1 HBV Epi t ope Reactive Exogenous T Cell Receptor (TCR) and uses thereof
Field of the invention The present invention relates generally to the field
of immune nedi ated therapies for treatnent of Hepatiti BV) and
HBV- r el at 8@ YI¥E4Eds 5 such as cirrhosis and Hepat ocelf%ﬁ%érfiog%br%g}fégorm ( HCO)
and to nmethods of preparing these therapies. In particular, the inmune

nmedi ated therapies may be in the formof cells expressing at |east one HBV
epi t ope-reacti ve exogenous T cell receptor and/or polynucl eotides, vectors
and/ or pol ypeptides encoding the HBV epitope-reactive T cell receptor. 10
Background of the art Hepatitis B virlis (HBV) infects the liver of

hom noi dae, i ncludi ng humans, and causes an inflammation called hepatitis.
It is a DNA virus and one of many unrel ated viruses that cause viral
hepatitis. HBV currently infects at |east 350 15 m|lion people worldw de.
75% of chr oHBYAEpiHppi ¢l Expenoats B el Re (T@R) pad Nses thareok he virus
has a worl d-wi de diffusion. For exanple, in the United States,
appr oxi maF:E Il(y @;gimelnltibﬂn Anericans, or about 0.5% of the popul ati on have
HBV. The pecially nore conmon in certain risk groups |ike
men who have sex with other nmen, renal dialysis patients and rsons with
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exi sting drugs suppress t ot elimnate HBV. Thqu j.arity of HBV

i nfected polt rw@rr%%@iywwﬁd&ﬁt Y‘?f’q]%r\?aqqdé%'i BO'H%‘?FF%%E %?dogwga%ﬁent

show ng i qul\pé(ﬁ Blreaktive T %81 recdpfdirst ol ogy and serum Al ani ne transani nase
(ALT) levels, alnost all patients relapse when treatnent is stopped.
Furth& nore, the nore comon nethods of treatnent of HBV involve the use of
drugs sucﬁ a8 rbgﬁ' MHW@% and adefovir. These drugs however, result in

devel opne =V1 resistance in the 5 patients, which occur in
approximately 20% of patients treated with | am vudi ne _angqi n about, 3% of

t hose tr eHepédtitisi BhviraddHBM)rinfestsntbediver oUhpminaidas, Belidingd o fon of
patients l | itisMH &ha ABNAL virdsh8n@Hrler ¥f hitlnydr ugs
woul d hav§§¢jﬁ%%t %Ym%ﬁﬁﬁéﬁéyﬁgptgﬁﬁé a g]atlﬁ)lga{i need for an eff egt ive
net hod of uamldtedivirases Hertapyse ital hepatitis. HBV currently infects at least 350
15  million people worldwide. 75% of chronically infected HBV patients are tiving 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
20  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.

25 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



10 results in an HBV specific imune response to efficiently and
successfully elimnate the covalently closed circular formof HBV in a
patient. uﬁ_}ﬁéﬁ#‘l Q/_Moccurri ng HBV-epitope specific T cebbgsEamithoisd Some
subj ects, 1€ 8 he subj ects having an efficient and innate control of
the HBV infection. Past studies have shown that patients with
persistent/chronic HBV infection have their HBV- 15 epitope specific T
cells deleted or functionally altered. Therefore, increased know edge of
virus-host interactions during HBV i nEecti on has pronpted specul ation that
t herapeutic restoration of the defective anti-viral imunity present in
patients with chronic infection could possibly |lead to di sease resol ution.
The validity of this concept was directly denonstrated in patients 20 with
chronic HBV infection who underwent bone r.r.Qw, trﬁns | an affi o%. agsg
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i nfected PROSSRUA Brve (HGSLNERLr act eri zed by | ow absent HBV-specific CD4+
and CD8+ T cell responses. Moreover, it has been speculated that both low T
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speculation” that therapeutic’ restoration of the defective anti-viral immunity
present in patienis with chronic infection could possibly lead to disease
resolution. The validity of this concept was directly demonstrated in patients
20  with chronic HBV infection who underwent bone marrow transplantation and
received marrows from donors with natural immunity to HBV. Infusion of a
healthy HBV-primed immune system led to resolution of chronic HBV infection
in these patients. However, bone marrow transplantation is clearly not an easy
therapeutic option for chronically HBV infected patients and attempts to boost
25  HBV-specific immunity using various vaccines in patients with chronic hepatitis

B have been disappointing.

