withpe®i Hosy Sz'yc‘ﬁﬁydéd&ﬁeh't Cre?@lbtd’r’sb/ut not the
re 18-27 e toe (HBcl 8- Peri pheral d _
H @rﬁﬂ@@?& eBo |W@§eHB§6I2a1 andohtepE2IMDT owgre grown in

o P E B U LS
apheoveidn FBEf eBlDeiotsoieaseé,aSIaathegeﬁ CARN- 280hMBYEPES, 0.5 mM
sogﬂtrﬁ er;])ty;ljvate, 100 U/ml penicillin, 100 pg/mi streptomycin, MeM
nonessential amino acids (Invitrogen), 200 pg/ml G418 sulfate, 80 pg/ml
Hygromycin B (AutogenBioclear, Wiltshire, United Kingdom). Doxycycline (0.1
to 100 ng/ml, BD Biosciences) was added to cultures to regulate HBV

expression.

The standard HepG2 cells were labeled with 0.75 pM carboxyfluorescein
succinimidyl ester (CFSE; Invitrogen) for 10 min at 37°C. Cells were washed,
and CFSE-labelled targets were pulsed with 10® M HBc18-27 peptide (Primm
SRL, Milano, Italy) for 1 h on ice. Unlabelled (0 M HBc18-27 peptide) and
CFSE-labelled (plus HBc18-27 peptide) HepG2 cells were mixed together in a
1:1 ratio, 2 x 10° cells of each HepG2 cell line, in 24-well plates and incubated
overnight to permit HepG2 adherence. To determine if C183 was capable of
killing HCC tumor cells, C183 clones obtained from Example 1 were co-cultured
with the HepG2 cells that were adhered to the wells (“targets”). A total of 4 x 10°
of C183 clones were added to the targets and incubated for 5 h at 37°C. The
resultant effector (C183):target (unlabelled + CFSE-labelled HepG2 cells) ratio
was 1:1. After 5 h co-incubation, HepG2 cells were collected via trypsinization
and cytotoxicity was determined by comparing ratio of peptide pulsed targets to
unpulsed targets in wells +/- the addition of C183. The results shown in Figure 3
depict that CFSE negative cells (no HBc18-27 peptide) which were co-cultured
with C183 remained and nearly all HepG2 cells which were HBc18-27 and
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5 pM of HBV core 18-27 epitope ("HBcl8-27 peptide"
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Exanpl e 2 Recognition of tunor cells and primary human
hepat ocytes by C183 T cell clone 20Hep& is a HLA- A2+,
whepausdsys e-1i ke tunor cell |ine isolated fronP@r/SG2009/000165
primary hepatocel |l ul ar carci noma tunor (HCC). Hep&
cells (American Type Culture Collection, Rockford, MD)
were grown and maintained in RPM 1640 suppl enent ed
with 10% heat -i nactivated fetal bovine serum (FBS), 20
mM HEPES, 0.5 nmM sodi um pyrgwate, 100 U nll penicillin,
100 pg/ M streptomycin, 25 MeM am no aci ds,
L- gl utam ne, MeM nonessential am no acids (Invitrogen,
Carl sbad, CA), and 5 pg/m Plasnocin (InvivoGen, San
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explaptass shronic diBVr vesvagd neersullivigdr withe CIS3: laobomﬁng?a to the

| ent regulator, which permts vira

prdg:%;&%ﬁgééﬁé%%ﬁ)gge%ej@?/éssed at various |levels as described

in Sun and Nassal, 2006. A vector control parental
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for aseenttiomuehan (iMérMvby Guem s HRN(Stein 2Bl 8EaAS1991) with some
(I nvitrogen), 200 pg/m 418 sulfate, 80 pg/ ni

mogfigationi Bﬂg‘\x,@tS@gngichIIV@arqf ahoutstRo do 200 gewas cut, and

oxts89558hee Y S SIE e SACCMThe R, gy ol
diameperetsbingn The tissue was perfused sequentially at 50 ml/min with 500 mi
PBS-HEPES wash solution to remove Wiliam’s E medium, 500 ml PBS—
HEPES-0.5 mM EGTA, and again with 500 ml PBS-HEPES wash solution (The
solutions were obtained from Invitrogen Ltd.). Finally, 300 ml enzyme solution
(0.05% collagenase (Roche, Indianapolis, IN), 0.012% hyaluronidase (Sigma,
Dorset, United Kingdom), 0.025% Dispase Il (Roche), 0.005% DNase (Roche)
containing 5 mM CaC1,), maintained at 41°C, was perfused with recirculation,
and enzymatic digestion continued for 10 to 20 min until the liver was judged to
be substantially softened. Tissue was mechanically dissociated in 200 ml
Hanks’ balanced salt solution (Invitrogen Ltd.) containing 10% FBS, 5 mM
CaCl,. The cell suspension was filtered through a 60-um cell strainer and
pelleted at 37x g for 10 min at 4°C. Cells were washed three times in Hanks’
balanced salt solution, after which viability and yield were assessed. Purified
hepatocytes were used immediately after isolation. 100,000 primary
hepatocytes/well were added to 96 well plates and 75,000 C183 clones were
added to respective wells for 5 h with anti-CD107a-PE antibody (BD
Pharmingen, San Diego) for degranulation plus 10 ug/ml brefeldin A (Sigma-
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(pl us HBc18-27 peptide) Hep& cells were nixed
together in a 1:1 ratio, 2 105 cells of each Hep&X
cell line, in 24-well plates and incubated 20
overnight to pernmt Hep& adherence. To determne if
C183 was capable of killing HCC tunor cells, C183
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52 In order to determne if C183 T cell clone can
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expl anted chronic HBV patients under informed consent
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hepat ocytes. 15 Exanple 3 Recognition of additiona
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infection is predom nantly an Asian problemand it is
thus |nportant to knom1|f the HBclS 27 speC|f|c TCR

nmn A N~ o o " .
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20 genotypes (A, B, C, D and G. The HBcl1l8-27 epitope
expressed by HBV genotypes B and C ( FLPSDFFPSI; SEQ I D
woeN02836824¢ € t he nost preval ent in Asia. Genot yPEESE0@NM00165

D, nost prevalent in Europe and United states,
(FLPSDFFPSV; SEQ I D NO 25) are characterized by a
valine at position 27 whereas genotypes B and C are
characterized by an isol eucine at position 27. 25 This
can have a profound i npact the ability of HBV
patients to present the HBcl8-27 epitope or it can
affect TCR recognition of the epitope. 54 The ability
of C183 to recognize HBc18-27 epitope from genotypes B

and C, and A and D presented by different_subty
To fusthar shew et e $iBa-1821 |T§3 @rﬁéye@%ﬁ@@"gs@@gmze the

HE%ﬁ%fNér? g Bg’éégﬁ%ﬁ@ﬁulﬁé % ;,/Ax'ﬁg%olﬁ}/@é%l dbgd WatiBus mutants
of e HBsI@- ZZII”@MOBeh BBy danaan@TEedl Brneeiisl e)g;reasndgﬂHIaAFA@@M -
AOBBR b E Sms BERE R O B899 e eds ot HBv
geﬁ&gpga\/Dt HBB§S Qﬁrﬁﬂtoge((ﬂd@e (@Qﬂt)):&*ld FI’B’\Pbeﬁot‘O?é B/C I-I\I/’?m 8-

wi th i ncreasi ng concentrations p
27 epiteipe.1@-igarepbh(B )i e(seqmlmca pmyrdeldsv flypod que:tdtured with

H@E']\%%gngéé.pfer %%e%af §§Ls f?_rB gg ée%%%t%ﬂ%ﬁy\ﬁgs Npeasured by

theBﬁiDEFB kn@eg@m‘ mdfor IPNs¢aTieaeysuliyias ERYvEB lﬁéﬁlgﬁres 12 (A)
ed with HBSS to renobve excess ﬁﬁeptl de_ and

Wer e
ang §Bg ah@wﬁbat tethiBe-18x2104 C& iansdiiced Thcells farogpizesihecdBet8-
ction was neasured
27%{‘/’“?’&?:}52%%%'11[% g’&?‘t‘:@ gll?ﬁ#e)\s aig%tlﬁg’gg#o determine T cell
activation as described in Gehring et al. incorporated
Figuee di2n( Q) yshoefsetherresultd &/heheHicAA R4t T2 avells stevertoaded with each

of IR aifieSt pPRRdRERE S8 EA1 SBrR o Fberinged Syith Hga(8-27
Tcrenahydesed & cdils for 34 ﬁ)ceﬂﬂ‘écb?ﬁhoﬁ ks th@‘?ﬂ@t’aﬁ peptides was

epi topes were presented by the tThree nost dom nan

deﬁqu;mrmi bybnirpesliujad syvtpkiog, stammgmrelFNde The&emcmces of the

5 H30eb B b BRSR o P LA B GO B, v

HBELE8327 TERI tparfsdlueeti O beﬂi@%tﬁbgtmzddﬂeaﬂldﬂislﬁﬁéntemﬂmBGHch-
from HBV genotypes ND (C18 wher eas the grey

27 \epipRachbe Unstin écﬂméh!éysfdm eter ' B s barg the HLA-A2+

T2 REG e SRL LR O B bRBfe £0Te 57 opi topes.
presented by (A HLA-A201; (B) HLAA206; and (O