A potential cause of fallure 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-HBYV infected subjects.



In particular, the HBV epitope may be HLA-A2 restricted. Mire in
particular, the 20 HBV epitope nay conprise at |east one hepatitis B core
antigen or _one he atl tis B envel ope antigen, or a mut sEven nore
in partictOZ" PHE* HBY epitope may conprise HBc18-27, alIF—IE;BSI%(%%69(;\69%le;nd/ or a
nmut ant thereof. The HBc18-27 epitope nmay conprise at | east one sequence

sel ected fromthe group consisting of SEQ ID NGs:25 to 39. In particular,
the HBc18-27 epitope nay 25 conprise sequence, SEQ I D NO 25. The HBs370-79
epi tope may conprise at |east one seqyence selected fromthe group
consisting of SEQID NO 56 to 58. In particular, the HBs370-79 epitope may
conpri se sequence SEQ ID NO56. 4 In particular, the cell according to the
present invention may further conpri se at | east one second HBV

epi tope-reactive exogenous TCR and/o nt ther of, rein the second
HBV epi t opet h%fy neesigfent sicdh produsirit I‘?& V\“‘fr"fg‘g{? \qéﬁ/ﬁ?f?’f’ Bul ar, the

first HBV, Q%nr@de@eoﬁ%@é&ezgnt@éﬂ ép@%tﬁ&epcﬁ@ﬂs 5Cﬂﬁirﬁ@mWebl%d
HBs370- 79 e exogenous ébconprl se at one a-chain corrprl si ng

at | east palerdsiare thusi @hag a wvéebwtﬁ%\msm@ﬂ@% aoh&L8Y hg of SEQ
ID NQ 9, §§Rés$%g.%slﬂa&88be$ B DobEh Sedliall kit oeh oy £k ak/ra.tp%el cul ar,

t he exogenous rses one a-chai n conpri si ng t he sequences
SEQ | 5 N(&f, méﬂeﬁ@ d:)Dam IfofiadgeEQaied NOrekponghdo eilBYendemsionCRayay

Cel bct od FYuiibiRe 1 Bap etaBefing! crielld PRV\EBhiREefh Wafolaia "seg To

NG 23 or pubames. thereof. More in particular, the exogenous TCR may
conprise at | east one p-chain corrpri Si ng t he sequences SEQ I D NG 21 SEQ I D

b TR R e e GO ARSI S
| east 80%iener HBVdnied%m‘tpétwntsOarSE@de%WidardHr te rédagnthet wotidwidef and/ or
at | east one p-chain haV|n? \}e t 80%8 a]cdld nt i to SEQ ID
NO 2410 BOrHGGHEA MORGHaTor HEMENTar A AT (iR o Sl IS5 TOR ‘may

[ [
conprise at |east 20 one a-chain of SEQ ID NO 12 and/ or at |east one

p-chai n ofy Pk, Bf W2 iddentibre exogenous TCR may conprise at | east one
a-chain corrprl sing at [least one am no aci d sequence selected fromthe group

i st QLD No 44, S S tant.s th f
Pt | CneprseL NGB STeRas 106 e blats 2opvp et st iBlicRs 0ot S
the sequef¢RBeiSERididAt M@d‘léﬁec,%e e NNY oN@eéﬁn@mB\SE@eb@d\@ 46dircbiagexogenous

TCR may conprise at | east one p-chain conprising at | east one am no acid
sequence 66lspeciaity pbirmpRecytes of chronic HBV infected patients using exogenous

15 T cell receptor (TCR) transfer.

According to a first aspect, the present invention provides at least one isolated
ell receptor

£

cell comprising at least one HBV epitope-reactive exogenous T
(TCR) and/ or fragment thereof.

In particular, the HBV epitope may be HLA-A2 restricted. More in particular, the

20 HBV epitope may comprise at least one hepatitis B core antigen or one hepatitis
B envelope antigen, or a mutant thereof. Even more in particular, the HBY
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

25  comprise sequence, SEQ ID NO:25. The HBs370-79 epitope may comprise at
least one sequence selected from the group consisting of SEQ 1D NO:56 to 58.
In particular, the HBs370-79 epitope may comprise sequence SEQ iD NO:56.