Exainfer207 MHC cl ass | nol ecul es were recogni zed by
C183 25 C183 recogni zed the HBc18-27 epitope wth

isolafth SR T s ClmAt b B RN Seent e

by the three nost dom nant HLA- A2 subtypes (A) A0201,
ToladPRNQ 26 isoldtddGromE®A0° C B3 donésiusingr TRIzoWhVitbgehe TCR
HBc- 18- 27 TCR transduced T cells recogni ze the
alpha@m betaeghain slonjicwanRedfasyehAn A oBtracibags hypPrmes SRL

Mt aﬁsl?%me ggéaﬁ e? g(pﬁdgg)s ?ﬁg& aLPACT%ﬁ%t rp\gg‘ogownstream

clon#@ZO? subtypes were | oaded with increasi ng
concentratl ons of HBV 6 genotype ND HBc18-27 epitope

12 (A d B/ C
Th siedipics Grlals. Pl 11K Betarie i iy efp #haine V882
an%)eolnlégﬂf)g?algh'é ichaRd V‘MSt i ¢ipgs. 1l3ur1-’rYerT[§RAt éélﬂ!é‘i%@%a'fy&s using

h. T céell activation was neasured by
the ntracel | ul Mnmugo@&met@su ai ni ng fof-Quasty. The resalggithm
as shown in Figures 12 (A) and (B) show that the
HBc- 18- 27 TCR transduced T cells recogni ze the HBc18-
10 27 eptiope presented by nultiple HLA-A2 subtypes.
Figure 12 (C) shows the results when HLA- A2+ T2 cells
were | oaded with each of the ‘mut ant pept| des of

LIS AN N~ e o o o T A LN N e e p—
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Exanple 4 20 Isolation of C183 T cell receptor al pha
and beta chain DNA Total RNA was isolated from 5x106
wWC1®9/18d80hes using TRI zol (I nvitrogen). TCR al ptES@rd9/000165
beta chain cloning was perforned on a contract basis
by Primm SRL (M| ano, Italy) and supplied in Topo
blunt Il cloning vector for downstream cloning. 25 The
sequence anal ysis reveal ed the presence of one TCR
beta chain, V138.2, and onegdCR al pha chain, Va3 in
C183. Further DNA sequence analysis using the
| mmunogenetics V-Quest algorithm 56
(http //i rrgt cines.fr/1MaT vquest/share/textes/)i dent i

R B SRR BRI . B LT e
Cdﬂ%léﬁhe a[;etéﬁ:ﬁadnr%( CDglin(cmg hhmet\M%hWﬁg%Eo ID

V138.2 chain

CP @ IQ@@%G SECDI 1%0: 1SEG DR3MOSES) 1D il earfsl the three unique

ot e Torch Rl DRIR e P ATl (TR2RER AR DI N-22,

CDRBBR\SE6. ID NONB)pr epar ed according to Exanple 4 above,
were 10 cloned individually into retroviral vector

MP7]1 as described in Engels, Camet al. 2003. (Kindly
Ex ed by Professor Hans Stauss, Royal Free and UCL
Medi cal School, London, UK) using a 5 Not- 1 site and

Re’irovﬁéf é:énﬁmc% doNexhRRakBR e B0k ciyfé)?' 7ERY and

Va3, V88.2 and MP7/1 vector were |gested
lymaroata tranedustion each enzyme. Di gest ed products wer e
15 isolated on 1% agarose gel by el ectrophoresis and

2. . T ¢

OB 1 YT 952 PO eR B SELArRRe oAb, v

clooedrmdghiuaiuy iAo mtidvirdhvédibr MRES as(d¥seRBed )in tEh e% nﬂ)am et
retr ov: 5 yconst ruct sMP71- TCR Va3 and MP71-TCR

rRIeVidege Py F?w&ﬁsgédﬂu@m&a%s cBayaly ﬁfemand ucL
Méd"l:%ff‘récﬁw EGHé&FtUKng ]]E@Rgeiﬁ Y b @@@%PQI’:%‘Q?NeW

function of the ¢lon he cons Wer € use
EngI@ndemiabs,t |Ipnsw10h MaA). oVORal Va3 p¥iRBaR antd WIPZh vwestor were

oo AP o s S e e o
|soﬁ§c(!e o Yzcg r?g&rd‘s'er éél b Mo dtRIpRoRis HREATidd- (Bhg' &N gel
extraction kit. TCR chains and MP71 vector were mixed in 1:1 ratio and ligated
overnight at 4°C with T4 DNA ligase (Promega) to form retroviral constructs-
MP71-TCR Va3 and MP71-TCR VB8.2. These constructs were then sequenced

to confirm DNA insert was correct.

To determine the expression and function of the cloned TCR, the constructs
were used for preparation of retroviral supernatant which was further used for T
cell transduction as explained below. Expression of inserted alpha and beta
chains was driven by viral long terminal repeats (LTR) found in each construct.

Retroviral supernatants were prepared using a transient transfection method
which comprised using Phoenix amphotropic packaging cell line (Clontech
Laboratories, US) that was first plated at 2x10° cells/dish and allowed to adhere
for 24 h in Iscove's Modified Dulbecco's Medium (IMDM), 10% FBS, 25 mM
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Retroviral supernatants were prepared using a

transient transfection nethod 25 which conprised using
webwenses7anphot r opi ¢ packagi ng cell |ine (C one@rbG2009/000165

Laboratories, US) that was first plated at 2x106

cells/dish and allowed to adhere for 24 h in Iscove's

Modi fi ed Dul becco's Medium (I MOV, 10% FBS, 25 nM 57

HEPES, d utamax (Invitrogen) and 5 ug/m Pl asnocin

(I'nvivogen). Cells were trag;i ently co-transfected

using the Call 2 nethod for 24 h with 9 pg each of

MP71- TCR Va3, MP71-TCR V138.2 together with 6 pg of

anphot ropi ¢ envel ope (kindly provided by Professor

Hans Stauss, Royal Free and UCL Medical 5 School,
HERfRS o Fluteriex (UDNiragen) aedh 5 ugiml Rlasmoch Anwivogen). HieHsnwere

iRl 40 PR BRRAC g Sk FupPBY Rk bR, pg each of

MI(EEVJT eth Vd(BE MPI1_$FVFBL?@Q§HF|WIW GCLFJWOT ?gigthon‘bpmmelope
atient perjphera 00 Qcyt e

(DGl Prty ek R 888 o AR e | BRI EyesrahICL Medical

SC%?F%?E@QN%:?K&H @%g%gpgﬁ ?&%@Q@é@%ntﬁ'@ﬁg\ﬁ"@?g{c}gﬁéﬁﬂ@ serum

romvolunteers u
andnpboernd ceilsswﬁrebmcﬂbateldl fcnfeael agditiondl @dt h before retroviral
centrifu i.mul ated with 600 U m

supEtanta e Slpeted oRER agiistBlis) and 50 no/mt anti OB
(OKT-3; eBioscience, San Diego, CA) for 48 h.

Heldﬂthzec%rﬁﬁ a4d \emlrdm.blHsvepgmérttuwnmieaélesldw Wnﬁmﬁ@ﬂes (PBL)

30 ug/m Retronectin (Takara B O su

wegapiser oy tashiqupresaion @ndviinctonalite of Hba %@%d"gﬁfhﬂ TCR.
Peﬁ?ﬁ%&aﬁ‘n&%ﬂb 0%%% E8r ct%ﬁaz @ﬁ@f\%reg% nla)rgx\ﬁgnteers

ocytes were arves coun
undet lirfophed ednisehb byeficalingensity gealient amithfuwudnmﬂmc were

stiglaled b SOOI DeieRelkians Uik RED) PESiarn kPR ng/mi anti-
CDS”S%K‘?L@ @élO?&%ﬁEéVSaﬁ%‘lng' Cﬁ‘ﬁ’%? 4@“!‘1t Uhﬁ’gai’éot batR&l tissue

r nat’ant rom Phoeni X 0’ ce hat were not
culturenglatest wdrancoatedewitio B30r ug/mi dRetmorectinL(T2akewss Biod detsut Shiga,

Jabsimisciobh A G UREl Wikt Hes waser it HESCand placked with
PEEDY B%‘A@i\yr 3}ﬁmjﬁf L%’Bﬁacﬁb% re%m?gé e ¥ %%héapbéﬁﬁt%d and

Serum p
5xT® aneﬂmolaiedmdtamaikonewnsmated w:dISI andeme(egirwﬂ'l ther retroviral
addi Aft 3 days e, cell
suBSITAAATRE sareiia deS it ek Rrdudit C8fwaish were
mdmmdsa%gaﬂv@ cBREL, twerassliepsd eathl Sieb¥upermatant from Phoenix
i nr nunof | uor escence staini ng. CD8- PE-

celiy that were 89§ trav&@@tedvﬂltbxp#r@wéald@ctcﬂaé?ﬁn%wa@oaﬂd%i to wells to

fing %ﬁ%ﬁgﬁﬁﬁ?f# oL R6R P SRR e BERMETbatef 1) 2 i the

retrsdifad sUpdrreitarstt aiftee dvisieh |tBneI3h®gn@d|EﬁC$ve@afémacfécDW|th Aim-V
o ¥]tonreter (BD WO 2009/@3874PCT SG2009/ 000165 58
27ghy8raneABeg§rum U A0 Wank llgdallyansdusednart dneoictransduced

celld YRrHRUABARIIRIRA Y GRS Rter 3 days, the cell surface expression
of the TCR was measured in both the TCR transduced and mock transduced
cells by  immunofluorescence staining. CD8-PE-Cy7 (BD Biosciences), V8-
PE expression (Beckman Coulter) and HLA-A201-HBc18-PE pentamer
(Proimmune) staining were quantified by flow cytometry. Flow cytometry was

performed on stained cells using a FACs Canto flow cytometer (BD
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As shown in Figure 7A, expression of Vf38 was
significantly increased in HBcl1l8- 27 TCR transduced
WO 209phasy4 es conpared to nock transduced cel | SPCTBGIN9/B00165
expressed only endogenous |evels of V138. V138
expression was observed in both CD8+ and CD8- cells.
To properly bind pentaner requires the cooperative
interaction of a correctly paired, introduced al pha
and beta chain as well as t co-receptor CD8. The
CD8+ HBc18-27 TCR transduced T cells bound HBc18-
27- HLA- A201 pentaners indicating that the Va3 TCR
chain was al so expressed 10 and the introduced TCR was