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 nay conprise at |least 5 one

p- chain c&;g)&,i@iﬂgmt he sequences SEQ I D NGO 52, SEQ I D Moragddanthes=Q | D
NO 54. Al I"'Sequences are shown in Tables 1 and 2. In particular, the

exogenous TCR may conprise at |east one a-chain having at |east 80% am no
acid identity to SEQ ID NO 47 or a fragnent thereof and/ or at 5 | east one
p-chai n having at |east 80% anm no acid identity to SEQ ID NO 55 or a
fragment thereof. Mre in particular, sthe exogenous TCR nay conprise at

| east one a-chain of SEQ ID NGO 47 and/ or at |east one 3-chain of SEQ ID
NO. 55. In particular, the cell according to the present invention nay be
at | east one hematopoietic stemcell. Mre in particular, the cell nay be

at | east one 10 Perjpheral Bl oo nphocytes (PBL) -der] | |

Accor di ng?"i Baﬁﬁ?&iﬁ’i’eﬁheﬁk @E??rdmgtotf%% ?5‘?\?3;{’[ W\)’@&F’PB rfn%f@\'/‘éhég §0r§p ﬁgee 2Lt one

i sol at ed polsynisd eRichAe MBYPEpBO RS raictilveastogempuselCRn emdincirdgmgnat | east
one a-chain and/or at |east one sequ

| ence encgdi ng at . lLeas oPe -\fc]hai n
wherei n, theseal, svharaindhe secendHBYnapitaee sagy bgrdifferentfom e"é;(%ée ous HBV
epi t ope- éﬁit&ﬁé%ﬁﬁftié{ﬁﬁ; tHENErsHRIB\E BbEORE By b ¢E#3818; 3ifd anslsetomdBs370- 79.
In particular, t sequence encodi ng the a-chain conprises at | east one
sequente spiteps owyhediBSHO-TH NO. 1 and SEQ ID NO. 5, at |east one sequence
selected fromSEQ ID NO 2 and SEQ ID NO 6 and at | east one sequence

sel ect ed %8'8@5%316& PR InandorbiRd Bt Rk torfelctfairt BmsipaNeBERA00RACOTI N

o)
the 13-chain coffprises at ['east one sequence selected from SEQ I D NO 13 and
SEQ | D NOefiiino atidl ssasienonseledigd drce the puspeeprSiBitg SESGHDIRDQE, 8F§ SEQ I D

N 19, “NolE N T8 BEENEREF SEinGEhE el FEPhiuEE de dBhentia 0
tSES | I-Dc rl\llgi-fﬁZR SE@pH&é;\Iiﬁl &aaindniSE@Heﬁh Nﬁlnisbgaimfj/[)the samgegﬁaj@ﬁéblﬁﬁl@ﬁcgdi ng .
part P&le aﬁ,Eqn% @gﬁﬁnﬁ%ﬁﬁ%&% iéf’te&(B -'?%%SE?P em3¥88'§lﬁ(%é Qﬁ'%sﬂray have
Chai mof Dhe T e e ous. TCh oy s ot omat B0v -
sequence DR P?QSEEWQSEQSI® Ney &l %E% ﬁ% mﬁ%%&i ﬁ; FMS'%%CHT ar, the
5 sequencﬁ}{%s@g;lh%ggggﬁ?%-iﬁ@rﬁbmm%&eﬁje%hgdrémcmag BemBesI Bt kARSI Sti ng

of SEQ I D n 8, an r e sequence encodi ng the (3-chain
may be sebeefechdin oomptising theugpeamners SEY IRBNGRO PEONG 'ﬂ@f?é%@ﬁ%ﬁé D NO 20.

More jn pgtfjguka - s Ghajyp of the HBc18-27 epitope
react#‘”{;e @Né%gélén %ﬁégggﬁﬁﬁ{iﬁl%iﬁd}gr oup consisting of SEQ ID
in particular, the exogenous TCR may comprise at least one a-chain having at
least 80% amino acid identity to SEQ 1D 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 af least
20  one a-chain of SEQ ID NO:12 and/ or at least one B-chain of SEQ 1D 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 1D NO:44, SEQ
ID NO:45 and SEQ ID NO:46 or mutants thereof. In particular, the exogenous
TCR comprises at least one o-chain comprising the sequences SEQ 1D NO:44,
25 SEQ ID NO:45 and SEQ 1D 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