.correctly ired on the cell surface of transduced
BiqSpinyiisey! aBd #RuMeropRnalvred i othe; FAGe (9iAs AtRarAGh (BD
Bigycldriesicy is confirmed in Figure 7 (C) which show the

mean frequency of V138+ T cells from5 healthy, 5

HBeAg+ chronic HBV patients gHBV DNA > 107 copi es/ nl),

As shewh inddagre thremressipvopYBBavassigaificaniy Diireaserlis HBc18-

; ' Fi 7. (D). whi h .
27 PPERORafsddged Bl boMBaiel 7o' ek, FEnETatee calls.cwhich
oS sty Dt D S Byl B
co - | |
bot("kéggm&fi&ﬁ% C@%?@spmertyd%m PRBtamaK radvises the seepethtive
IntQReddh 8f a ooy paRel PiotuBay itheP A RO Ehain an el as the
co-reeaptar ¢BI8L sTie QBGoHBC 827 TERIvansducaddT calle lbendiElle 8-
t ld be t d i HBG18 TCR wi t
27 BbA-R2bT deritanerpticalag irated Mk TER A Missraiso exprgssed

d tenftiveied \gasT ' i c
o] T o ooty b Qihél_d/lﬁahzth%%s?:"{gul{/r%%gs&%amd”ced

lympaiocyteg ARigure £4B) Type Cul ture Col | ection (Rockf ord,
MD)) were used to stimulate HBcl8-27 TCR transduced or

Th o BT S LAY e Ss USRS R i
shas@the mean frequency of VB8+ T cells from 5 healthy, 5 HBeAg+ chronic
HBV patients (HBV DNA > 107 copies/ml), and 5 HBeAg- chronic HBV patients
(HBV DNA < 10° copies/ml). Figure 7 (D) which shows the mean frequency of
HBc18-27-A201 specific pentamer+ T cells from 5 healthy, 5 HBeAg+ chronic
HBV patients (HBV DNA > 107 copies/ml), and 5 HBeAg- chronic HBV patients
(HBV DNA < 10° copies/ml) confirms that the transduced HBc18-27 TCR was
correctly paired and bound HBc18-27-HLA-A201 pentamers. These data
demonstrate that T cells from both healthy donors and chronic HBV patients
could be transduced with the HBc18 TCR with similar efficiency.

Example 6

Function of HBc18-27 TCR fransduced T cells

To confirm that the introduced HBc18-27 TCR was functional, HLA-A2 positive
T2 cells (American Type Culture Collection (Rockford, MD)) were used to
stimulate HBc¢18-27 TCR transduced or mock transduced lymphocytes. T2 cells
were cultured in RPMI 1640 supplemented with 10% heat-inactivated fetal
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bovi ne serum (FBS), 20 mM HEPES, 0.5 nmM sodi um
pyruvate, 100 Wi penicillin, 100 pg/m streptonycin,
woemvassno aci ds, d utanmax, MeM nonessential aP@T8G2009/000165
acids (Invitrogen Ltd) and 5 pg/m Pl asnoci n
(I'nvivoGen, San Diego, CA). The T2 cells were pul sed
wth 1 pg/rinl HBcl18-27 peptide for 1 5 hr and then
washed to renove excess peptide. In order to stinulate
the HBc18-27 TCR transducedghynphocytes, referred to
herein as HBcl18-27 TCR transduced T cel | s, that were
prepared according to Exanple 5, the HBcl18-27 TCR
transduced or nock transduced T cells were co-cultured

oVt Sefiy MEslcls @Wt&gpée%t i @%ﬁgﬁg@%fn%@%@ﬂ 00 U/ml

peﬁ?:@llﬁ\" t’ﬂ)O’Z Mg/ S'We%ft@h%guﬁhéiemeaﬂﬁﬁﬁﬂgaéasT utamax, MeM

transduced and nock trans wer e
nonassritiad edniso zacidsl (lavittogant iLtdCEMAPE- ug/ml (FBE)smocm (InvivoGen,

SRR TR e bR SRl EERSb77 e for

hrEﬁdllﬁ@n‘wyshédiolr@@bﬁé@kb%peﬂﬁd@?' |'s were then stained
for TNF- a- Al exa 488, |L-2-PE and IFI\I—y 15 APC (BD

sScj eng mn on ice. | s were washed and

f
e atBpate dhe BB HERY VTR iantaucedCHMRROY e, reforred to
he\%ﬂ? ﬁd@eﬁgcég%? g 0P8 FLABGG Ig%‘ﬁ&dﬁ{a‘”l‘ Wate%p B@l}%& &8cording to

va program | OSCi ences)
Exapglé 65 treg HBsh8+@7 TﬁRﬁrmerdchA or TheckwaksducadsT ecelbsiwére co-

cu rlgleoJ@?}nlpﬁg yﬁtﬁ tﬁé?wa%geﬁeggéh tegl,f)f i‘%@éépgk&éﬂ% HBc18-27
pebﬁ@é&na7n<ﬁ9¢ aﬁ'@?"@vﬁtﬂ GG/l BRTEEEA. TrH‘eeHB%1§ & TCR

not respon 2 cells in thé absence of peptid
trapsqlyeac agg, medwtmpsduceqnﬂoqeilsewereﬂm@n weished amdl stamed with

an EEFIS0SP (8 I EIAReBN A0SR Hiod Sy ggreabice

usM@CMthﬂx/cEﬁBpWﬂﬁ f (BDt iBibstichbsy) exddcramgd td) PhdnHaMtuUrer's
cells. Furthernore, the i ntroduced HBc1I8-27 TCR was

InSFruﬁBQnSOn£|cqllﬁ were dnen stained; for GiiR-ocRlexa ess et PE and IFN-y-

AeETm SKBRRN59  SORRLEDh b, CRLULPESFutl gt by
flowLsy2ometmyaisingiFAJs Garto Flomw cylnkneied(Bl lblstﬂdp&?@)” Yand data
e potentjal to

we%%gglg/éeag\ﬁ h tﬁg%g iva pmram?%D Elosmences)
2009/ 136874PCT/ S&009/ 000165 60 Figure 8 (B) shows
Thé habultdB&k8 - showrih tFigmedaaedht ARIckStrnsdlcer ?nbélls"'%\sﬂed to

patients are equall ¥ functional to transduced
prqd.lJ@marWaq:sftalyna@ fieg-d} NNBa'FNIF-tOEqukLn%)yIndheIm&sgnoemFahsence of

HERRG A7, PaPE et o SR BRESARhd b R PRt o T2

celfzoipi kh%/ aﬂ)s)eno@ndf §e[5t|dé‘3@7qgurecw\0mw 1F)|3)(1tlfr#bd@6éd§ IKNEY TNF-a
< 106 copies/ml) are sh
and IL-2 in response to HBc18-27 peptlde Ioaded T2 cells (Figure 8A, row 3)
indicating that the introduced HBc18-27 TCR was functional when expressed in
primary T cells. Furthermore, the introduced HBc18-27 TCR was functional in
CD8- cells (CD4+ cells) as well as CD8+, expanding its potential usefulness for
immunotherapy because CD4+ T cells provide additional IL-2 to maintain T cell
survival and co-stimulatory ligands such as CD40L, which has the potential to

boost B cell responses.
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results show that T cells transduced with
HBc18- 27- A201 TCR becone nultifunctional with siml ar
WO e@guaascd es of cytokine positive cells in eacPCPaGenn00165
group. Exanple 7 10 Affinity of HBcl18-27 TCR
transduced T cells Due to the possible decreased |evel
of expression of the introduced HBc18-27 TCR, it was
possi bl e that the engineered T cells nmay have a | ower
affinity for the actual virgd epitope conpared to the
original T cell clone, C183. To test this hypothesis,
HLA- A2 positive T2 cells (Anerican Type Cul ture
Col | ection, 15 Rockford, MD) were pul sed with HBcl18-27

P54 8 B L TR Sl b St v
patentBepe iedpiallp fdestiohal &eirhgsdied TealdrbH ﬁgalmg%{&@ Mean

f transdufc%&]T i_el |s from5 heal thy donors,
reaHPT @ YpdNFet@nd( iieR/ positive cetis, @esees/inifiguye 8androm 5

neBPL AT YR LABE (B IR 5 A eanising, o o

copi es

HBeAGT ahwomicadBW patiemisw4BVieRNAr ed1 0¥ coplesAaB! 4idl 8Fown. The
at

r es%ﬁ% o et RS Menosy %Céépgé?@g Hita gAY i‘%’&g become
multifesstional with éﬂ%ﬂéﬁfr@&ugﬁ%é Bﬁegﬁmggpﬁ%\&?g%@ﬂrfgaccq Batient

anong patients while Cl83 was
JrolRe HBc18- 27 epitope. The results showed that CD8+

HBc18- 27 TCR transduced 25T cells displayed an
Exathbiegr ty identical to C183 down to 1 pg/m (Figure

‘Q‘AE)__‘\. he affinity of HBcl8-27 TCR transduced CD4+ T

cells was determined in the sane assay. CD3- HBc18-27

Affigfty of HBe 18627 ECRdransthieet/dRcalts CD4+ T cel | s because
they were capable of responding to the HBcl8-27

. . 61 ; ific, d d dent
ouf T oo e R Rl oS 1527
TCR| Itovdd possiBrr that théichyineRp@pre Ifsomggﬁ%evgr?g%vger affinity for

difference in the affinity to the vir
the getual ¥ikalemitonenepraparedrtoctiiel arigimgl T cékkklonee CI8S. T test this

h L0 crRpt i ndi-ng i,ch stabiljzes T _
wBESE CHLACRE! oM T2 ol LT 1968560, Cotcton,
Roatéorde 04D} were puidese withOBERE-27 Tp&stdes a?%ﬁn%%‘rﬁ?é?fo‘?{seranging
frordt lni 6y g s& htly reduced but still highly

ron - fa/milte 1y ffg| acgprding to the protocol described in Example 6.
Peptide loaded T2 cells were co-cultured with TCR transduced T cells from 5
healthy donors, 5 HBeAg+ chronic HBV patients (HBV DNA > 10’ copies/ml),
and 5 HBeAg- chronic HBV patients (HBV DNA < 108 copies/ml) and the
original T cell clone C183 for 5 h. T cell activation was measured by
intracellular cytokine staining for IFN-y. Results are displayed at percent of
maximum IFN-y response because the frequency of HBc18-27 TCR transduced
cells varied among patients while C183 was always 100% specific for the
HBc18-27 epitope. The results showed that CD8+ HBc18-27 TCR transduced

T cells displayed an affinity identical to C183 down to 1 pg/ml (Figure 9A).

The affinity of HBc18-27 TCR transduced CD4+ T cells was determined in the
same assay. CD8- HBc18-27 specific cells were considered CD4+ T cells
because they were capable of responding to the HBc18-27 epitope in an
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Codon optim zation of HE3c18-27 TCR DNA sequence Due
to the presence of redundancy in the genetic code,
WOore®y/13G874H0 aci ds can 10 be coded for by nul tipCBESG2009/000165
codons, which are used with different frequencies and
efficiencies within organisns and can actually result
in less efficient translation of proteins. Due to
genetic variation and the reconbinati on events that
occur during T cell devel opggnt, DNA encoding for the
HBc18- 27 TCR nmay be conprised of codons that are not
optimally translated within humans. Therefore, 15
codon optim zation for both the V(38 2 and Va3 chains

e i Ty

cell& sHdwad %Hglﬂgﬁkfwg}c&fﬁﬂﬂ cORhYAred yc%gsﬁpgpalgference in the

Pi scat away, don o t| mze 3 an
affinityrfedhe n/da{/eloﬁtmid petiveen GP31 anddbDA+Tscelly hajdikely mndue to

t t t scri.bed ab
CoaF SotbceBi iRtar G Flatitdes® 18R BN Jwin T HLA-A2
mdélet@lel ethd TH®F &oreasptdpCit8abidnt TGR CPAs ?téélis ‘a‘ﬂ@a@\'e?efore
of being expressed, PBL were transduced wth

affiniky1ig stightly festuicad dutistili Biobiit sens#ive2 TCR constructs as
descri bed above. For the HBcl1l8- 27 wild type TCR

Ex"a?r{ éred to herein as HBcl1l8-W-TCR, PBL were al so
_t‘r‘a‘%'sguced with the HBcl18-WI-Vv88.2 (MP71- TCR Vf 38. 2

fromexanple 7) and 25 HBc18- WI-Va3 (MP71-TCR Va3 from
Cagloangntinization of HBeB&rA%66R PEAl®qzienteansduced PBL
wer e anal yzed for v138 expression and the ability to

nt aner, Pr o ord .
DU {1 bRty By RENCE R e bR 84e RJE, it Aino acids can
betcoategidfoe biyanulti ctbdcmsslvmmat@aéed hgthf difaran fedqilencies and
V138+ WD 2009 136874PCT/SG2009/00016
efficiencies within organisms and can actually result in less efficient translation
of proteins. Due to genetic variation and the recombination events that occur
during T cell development, DNA encoding for the HBc¢18-27 TCR may be
comprised of codons that are not optimally translated within humans. Therefore,
codon optimization for both the VB8.2 and Va3 chains of the HBc18-TCR was
done to result in a more efficient expression of HBc18-27 TCR and increased

sensitivity and function (Service by Genscript, Piscataway, NJ).

Codon optimized Va3 and VB8.2 were cloned individually into MP71 vector
using 5'Not-1 and 3'BsrG1 restriction enzyme sites as described above. In order
to confirm that the codon optimized TCR, referred to herein as HBc18-Opt-TCR,
was still capable of being expressed, PBL were transduced with the HBc18-Opt-
Va3 and HBc18-Opt-VB38.2 TCR constructs as described above. For the HBc18-
27 wild type TCR, referred to herein as HBc18-WT-TCR, PBL were also
transduced with the HBc18-WT-V8.2 (MP71-TCR V8.2 from example 7) and
HBc18-WT-Va3 (MP71-TCR Va3 from example 7) for comparison. HBc18-27
transduced PBL were analyzed for VB8 expression and the ability to bind
HBc18-HLA-A201 pentamers (Proimmune, Oxford, United Kingdom) by flow
cytometry 3 days after transduction. Results showed that the frequency of VB8+
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62 T cells was simlar between PBL transduced with
HBc18- Opt - TCR (21.5% conpared to HBc18-W-TCR (21. 1%
W@ e@ngshisced cells (Figures 10A) The anount of RAB8G2009/000165

expressed in the HBcl8-Opt-TCR transduced | ynphocytes
and HBc18-W-TCR transduced | ynphocytes was neasured
by nean 5 fluorescence intensity (M) using the FACs
Di va software (BD Biosciences) (Figure 10B). |sotype
val ues were subtracted to dggerm ne specific MFl. The
results showed that the anmpbunt of V138 expressed was
al nost identical in both the HBc18-Opt-TCR transduced
| ynphocytes and HBc18- WI- TCR transduced | ynphocyt es

R O TR AR R
coinpapdtbty HBe 1 84W THRCR G2 YW 97 _ Pﬁg@!&éa%ﬁg FQ#DQEEP&OWA?S

were |labelled with anti - -Cy7 (BD Pharm ngen, San
Di , d HBc18- HLA- A201 t Pr oi ,
Th%ﬁ%‘?‘é‘?tccﬁ)nﬁg &XRT‘%C?QGGM .therﬁla_BCﬂ%?@@taﬁ? %gagsé&%ggphocwes
. | )
and Y HEORWMES TOR etrgﬁécﬂd@?gi@?}ﬁgﬁgﬁgr Suds® n&%&séﬁeﬁa\cgy mean

activated cell sorting ysi s usl
fluargreenda dvieosityo (i &r ugiBp theoBACerDiva, scFandliee(®D Bibkciences)

T e D T ——
restits bBotllett thaP thed BRTcUME bf KBS dipr8s&&l i &?@‘8&%%&’0?%‘ both

her in cells transduced with HBcl

hi
theﬁégﬁé&ﬁpﬂwm@sﬂt@eddymphgoggeanmglacnatWﬂhﬁcmatsansduced
m??@' ‘ xpressed nore efficiently fromthe
ly 0 lggt op fgﬁlﬂgggsﬁbnstruct conpared to the wild type
sequence. Because V138 staining was equivalent in
To Fietenménd Ghe iabilite 4s dihd eiBEdeHLALAZD Npehtarhérsetie HBc18-Opt-

[ f the Va3 ch
TORlrBb§dura St GooRebianco HaRser W SCFs draraused Aymphocytes

Nl Y | : . o tha
oA SO P2 R ETR e B3 o) and
HB¢18rhi #4801 T pebtanserswéP taisinahd, u@xforan aUinttgd oKiridt®dm). The

- : TCR. to the HBc18- WI-, TCR.
ver BibleSh bt TERET b ablod T tiatea o Frpscence
actioetddascateserting! (FNCE \esh M98 isiHY a WASs IdfitéFodP e tbder (BD
. T2 cells in_the presence WO
Bioggigngas; 68anPenos@Ah Frobenalyzed usingbEAGse Diva HBfEIa7(BD

ot W o S L1 o TG o
pentarhet pesitive bbllam@a’s-tﬁl@&ol(?ﬁ%ﬁel( ﬁk[)ble%ﬂ?gfdéﬁ'usﬁgi@lﬁéd wiH'HBc18-Opt-
TCRRYERH e BN i HeRdFiind 105 opidasating teat e Vs chain may
o S90S 8 JRERIBRELPLGEShia otk A ompared o

the iwild typei saquendeT BetduseFMBS staimihes asneqwigalanaliny FeslirBy10A
The hat there was

increadt PERRIRE Pinding e 1ESYeidaRart brlen enpiession kuthe Vo3
chaipo® tindreade GBiPrEsditr BT RSN bé‘iréiﬁ%%%%g%@{}}gﬁéae cell

conpared to T cells transducéd wt
surfaeg.gure 11). Mock transduced cells were 10 negative in

t he presence of absence of HBc18-27 peptide.
e : ' j [_positive cells .
Fol g el P e B B A Ciked Bibnertiefeatoe in the
transducezs Paellst weptepteddenttiaiisity b tieHBC1BXOPRTERR compared to
the HBc18-WT-TCR. HBc18-Opt-TCR and HBc18-WT-TCR or mock transduced
T cells were stimulated overnight with HLA-A2 positive T2 cells in the presence
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HBc18-27 TCR transduced T cells kill HCC cell lines
whi ch endogenously 15 express HBV proteins or are