10 NO 4 and SEQ ID NO 8, and/or the sequence of the p-chain of the HBcl8-27
epi tope reactive exogenous TOR nay be selected fromthe group consisting of
SEQ I D NO_16_and SEQ ID NG 20. In particular, the sequ {Ag the
a-chain cOHIPEEEEEQ 1D NO 40, SEQ ID NO 41 and SEQ |%8Fﬁ%f;%g§’§ﬁ%ﬁgor the
sequence encodi ng the P-chain 15 conprises SEQ ID NO 48, SEQ ID NGO 49, and
SEQ ID NO. 50. More in particular, the a-chain of the HBV epitope-reactive
exogenous TCR nmay have at | east 80% sequence identity to SEQ I D NG 43 and
the p-chain of the HBV epitope-reacti K€ exogenous | cell receptor has at

| east 80% sequence identity to SEQ ID”"NO 51. Even nore in particular, the
sequence encodi ng the a-chain 20 conprises SEQ I D NO 43, and/or the
sequence encodi ng the p-chain conprises SEQ ID NO 51. Mrre in particul ar,

t he sequence of the a-chain of the HBs370-79 epitope [ tive enous TCR
may conpr P8e PSEE@IN COMENSIRY HiRiPAUaRes SEQIND B $£§ PRga A SERe
HBS370- 79 151N, 8CA SaGldnkes SRPRRARYE TdlleqRunaanpr i se SEQ 1D NG 51, 25

Accordi ng to anot her aspect, t present 1 nvention provides at |east one

i sol ated pol ypeptide encoded bi[ at | east one pol ynucl eotj de of  the present
i nvent i onln partisglesribe myogenais TERInaY KemPasp @ teast poei-e8Rtavieat i on

provi des t ' N o)+ h& 8ps: sequence
sel ect ed rag’an ?%ea@{agudgﬁg@%éﬁ%tt?%g%?g é\!%@f%(?%”%@h%% m%f)é{ﬁl%%%{) and SEQ ID

NO 11 &ndlesist bepagtchairenduing beleasicBiféraraing alcigldtientity te b & GK&dp W énsi sti ng

of SEQ I D.NO 21 EQ.I o | e e
sequence FFE?mﬁ"Q([/ %55%71 @3% W‘é@gﬂéﬁ%ﬁﬁgﬁ?ﬁ@ “?ao‘p@‘ﬁgb% ﬁ%.ef%pand t he
furt her segyendeimaySBaVR ND:47easl/ o8atiecani ore @aihdin afe3EQIR NG:SSEQ | D NO 24.
The present invention also provides at | east one isol ated pol ypeptide

conprising at |east,one, seque C r, u i St of SEQ
D10 No s Posiel i R eSS ARER 5 S e TR, e e B Dasiar?, O
sequence BehrEdmietlcr slant ellghMorp topsaiticulangthed SEQTIaD DO 82 JezBE@rieD NO 53
and SEQ ID NO 54. In particular, e seguence,.may have at | east 80% am no
aci d 1¢entefipherg! %“E@dWweﬁﬁ%éphﬁsef’g‘?‘fﬁé’rensequence may have at | east
80% am no acid identity to SEQ ID NGO 55. 15 The pol ypeptide according to

the presepbchrawgNte oy bspat, tieagiressre Bdhim twpedesaait least exegenous
TCR. In particular, the HBV epitope {é%é be HBc18- 27 ?6537,{3-79: and/or a
mut ant t hiSPE5ed PRIYPECIERIiaeGAMRIRRG at IBRSE Y JEREIRNCELIRRY NGRS one

sol ubl e TERQM andbRrarRitst bRE'RQUenEY SRCOMRE dtNedt! driet Blobain Whersiel ubl e TCR
or fragnment thereof may be |inked to at | east one antl-vyé}{( dr ug.

20Accor di g ewheiteand pebdein Mgy he 8381 4t RASHANGSHCERPHE 9PéaRY- one
const gér %%ﬂg(% LI'FJF('QPEW%\F’@F%%&f@%?tﬂeq%@f&ﬁh%ano@%ﬂOwnt i on operably

conne east one p According to anot her aspect, the
present invention provides at |east one vector conprising the construct
accor di ngint partimulasr deergequatent $aedio the PSHAINY AUIEPESRT d8 BEEbrMieng to the

present i Qé/c‘ﬁjgnicgnseiected 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 1D NO:3 and SEQ [D NO:7 andfor the sequence

20 encoding the p-chain comprises at least one sequence selected from SEQ ID
NO:13 and SEQ ID NO:17, at least one sequence selected from SEQ 1D NO:14

and SEQ ID NO:18 and at least one sequence selected from SEQ ID NO:15

and SEQ ID NC:19. More in particular, the sequence encoding the a-chain may

comprise SEQ ID NO:5, SEQ ID NO:6 and SEQ ID NO:7 and/or the sequence

25  encoding the B-chain may comprise SEQ ID NO:17, SEQ ID NO:18 and SEQ ID

NQ:19.