WO owdashs t h t he HBV 18-27 peptide. HBcl1l8-27 TEBRI/SG2009/000165
transduced T cells fromeach patient group (healthy,
HBeAg(-), HBeAg(+)) were co-cultured with Di OC | abel ed
Hep&2 cells expressing the entire HBV genone
(HBV- Hep&X2) or the parental control cell line
(CGrl-Hep&) at Effector: Tagget ratio of 1:1 for 6 h
in the presence of Propidiurn lodide (Pl). 20 Dying
target cells were DI OC+/ P1+. T cells were excluded
fromthe analysis by staining with anti-CDlla- APC (BD

B [ t t ati f _
or YRRt HBIfrt T8 AR o M Kiridle Acpacoraieg to the
protobol désdabedcial Exardlees T Refls Werd rthéﬁqe%éu&iawgﬁ %&1‘-@6@ PE-
staining after stinulation with peptide pulse
Cyde(BB. Praamingsi, tSamPDiesowmeAn ardglixed hd permeablizéthtusing

7 : d T Ls. I .heal onars
YIRRAIGEP abtPidd aR: HREr Ry s el BB R iRRaRfces)
Cells degrerthes Isyainae mdihsariBNE Ny REC (BD BidissichdegeRi S0t Mat on ice

chl% ‘]':ﬁ transduced T cells could recogni ze tunor
andd; cell FNssaductianwas gralyzedh By flew eyiomesve anti gen.
WD 2009/ 136874PCT/ SG2009/ 000165 64 To deternmine if TCR

Thbﬁ@@ﬁﬁlé_l§ﬁ6wﬁh§?¥ﬂel?gg/g?§eﬂe%ﬂ&b 1! foﬁ&"ilfﬂé’%ﬁﬁ@é‘mﬁg%uency of

cell lines, Di0OC cel'l T1nes
IFNtyt posiiie T resis Arosduseilsdih, theNtB SHEB OpiTC R inbaipeedd fto dncells

oo S 3065 BT, LB A Rl e Er
nepative fiBahéBprdsehde TIRabsanse W edBE18907 peptlid&l rRet&bre, the

. to target ratio of 1:1 for 6 h in the presence of
INCER35S IR RpRtamer gesitive rellpporglatest with andnereagerie functional cells

abl@itg%é;?&n”d toh é@iﬂf'%@%ﬁﬁﬁ%@dw fromthe analysis by

staining wt (BD Bioscience). Results
are representative of 3 experinents. Effector T cells

Exagmpte 8onsi dered to be | FN-y+/ CD8+ cel |l s determnined by
intracel lular cytokine 10 staining after stinulation

VP gD ol KA AU ek sy

ox@reLb $1EY pratdlrd dreu ibdodiiith BEHHEV 827 Siee!
lines. anpl e 10 Cl oning Hepatiti's B virus

specific T cell specific for HBV envel ope 370-79 15
HB@EST%BGR(%%WJ cefisfropheach patientdgroymihesiiinysHBeAg(-),
i . ' th .
ML) 5 LASLALASD S1 BICILEAP S48 b fgping i
entﬁ‘av\l'éle%;l\zpmglfmesﬂgB}a’gHepﬁe) ot t‘HEBB:?I@ngEg Ld&ﬁi'glbil gell lin?t(Cltrl-)HepGZ)
. i ;. Prinm , ano, lta
at 'gffﬁé%ﬁia@%ra 'ﬁa@éﬂrﬁ% a%m mgm%%@%@é,Pmpmd@fyhdg, (P1).
. | o - N
DY ARAERSEe e RO AEFA T Bel bt Spfhudbaidl negaplys by
staining witheandi-€bi il arAFAC (BDnBiokEinge  aResulés agsmpresentative of 3

oGRS Y kL a8 e SN BB cens
detelninéd- B9- inteeilllaf dyt6iahé SstaRiirgy téf?égeg{irﬁnﬁfé}gj‘f b’@%‘t JeBtide

limting 25 dilution assay as descri

pulsechlgceglis. i The kesuits agyshowopipr Fighire (1) (A) show that HBc18-27
TCR transduced T cells from healthy donors or chronic HBV patients can kill

HCC cell lines which endogenously express HBV proteins. This suggests that
HBc18 TCR transduced T cells could recognize tumor cells from patients

expressing the HBV core antigen.
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2007 by John Wley and Sons, Inc., and expanded in
AlmYV 2% AB serum (Il nvitrogen, Carlsbad, CA, 20 (Jim
WO 2609/1368%4 ng/ M IL-7, and 10 ng/m [L-15 65 (R&DSG2009/000165

systens, M nneapolis, MN) with 1.5 pg/m

phyt ohemaggl utinin (Si gma-Aldrich, Dorset, United
Ki ngdonm) using allogeneic irradiated PBL as feeder
cells. Cells were plated at 1 cell/well on 96 well
plates and wells positive fgg T cell gromh were
tested for HBs370-79 reactivity by intracellul ar
cytokine 5 staining for IFNy according to the
protocol provided in Gehring et al. incorporated

o BBl R T S S BBl AP REL-AB SiEc con
IlndaiBsBIUD7|9bé|9&CH-ICOCCGWIlﬁé@élo-/léﬁézgg/rbtem@bgé]ﬁe%ﬁ)rﬁr/W@C SNU-

2 ghmal ntai ned in
38hg B@Wergrfdatweﬁgfmm the @e@m&elllmeml@mere loaded with

e nogRhafis LB g ollis o Bl e ey -t

27%TCRB§®ﬂ§dl}’(93cBﬂ'eceMs @tTEﬁédtonar?da@%;ﬂ r'gtl@ediﬂ 3:B%6r 6 h in the
ecogni varil an e | des

preseRes rnropidimdpariel &) 1i3ing daidbt Belis mere RIS WP T oslls
werer exdadéd eﬁ'or?lUtthéV' éhilgﬁggﬁ 1%9.3]%@0' fC anthCD11a-APC (BD

transduced T one or
Biospigzze). 7883@&5 ar@n@mpsemtaﬂ‘ve of Bsexpesiomgnts ZEffeie8 T0zelR were

EECNE T e
staininy after titnuridnwvith pﬁbﬂdé BuledBs TEls. ? QBE%\L% as shown in

ced T cells for 5 and st ai ned

transd
F 'QHFeegé #@&W%ﬁ@nHBﬁﬁ%%ﬁCi%ﬂpOﬁ@@cad)Tnoelhaalaraable to kill

ipid ngof each line. The results as shown
muglfl) ﬂLA ﬂz m%gﬁﬁg\%gthat HBs370-79 specific TCR is

funct| onal but that HBs370 TCR transduced T cells were

ExampleriGffinity than the original T cell clone E10-1D.
25 Experinments simlar to that described in Exanple 3

SQ.. ri.ed out 370- ecific TCR
Cloffef (plS 3 uffa, SBoells 5 AT Sorcifc J2E BNy emvelope s370-79
eptiteeo (HBz87@FPPt ypi ¢ variants of the HBs370-79 epitope

(The sequences of 66 the genotypic variants are
ided in Table 2). HBs370-79 TCR transduced T cells

Vv
Pe &Wé%%toedl'vmpbecwesr(ﬂ&m vigre ipplated |and peahettediadeotding to
P h ctivatio
epAERoRSPELSRE 15350 HRBAN g0 Ao BN ShSBbe Bro-o
epitbpél g/HBséﬁﬁtwoepeﬁtldeD SB(BRRIFLS ; SBEQ @anNO?aBG Finm SRL,
Mllano lﬂa‘iyc) &us 20 U/ml interleukin-2- (R&D systems, Minneapolis, MN) and
plated in a 24-well plate at 4 x 10° cells/well for 10 days.

The HBs370-79-specific CD8+ T cells were enriched using IFN-y capture assay
according to manufacturer's instructions. (Miltenyi Biotech, Surrey, United

Kingdom).

The IFN-y+ HBs370-79- specific T cells were then cloned using the limiting
dilution assay as described in “Current Protocols in Immunology” Copyright ©
2007 by John Wiley and Sons, Inc., and expanded in Aim-V 2% AB serum
(Invitrogen, Carlsbad, CA), 20 U/ml IL-2, 10 ng/ml IL-7, and 10 ng/ml IL-15
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5 shown in Figure 14 (B) show that HBs370-79 specific

TCR recogni zes genotypic variants of the HBs370-79
wepiwops74 Ref erences: Engels, B., H Cam et BECT/SG2009/000165

(2003). "Retroviral vectors for high-level transgene

expression in T | ynphocytes.” Hum Gene Ther 14(12):

1155-68. 10 Gehring A J etal. (2007). The Level of

Viral Antigen Presented by Hepatocytes |Influences CD8

T-Cell Function. J \ﬁrol.;'vé (6): 2940-2949. Karlin S

and Altschul S. F, (1990). hods for assessing the

statistical significance of nolecular sequence

features by usi ng general scoring schenes. Proc Natl

ad Sci ; 87(6 2264-2268. 15 Mi ni,
(Réi} SYriems, 'ﬁmeﬁ%@( Rﬂfﬁ%é""&h fle tahml mﬁmf@@ggiw'mﬂe(slgma-
n t c

Aldir'%ﬂic gl?s)gz € |teF1f KM atéyﬁ{;salloggaﬂxl el ?%g‘erﬁ%rl‘_ gs feeder
cellaeCalreivere \Nates -avaH-pell/well @nud@welll platesgand wedlsgpaitivey for T

TR
stdififignebr MLy 2acdotdingStd aihe pletodol &bv%dlleeNﬁth%t al.

and reconbi nant human hepatocyte growth factors are
inqerpeNaje biesein it seferance. ofl clopeat referredito herdin asnm0-1D

W PG ARERAPELSERY. 7 St bl ¢ vepco. and Hun?- bhsed

human 25hepatonma cell lines for efficient regul ated
E16xpD elslBis870-41 $pHcifitt ¢ydoioxieePatil tloneBvas grswri addhagiataihed in

/
ApL 7% B3 AL dld oRGIISNG, b 1886/t~ HEVRED
Sy%nﬁé)%lh ash, Uﬁl’t&i@ﬂﬁj&%@ Tn 689, EOF FRRAGIfiBA%hcHator at 37°

fragment ther'eof

Example 11

Affinity and Function of HBs370-79 specific TCR transduced T cells and

Recognition of genotype variant peptides

Experiments similar to that described in Example 6 were carried out with
HBs370-79 specific TCR transduced T cells. The E10-1D T cell clone or
HBs370-79 TCR transduced T cells, recognize HBs370-79 epitiope loaded
HLA-A2+ T2 cells. T2 cells were loaded with increasing concentrations of
HBs370-79 peptide and co-cultured with E10-1D or HBs370-79 TCR
transduced T cells for 5 h and stained for IFN-y. Data presented as percent
maximum response to normalize differing frequency of each line. The results as
shown in Figure 14 (A) show that HBs370-79 specific TCR is functional but that
HBs370 TCR transduced T cells were lower affinity than the original T cell clone
E10-1D.

Experiments similar to that described in Example 3 were also carried out with
HBs370-79 specific TCR transduced T cells. HBs370-79 TCR transduced T

cells recognize genotypic variants of the HBs370-79 epitope (The sequences of
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5 2. The cell according to claim1l, wherein the HBV
epitope is HLA-A2 restricted. 3. The cell according to
waeooss7of the precedi ng cl ai ms, wherein the PMBNVSG2009/000165

epi tope conprises at |east one hepatitis B core
antigen, at |east one hepatitis envel ope antigen
and/or a nmutant thereof. 10 4. The cell according to
any one of the preceding clains, wherein the HBV

epi tope conprises HBc18-27,56HBs370-79 and/or a nutant
thereof. 5. The cell according to claim4, wherein the
HBc18- 27 epitope conprises SEQ 15 I D NO 25 and/ or SEQ
ID NO 26 and the HBs370-79 epitope conprises any one

of s uence, el ect ed ] jSL f
thejgsnaBPiegargnigt cgprorinscul) Table 2y HBsE 205 e Rondhedticda T
celI%h\ﬁeRJ %leltﬂgec? WHRTBILALAD + e céHE'Ridd"e‘dn@ltﬁH %@;/ﬂnﬁ@&btlde of

one second HBV epitope-reactive exogenous W

eaﬁ\g/ep@wpeafnaﬁ brarid agtmﬂont was @seessek by GDﬂ ﬂzaééb@lﬂw and
sl PR St o o Mg ndRbpE e pBauns as

showrii iiB Figérer ein (Bmesr?cﬁ/exm@e nHBsSWO-G'@I |spee|¢|epfl‘0)R recognizes
conpri ses at |east one a-chain conprising: (a) at

genaiwe varantseRfulbadBsHAE? eRiteR®m t he group consi sting
of SEQID NO 9, SEQ ID NG 10 and SEQ I D NO 11 and/ or

ﬂe_‘%%@‘ﬁé t hereof; and/or WO

6874PCT/ S&009/ 000165 68 (b) at | east one
sequence sel ected fromthe group consisting of SEQ ID

Engéts 48., HSEampeind, e@(b'ﬁd"@&(gwr@l Yeotae fan blgdsrlewaktam%;ene

t £ 1 SpnaiG di
oRPSUEaing terameyesn il G L8130 el
GenegALOB 8P mme&:heu_ek/gla@ftvm Artigeh FroscmmmitsHopabbstes

|nf|lsjeer?clzjes CD8 T-Cell Function. J Virol.; 81(6): 2940-2949.
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(a) SEQ 1D NG9, SEQ ID NGO 10 and SEQ I D NG 11, or

mut ants thereof; and/or 10(b) SEQ ID NO 44, SEQ ID
woods3@nd SEQ | D NO 46, or mutants thereof. 9PCTHE2009/000165

cell according to any one of the preceding clainmns,

wherein the exogenous T cell receptor conprises at

| east one 13-chain conprising at 15|l east one sequence

selected fromthe group consisting of: (a) SEQ ID

NO 21, SEQ ID NGO 22 and SEQG# D NO 23 and/or nutants

thereof; and/or (b) SEQ ID NO 52, SEQ ID NGO 53 and SEQ

I D NG 54 and/or mutants thereof. 20 10. The cell .

according to any one of the preceding clains, wherein
cldilg exogenous T cell receptor conprises at |east one

=chai n conprising the sequences: (a) SEQ ID NG 21,
SEQ I D NO 22 and SEQ I D NO 23 or 25nmutants thereof;

1. shmdlismiatet)ceBEQnhBrdiGY 22 ledRE@NEDHBO: Spitehtdrealeive R¥FeRbus T

Oc:rell receptor and/ or fragment thereof.
2. The cell according to claim 1, wherein the HBV epitope is HLA-A2 restricted.

3. The cell according to any one of the preceding claims, wherein the HBV
epitope comprises at least one hepatitis B core antigen, at least one
hepatitis envelope antigen and/or a mutant thereof.

4. The cell according to any one of the preceding claims, wherein the HBV
epitope comprises HBc18-27, HBs370-79 and/or a mutant thereof.

5. The cell according to claim 4, wherein the HBc18-27 epitope comprises SEQ
ID NO:25 and/or SEQ ID NO:26 and the HBs370-79 epitope comprises any
one of sequences selected from the group consisting of SEQ ID NO: 56 to
58.

6. The cell according to any one of the preceding claims, further comprising at
least one second HBV epitope-reactive exogenous T cell receptor and/ or
fragment thereof, wherein the second HBV epitope is different from the first
HBYV epitope.

7. The cell according to any one of the preceding claims, wherein the
exogenous T cell receptor comprises at least one a-chain comprising:
(a) at least one sequence selected from the group consisting of
SEQ ID NO:9, SEQ ID NO:10 and SEQ ID NO:11 and/or
mutants thereof; and/or
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nmutants thereof. 69 (a) at |east one a-chain having
at least 80% amno acid identity to SEQID NO 12 or a

w0 e@gireisr4 t hereof and/ or at | east one 13- chaP@I/b@ui09g00165

at | east 80% anmino acid identity to SEQ ID NO 24 or a
fragnent thereof; and/or 5(b) at |east one a-chain
having at | east 80% am no acid identity to SEQ I D NO

47 or a fragnent thereof and/ or at |east one 13-

chain having at |east 80% ggino acid identity to SEQ

ID NO 55 or a fragnent thereof. 10 12. The cell

according to any one of the preceding clains, wherein

t he exogenous T cell receptor conprises: (a) at | east

one a-chain of SEQ ID NO 12 and/, qr.at ] eas n . gt

£3° chdbh it 18ees PP 19gbiencs aprgted fréih E"Sloippsistipg of
| east one heh NOf /. d SEQtID eeG146086ad/or
1315chai n %QSEBQW%AN%%Q%%?;%% acccgr ding to

any one ofmutemtptherenfi ng cl ai ns, wherein the cell is

at | east one hematopoietic stemcell. 2014. The cell
according to any one of the preceding clains, wherein

.t eeli! aksording @@SéTPrtﬁméDG‘cffi prierprecBtingd claimshoehierein the

(PBL) -derived T cell. 15.An isaql at eda‘gol Xnucl eoti de h
exnpencung aell reeantonh rempaga® i dea%icBae fyChRIN eEprigRg the
a-chain and/or at |east one sequence encodi ng at | east
gﬁguélége%Schai n wherein, the a-chain and 13-chain are

of at (a@asSEQNID NBYOeBE® pB-NOer ahd SEQAPeNEUS 1;Toe sutants
receptor. 16. The i sol ated pol ynucl eotide according to
clai m 15, Heeeddi 8and/Ae sequence” encoding the a-chain
conpriges -QRespefie NeR45 lrRrSEQ I ND:3BQ080hRants
NO 1 a@ S%%q %’aﬂgg ateﬁeast one sequence sel ected
from SEQ |tbereof.

9. The cell according to any one of the preceding claims, wherein the

exogenous T cell receptor comprises at least one p-chain comprising at
least one sequence selected from the group consisting of:
(@) SEQ ID NO:21, SEQ ID NO:22 and SEQ ID NO:23 and/or
mutants thereof; and/or
(b) SEQ ID NO:52, SEQ ID NO:53 and SEQ ID NO:54 and/or

mutants thereof.