8 According to one aspect, the present invention provides at |east one
met hod of preparing at |east one T cell conprising at |east one HBV

epi tope-r cogenous TCR for delivery to at |eas sybhBEs the
met hod COS%(S }{/ﬁ%gfr ansducing at least one T cell isol tgfggﬁgr om t he subj ect

with the construct of or 5 the vector of the present invention. According
to anot her aspect, the present invention provides at | east one nethod of
preparing at | east one HBV epitope-reactive exogenous TCR conprising: (a)
i solating at | east one HBV-epitope reactive T cell fromat |east one

HBV- exposed i ndi vi dual that resolved V infection; 10(b) cloning at | east
one pol ynucl eoti de sequence encodi ng at | east one a- and/or j3-chain of at
| east one TCR cell receptor fromthe HBV-epitope reactive T cell of step

; del th | leotid f ste t t | t
ol | ;  ahd InserpuDR AR PhBeCURY ciaB TR Erpsealy TaBiresy Bive ©2° O

expr essi o%t%a&@%ﬁ‘@/ L%WgéQ@@ﬁté)??&S‘E‘C?IE?WQWQ 10eND:8 Qﬁ@/@? e By the

cell. In particular, preparing_at_| east one
epi t ope- r ehatri v thex G GRECTERRRING reOESNo U @%ITQ@Y&@V@faTaieaFE&Q% one T

1L B BT S 7N o a0

epltope r 0 oné aspect, the present Invention
provi dgs akglieass encmlimetie aenharrdnm me)selhetaprm%elQTOEEmeOﬁISWQ)ﬁf use in

acoor d ng T dfoNer aad e B NERE, BhuPYid Sefe i ERa g ne pinai: © 0™
met hod of rhsedlel sdletBY fand/Be gtﬂhpbctdrisrwngerﬁcsl':”mw)momfa BBY $EQalD | east
O S 20, Fo AT LIS S0 e bhah Bl RS e 27 b dhs
reactive exogenous TCR may be selected from the group consisting of SEQ ID
10 NO:4 and SEQ ID NO:8, and/or the sequence of the B-chain of the HBc18-27
epitope reactive exogenous TCR may be selected from the group consisting of

SEQ ID NO:16 and SEQ 1D NO:20.

In particular, the sequence encoding the a-chain comprises SEQ 1D NO:40,
SEQ ID NO:41 and SEQ 1D NO:42 and/or the sequence encoding the B-chain

15 comprises SEQ ID NO:48, SEQ ID NO:49, and SEQ ID NO:50. More in
particular, the a-chain of the HBV epitope-reactive exogenous TCR may have at
least 80% sequence identity to SEQ 1D NO:43 and the B-chain of the HBV
epitope-reactive exogenous T cell recepior has at ieast 80% sequence identity
to SEQ ID NO:51. Even more in particular, the sequence encoding the a-chain

20 comprises SEQ ID NO:43, andfor the sequence encoding the B-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 1D NO:43
and/or the sequence of the PB-chain of the HBs370-79 epitope reactive
exogenous TCR may comprise SEQ 1D NO:51.

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

inveniion.



effective anount of cells, at |east one vector and/or at |east one

pol ypepti de according to any aspect of the present invention. According to
still another aspect, the present invention provides ag % et hod of
treating PERAPY ¥%dd hepat ocel | ul ar carcinoma in at |eas ggﬁéwgﬂg?ect 5
conprising admnistering to the subject at |east one inmunotherapeutically
effective anount of cells, at |east one vector and/or at |east one

pol ypepti de according to any aspect of the present invention. Accordi ng
to one aspect, the present invention provides at |east one in vitro nethod
for diagnosing at |east one subject that is able to resolve HBV infection,
10 the nethod conprising: (a) providing at |east one sanple from at | east
one subject; (b) detecting the presence of at |east one pol ynucleotide

conpri si n%p substantially consisting of or consisting of at |east one
nucl ei ¢ aéiceordinguisnsidl sapiber egrelothesPesent Kyenkion sroyifdes bleast oneQ | D NO

16, SEQ I ?@Q: SEGH or
fragnment t ereo%é%g d é@?%%ég%ﬁang t%@eﬁ%g%g%@gﬂ?B%nﬁ%g@uﬂ/

pol ypept i densigtingrafs3EQ,[DND S50 H) ND:to astl SEQJDNOTN arshatilsastgeof t he
25 AR o o e R S L Sl
t he pobyniig: Emhndesmdbdﬁ()tm Ipobiticalat, ite seiquiende cnaiy haveohit kehet 80/ ect
being able to re oIv nf.ecftion CC, et _an ther aspect
the preseRfNhgeA: t'%%\#@ i &a @a@f‘dotﬁg fi(‘)‘FfﬂW g? hoaY ffEveftagnosi ng
at | east paet Mla@‘ﬁ‘iho%%lcﬂééhﬂgt@BEﬂﬁidoﬁm at risk of 25 having HBV

i nfections and/or HBV rel at ed hepat ocel | ul ar carci nona, the nethod

co risin rovi dl n | east one s rom at t ne S eCt; 10
o Pt bothe PIRER Buidicd S brogles” aholegs: valls | Sala. RUmRAtdRng.

subst ant i eérhynm@gt | B e @iersicetddioRiinglorb G st IDAC ¢
sequence sel ected f ID NO 8 ID'NC 16, SEQ ID

NO 280 ShO4H IR !Qé\loéégndrﬁﬁ@!ﬂﬂoﬂe@m%w llgasteng irthgr sequence
selected from the group consisting of SEQ [D NO:52, SEQ ID NO:53 and SEQ
ID NO:54. in particular, the sequence may have at least 80% amino acid
identity to SEQ ID NO:47 and the further sequence may have at least 80%

amino acid identity to SEQ ID NO:55.

15  The polypeptide according fo 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.

20  According fo one aspect, the present invention provides at least one construct
comprising the polynucieotide 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

25  polynucleotide according fo the present invention.

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

cell comprising the vector or the construct according to the present invention.



5fragnment thereof; and/or (c) detecting the presence of at |east one
pol ypepti de conprising, substantially consisting of or consisting of the

ani no acid %%ﬁiﬂiﬂgﬁ of SEQ 1D NO 12, SEQ ID NO 24, SE@kB.ihood& SEQ ID
NO 55, a'\l gue and/or a fragnment thereof; 10 wherein the absence of

t he pol ynucl eoti de and/ or the pol ypeptide correlates with the |ikelihood of
the subject as having or as being at risk for having HBVi nfection and/ or
HBV-r el at ed hepatocel | ul ar carci noma. According to another aspect, the
present invention provides at |east ope use of at |east one cell, at |east
one vector and/or at |east one polypeptide according to 15any aspect of the
present invention in the preparation of a nmedicanent for treating HBV

i nfection and/ or HBV-rel ated hepat ocel | ul ar carci nona. According to stil
anot her aspect, the present |nvent|quPrQV|des_ t | east, one kh&xf5¥

det ect i ngAgeeiting forene astifct.dhe pEpenh YEDTYH PR aHBREL WS g

hepat ocel r Cj t i m' ; t ch&astV elrbactle | east
one vect ob}af%ngggéto'reggﬁpgagfﬁgnéegrgollyp%ﬁtpgaeﬁagcordﬁgga%fas ect of

the preseakogenoent TOR. foBrdaliveryetocel frashpner sebieck fpumeahed gORPHHINGhows a
schematic_di agram of, t he st I ' i dstreen®r éSi ng at
| east onelr glgtplg_aﬁigﬁq ?%%“éé%\é%é%g@gﬁ @{%@H@e@gﬁgf@d ISt 25 conpri ses
t he i s®l atrieovedidr of tHe paddentinoastidn om an HLA- A2 positive HBV patient who has

resolved the infection, using the T cell clone to forma retroviral vector

construct eS8 didther bl IRGFBLA iARHERIHGEES o BEEnd Meliigm cel | s

of preparing at least one HBV epitope-reactive exogenous TCR comptising:

(a) isolating at least one HBV-epitope reactive T cell from at least one

HBV-exposed individual that resolved HBV infection;

10 (b) cloning at least one polynucleotide sequence encoding at least one a-
and/or B-chain of at least one TCR cell receptor from the HBV-epitope

reactive T cell of step (a);

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

and

15 (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.