10.The cell according to any one of the preceding claims, wherein the

exogenous T cell receptor comprises at least one B-chain comprising the

sequences:
(a) SEQ ID NO:21, SEQ ID NO:22 and SEQ ID NO:23 or

mutants thereof; and/or
(b) SEQ ID NO:52, SEQ ID NO:53 and SEQ ID NO:54 or

mutants thereof.

11.The cell according to any one of the preceding claims, wherein the

exogenous T cell receptor comprises:



70 NO 2 and SEQ ID NO 6 and at | east one sequence
selected fromSEQ ID NO 3 and SEQ ID NO 7 and/or the
WG 2waasse4 encodi ng the 13-chain conprises at |REFSGEAL000165

sequence selected from SEQ I D NO 13 and SEQ I D NG 17,
at | east one sequence selected from SEQ I D NO 14 and
SEQ ID 5NO 18 and at | east one sequence selected from
SEQ ID NO 15 and SEQ I D NG 19. 17. The i sol ated
pol ynucl eotide according toggither one of claims 15 or
16, wherein the sequence encodi ng the a-chain
conprises SEQ ID NO 5, SEQ 10ID NO 6 and SEQ I D NO 7
and/ or the sequence encodi ng the 13-chain conprises
SEQ ID NGO 17, SEQ I D NO 18 and SEQ I D NO 19. 18. The
i sol at & pat Jarst 086t G-ebalachaing A§ fast 40 @raingraciy ideniity to
15 to 17, n
epi tope-reacti 32 Pél%ggngﬁéh@é%}g%t Eibgggf%{pd/ gr ﬁgsleaastt one [-
| east 80% shaindmodng demalst 90?/@&3&@ h&dNﬁbﬁtltgrtoﬁDIID NO:24
NO 8 and the éS cha| BV epi tope-reactive
exogenous 9'@ fa}grpe&t @r@p | east 80% sequence

5 i dentit tgt Rt 'oﬁe“@cﬂ@inoﬁavﬁg?a{ 2 P80, a}r%no-@l‘?ﬁi identity to
i sol at ed pol ynucl eoti de according to any one of
15 to 18, ¢PrN@o 47her adtagment theredi agdt heameamone B-

and SE0 | oo re g MikGEE AP a0 R dinhic 8% eaigo S0 1B Norss

13- chai n i er adtepiat theeof.t he group consisting of SEQ
ID NO 16 and SEQ I D NO 20. 20. The isol ated

pol ynucl eoti de according to claim 15, wherein the

10 12%8(’:‘5?!;@%5?@%\%9@2%5 QSQE f‘%h%oﬁf’%ﬁry §{r:r%é| Rherein the
smpgenoasé‘rm&lbhengptdnezoﬂrﬁ)rsba: n conprises SEQ I D NO 48,
SEQ | D( ’3'0 49leasp %ngEa-cLaqu gI(:ZQ ID NO:12 and/ or at least one B-
chain of SEQ ID NO:24; and/or
(b) at least one a-chain of SEQ ID NO:47 and/ or at least one -
15 chain of SEQ ID NO:55.

13.The cell according to any one of the preceding claims, wherein the cell is at

least one hematopoietic stem cell.

20 14.The cell according to any one of the preceding claims, wherein the cell is at
least one Peripheral Blood Lymphocytes (PBL) -derived T cell.

15.An isolated polynucleotide comprising at least one sequence encoding at
least one a-chain and/or at least one sequence encoding at least one B-
25 chain wherein, the a-chain and B-chain are of at least one HBV epitope-

reactive exogenous T cell receptor.

16.The isolated polynucleotide according to claim 15, wherein the sequence
encoding the a-chain comprises at least one sequence selected from SEQ
30 ID NO:1 and SEQ ID NO:5, at least one sequence selected from SEQ ID
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WD 2009/ 136874PCT/ SG2009/ 000165 71 has at | east 80%
sequence identity to SEQ ID NO 43 and the p-chain of
w0 b@HB87£pi t ope-reacti ve exogenous T cell reckPE/S6G2008800165
at | east 80% sequence identity to SEQ ID NO 51. 5 22.
The isol ated pol ynucl eotide according to any one of
clains 15, 20 and 21, wherein the sequence encodi ng
the a-chain conprises SEQ ID NO 43, and/or the
sequence encodi ng the 13-chain conprises SEQ I D NO 51.
23. An isol ated pol ypepti de encoded by at |east one
pol ynucl eoti de according to 10any one of clains 15 to
22 24. An isol ated pol ypeptide conprising: (a) at
| east one ami no acid sequence selected fromthe groug
EQ ID

cOIRE2 AnAngESY 59 18panbad leastonepsequienseasriesied fram

1
(83, 19, 9P 05, oL i0r LA il rona
NDIRPriSSER: least\lmmé%equdnéi@elleatdﬁ(}r@r& SBEQIIDNO:(B)arat SEQ ID

| ' i d t h

HEI 1035t SBeadyeRetsioaes Toreresia NoSEANS SEa 1D

NQA t i

s Euﬁﬁéﬁgsﬁ“ﬁsﬁ?ﬁ%ﬁ@m ‘EE%S?S?J%” HORLSET 9 N 8anq §EQ ID
$9. SEQ ID NGO 53 and SEQ I D NG 54. 25. The isol ated

pol ypepti de according to claim 24 wherein: 25(a) the
am no acid sequence has at |east 80% ani no acid

17. Tleatisétddo pSRULiRotiE: 12condingh® Bithéheheadt Riids! 45 or 16,
sequence has at | east 80% amno acid identity to SEQ

\m@@me shaverice encoding ghe prehaimicagpiises SeQUENN®:5, SEQ
0 7 .
an 7 I\?(Eﬁl ?ﬂﬁt ERYBINGR7 AGh fof FRLLLd eBEe Er%&d?n%ése%ham

urt er am no ‘aci d seq uence as eas
acomprises SEQAENNIC: §7 tSEQHD NO: 1%5(5 SEQ ID NO:19.

18.The isolated polynucleotide according to any one of claims 15 to 17,
wherein, the a-chain of the HBV epitope-reactive exogenous T cell receptor
has at least 80% sequence identity to SEQ ID NO:4 or SEQ ID NO:8 and the
B-chain of the HBV epitope-reactive exogenous T cell receptor has at least
80% sequence identity to SEQ ID NO:16 or SEQ ID NO:20.

19.The isolated polynucleotide according to any one of claims 15 to 18, wherein
the sequence encoding the a-chain is selected from the group consisting of
SEQ ID NO:4 and SEQ ID NO:8, and/or the sequence encoding the B-chain
is selected from the group consisting of SEQ ID NO:16 and SEQ ID NO:20.

20.The isolated polynucleotide according to claim 15, wherein the sequence
encoding the a-chain comprises SEQ ID NO:40, SEQ ID NO:41 and SEQ ID
NO:42 and/or the sequence encoding the B~chain comprises SEQ ID NO:48,
SEQ ID NO:49, and SEQ ID NO:50.

21.The isolated polynucleotide according to either one of claims 15 or 20,
wherein, the a-chain of the HBV epitope-reactive exogenous T cell receptor
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WO 2009/ 136874PCT/ SG009/ 000165 72 26. The pol ypeptide
according to any one of clains 23 to 25, wherein the

Weologpsisr4 de is at | east one HBV epitope-react PUESG2009/000165

exogenous T cell receptor. 5 27. The pol ypeptide
according to claim 26, wherein the HBV epitope is
HBc18- 27, HBs370-79, and/or a nutant thereof. 28. The
pol ypepti de according to any one of one of clainms 23
to 27, wherein the polypeptige is at |east one soluble
TCR or a fragnent thereof. 10 29. The pol ypeptide
according to claim28, wherein the soluble TCR or a
fragnent thereof is linked to at | east oge anti-vira

rug, 0. A construct .c i.sing the )
DA% atlpst 8P deseisiea ety (G US NB:4d anine &-chain of the

i o

T o e B e oo eCerat Bt & st goaf egflonce
delentity ta SERUBINGG1de according to any one of clains

15 to 22. 20 32. AT cell conprising the vector of
claim31l. 33. A nethod of preparing at least one T

22CFié isutatpdi SdlpgudkotideastcamgHBVaRPbheRS- ISR H8E20 and 21,

enous T cell receptor for delivery to at |east one

S’E’gﬁg@e’t thengaqusngg encasiem dhaga-ghaine sommsises TSES IID NO:43,

PR 8 <R SokbihGihe St iiid BBpsER R 5 G'sr.

23.An isolated polypeptide encoded by at least one polynucleotide according to

any one of claims 15 to 22.

24. An isolated polypeptide comprising:

(a) at least one amino acid sequence selected from the group
consisting of SEQ ID NO:9, SEQ ID NO:10 and SEQ ID NO:11
and/or at least one further amino acid sequence selected from the
group consisting of SEQ ID NO:21, SEQ ID NO:22 and SEQ ID
NO:23; and/or

(b) at least one amino acid sequence selected from the group
consisting of SEQ ID NO:44, SEQ ID NO:45 and SEQ ID NO:46
and/or at least one further amino acid sequence selected from the
group consisting of SEQ ID NO:52, SEQ ID NO:53 and SEQ ID
NO:54.

235. The isolated polypeptide according to claim 24 wherein:

(a) the amino acid sequence has at least 80% amino acid identity to
SEQ ID NO:12 and the further amino acid sequence has at least
80% amino acid identity to SEQ ID NO:24; and/or

(b) the amino acid sequence has at least 80% amino acid identity to
SEQ ID NO:47 and the further amino acid sequence has at least
80% amino acid identity to SEQ ID NO:55.
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(a) isolating at | east one HBV-epitope reactive T cel
fromat | east one HBV-exposed individual that resol ved
WOHBMINsMBRLt | on; (b) cloning at |east onBCT/SG2009/000165

pol ynucl eoti de sequence encodi ng at | east one 5a-

and/ or 13-chain of at least one T cell receptor from
the HBV-epitope reactive T cell of step (a); (c)
delivering the polynucl eoti de sequence of step (b) to
at |least one cell; and 10 .éf) i ncubating the cel

under conditions suitable f expression of the HBV
epi tope-reactive exogenous T cell receptor by the
cell. 35. A nmethod according to cl ai m 34,
wherein the T cell isolated in step (a) is 15 HBc18-27
epi tope reactive and/ or HBs370-79 epitope reactive.

2633her pifheatid, Yhbriv do i C8F PhoMifecaeitel ZanitBien the

polyBSpitidd made@ﬁnﬂia)ldkﬂ eﬂl’@lpeqeactlmemgeﬁﬂ)déﬁ céll reddpior.
of treating HBV and/or inhibiting reactivation of HBV

in at | east one subject conprising admnistering to

7t?f§ R}p‘aeﬁldétaclcsrg&?ﬁ%gcf‘ﬁlalm RPGIA HB% %%ito&e is HBc18-

tlve amount s accérding to any o
27 cHBsBEB0-79t andr andulzt therebeast one vector accordi ng
to claim 31 and/or at |east one pol ypeptide accordi ng
to any one of clainms 23 to 29. 25 38. A nethod of

28ITI€@§)b%ebWe BebGYORT 1R 65€ bf Bha of Sfiks TR 27‘ herein the
| east one subj ect conprising admnistering to the

polypeplids iszat Ie@@ﬂnaﬁmublﬁrﬁ%m@rfmuent@er@ofef fective
anmount of cells according to any one of clains 1 to 14
and 32, at |east one vector according to claim31

29 aﬁﬁéopo@bebﬁ@@tacﬂbmlﬁ@ tbobmpﬁp% devheesiar thengolubl@MCR or a
one of clainms 23 to 39. An in vitro nethod for
fra@i‘“ﬁ@h@‘@rﬂ?f 'ﬁt““k%%iq aB'ﬁéSEQFEﬁ- apt-virab@ruds abl e to
resolve HBV infection, the nethod conprising: (a)
providing at |east one sanple fromat |east one
30.sAulbpastructccomprising the polynucleotide according to any one of claims 15

to 22 operably connected to at least one promoter.

31. A retroviral vector comprising the construct of claim 30 or the polynucleotide

according to any one of claims 15 to 22.
32. AT cell comprising the vector of claim 31.

33. A method of preparing at least one T cell comprising at least one HBV
epitope-reactive exogenous T cell receptor for delivery to at least one subject
comprising transducing at least one T cell isolated from the subject with the

construct of claim 30 or the vector according to claim 31.

34. A method of preparing at least one HBV epitope-reactive exogenous T cell

receptor comprising:
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(b) detecting the presence of at |east one

pol ynucl eoti de conprising, substantially consisting of
wW@er000assr6t i ng of at | east one nucleic acid septEHGH09/000165

selected fromSEQ ID NO 4, SEQID NO 8, SEQ ID NG

16, SEQID NO 20, SEQID NO 43, SEQID NO 51, a

honol ogue and/or a 10fragnent thereof; and/or (c)

detecting the presence of at |east one pol ypeptide

conprising, substantially c%$sisting of or consisting

of the am no acid sequence SEQ ID NO 12, SEQID

NO 24, SEQID NO 47, SEQ ID NGO 55, a honol ogue

and/or a fragment thereof; 15 wherein the presence of

t he pol ynucl eoti de and/ or the polypeptide is

i ndi (Rtisoleting at heast ijectBVbepitapeatsastive Tr el ifpen | deast one

HBV | ctiaon., 4Q., . ' ' di agnosi ng

at Igg@?e&%sré&'éﬁQ&&&Z@X@%ﬂgem%%ﬁ%‘ "at risk of

havi ng HBV i nfections and/or HBV rel at ed

hepat ocel | ul ar carci noma, the pethod conpri si n_g: 2(?(ag

pr oviR)iGening atdeast AeePlyiptiaotige feareneagnceRg at least one
subj GPEPd/op.)&gﬁéiﬁcdf' A9ebdeoms §5 Ffeé%fpt(ﬁi frofPite ﬂB‘?/—eQitope
pol ynucl eoti'de conprising, substantially consisting o

or croeexitise iTheplbdf siep (@ast one nucl ei ¢ aci d sequence
selected fromSEQ ID NO 4, SEQ ID NO 8, SEQ ID NO

16 25SEQ ID NO 20, SEQID NGO 43, SEQID NO 51, a

homg@%@iv@ﬂ% GhegpdiymsBitide! S&qistice 88ty (b)Y’ R &Fleast one

detecting the presence of at |east one polypeptide
conpeelkiamg, substantially consisting of or consisting
of the am no acid sequence of SEQID NO 12, SEQID
NO 24, SEQ ID NO 47, SEQ ID NG 55, a honvol ogue

and/ @) aidcudaiiRgthéd kel e@ber Bomdiaors Buithbleaios @xpression of the
t he pol ynucl eot1 de and/ or the_polypeptide correl ates

wi t hHBYeepifopa-raashve grogenrousubcel recaptanly e el as
being at risk for having HBVi nfection and/ or
HBV-r el at ed hepatocel | ul ar carcinoma. 41. Use of at
35) Aastettiotk aceddirar tocikhimd34, ovaergirothe 0t cell wohated incstéd (a) is

a , at least, one ye r._.according to ¢l aim 31
HERH 8727 caonesRattivh angir S FAaes SoLORRiIsare. 1o any
one of clainms 23 to 29 in the preparation of a

medi canent for treating HBV infection and/or
36 HB\vell elcaorting épany ook lafiickims drtoi Tband 32, for use in the treatment

of HBV infection and/or HBV-related hepatocellular carcinoma.

37. A method of treating HBV and/or inhibiting reactivation of HBV in at least
one subject comprising administering to the subject at least one
immunotherapeutically effective amount of cells according to any one of claims
1 to 14 and 32, at least one vector according to claim 31 and/or at least one

polypeptide according to any one of claims 23 to 29.

38. A method of treating HBV-related hepatocellular carcinoma in at least one
subject comprising administering to the subject at least one
immunotherapeutically effective amount of cells according to any one of claims
1 to 14 and 32, at least one vector according to claim 31 and/or at least one

polypeptide according to any one of claims 23 to 29.



42. A kit for detecting and/or treatnent of HBV
i nfection and/ or HBV-rel ated hepatocel | ul ar carci nong,

w0 b@olsd87£onpri sing at | east one cell accordi nBCT/8GZNY000165
15 one of clains 1 to 14 and 32, at |east one vector
according to claim 31 and/or at |east one pol ypeptide
according to any one of clains 23 to 29.

74

39. An in vitro method for diagnosing at least one subject that is able to resolve
HBYV infection, the method comprising:
(a) providing at least one sample from at least one subject;

(b) detecting the presence of at least one polynucleotide comprising,
substantially consisting of or consisting of at least one nucleic acid
sequence selected from SEQ ID NO: 4, SEQ ID NO: 8, SEQ ID NO: 16,
SEQ ID NO: 20, SEQ ID NO: 43, SEQ ID NO: 51 , a homologue and/or a

fragment thereof; and/or

(c) detecting the presence of at least one polypeptide comprising,
substantially consisting of or consisting of the amino acid sequence of
SEQ ID NO: 12, SEQ ID NO: 24, SEQ ID NO: 47, SEQ ID NO: 55, a

homologue and/or a fragment thereof;

wherein the presence of the polynucleotide and/or the polypeptide is indicative
of the subject being able to resolve the HBV infection.

40. An in vitro method for diagnosing at least one subject as having or as
being at risk of having HBV infections and/or HBV related hepatocellular

carcinoma, the method comprising:

(a) providing at least one sample from at least one subject;

(b) detecting the presence of at least one polynucleotide comprising,
substantially consisting of or consisting of at least one nucleic acid
sequence selected from SEQ ID NO: 4, SEQ ID NO: 8, SEQ ID NO: 16
SEQ ID NO: 20, SEQ ID NO: 43, SEQ ID NO: 51, a homologue and/or a

fragment thereof; and/or
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(c) detecting the presence of at least one polypeptide comprising,
substantially consisting of or consisting of the amino acid sequence of
SEQ ID NO: 12, SEQ ID NO: 24, SEQ ID NO: 47, SEQ ID NO: 55, a
homologue and/or a fragment thereof;

wherein the absence of the polynucleotide and/or the polypeptide correlates
with the likelihood of the subject as having or as being at risk for having HBV-

infection and/or HBV-related hepatocellular carcinoma.

41. Use of at least one cell according to any one of claims 1 to 14 and 32, at
least one vector according to claim 31 and/or at least one polypeptide according
to any one of claims 23 to 29 in the preparation of a medicament for treating
HBYV infection and/or HBV-related hepatocellular carcinoma.

42. A kit for detecting and/or treatment of HBV infection and/or HBV-related
hepatocellular carcinoma, the kit comprising at least one cell according to any
one of claims 1 to 14 and 32, at least one vector according to claim 31 and/or at
least one polypeptide according to any one of claims 23 to 29.