20  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

25  comprising administering to the subject at least one immunotherapeutically



11 express the HBV epitope-reactive exogenous T cell receptor. Figure 1 was
partly taken from Schumacher et al., 2002. Figure 2 (A depicts FACS

anal ysi s of %%{l{ig%heral bl ood | ynphocytes (PBL) which Wé@séﬁ&n%o%ed W th

HBc18- 27 Bve(b ] generate T cell lines. The 5 H6cl18- specific T cell
i ne was isolated using specific HBcl1l8-27-HLA-A201 pentaners and nagnetic
separation. The isolated HBcl1l8-27 specific T cell line was stained with

HBc18- 27- HLA- A201 specific pentamers to confirmclonality. The results show
that 100% of the T cells were CD3+ ang HLA- A2 pent aner positive, indicating
clonality. 10 Figure 2 (B) shows a grdph with the results of V beta typing
of a potential T cell clone, C183, which was derived froma resol ved

HLA- A201 HBV patient using staining with a panel of TCR V beta nonocl onal
antibodies (MAbs). MAbs reacting with the human T({?R V beta r,egieon are

al nost  as effgetbler amoust of gelisv at deastigney preonapdion atdesstigng RYVFeRE ¢l ones.

This neth t t ahtalenifpr essi on of V beta gene
famlies. 8‘?‘%%}@@190@@3%%@%0} %{ﬂ%ﬂ%ms fourrlld to be highly specific to HBV

core 18-27 (HBcl18-27) epitope. The results suggest that all T cells were
V138 posi ticoerdig ustl anethenespet. 61/ Gresent IR ROYHesIt 1829 P %peci fi ¢
Cytotoxic T 1 I t BnS4opicht M dyl
Ester ( @%tm%@rg%%fq%eﬂ%%léé f@ﬁ%ﬁ%‘u&ﬁﬁ&ﬁﬁh‘é@fﬁ%ﬁ! ( ?3 10 epi t ope
wer e né xedomiptibintlepdinisi¢rirg thahe veesioat KBSL ey ipmusetherapaitica cells

were cultuged.in_the pr C bsen ~1.fatio for 5
h. Cytot o?ﬁ%&l‘@? m&ua‘g‘?ﬁ%@ng’&?‘%‘%‘/ﬁ i Seag%%tg'i gﬁé—}gr%qgﬁéfeagg%f%%ﬁféarget s in
t he presepgcoraingGd&dycispas of 6l BR)sentiinventid.h co-i ncubation, the results

show t hat only SE 25 negative cells (no HBcl18-27 peptide) remai ned and
nearly all HBcl18-27 positive, CF It I i,|hat ed by
C183, " i ndPEETHY Fongﬁq- asepth (’,JIT%ﬁigsfeg]?ig\%éarﬁﬁgl_@?)%ﬁgFéltn%a%%?’l’ e CFS
pr esent i nghdih@Viorrliagieemglt keadtBod &ubject that is able to resolve HBYV infection,

10  the method comptising:

(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:

15 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

20 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
25 having HBV infections and/or HBV related hepatocellular carcinoma, the

method comprising:

(a) providing at least one sample from at least one subject;



12 27. There was no significant difference in the cell count when no CTL
was added (NO CTL). Figure 4 shows that C183 T cell clone recognizes
endogenou% 0%5/9§;.§§sed viral antigen presented by hepatp¢Rlbhithasigar ci noma
cells. 5 %Elre /4 (4A) shows the results of HBc18-27 specific Cytotoxic T

| ynphocyte (CTL), 0183, incubated with parental, vector only, Hep& cell
line (Hep&TA2- 7) for 5 h as a control. The control was tested for

cyt oki ne rel ease and cytotoxic degranul ati on (CD107a+ staining), which
reveal ed that 0183 did not respond to,the control cell |line Hep&TA2-7 as
there was no activation to degranul at® 10 (CD107a+) and did not produce
|FN-y. Figure 4 (B) shows that 0183 T cell clone activation after
co-culture with HepQ&2. 105 cells which expressed different |evels of the HBV

antigen stinulated ! FN-y production and degranul aé{i on, {'éndi cati.nﬁ the C183
T cell clone tcognietesiindhibeHmesenceroled ieapOn? erELEgotdR cAMBERREed by

hepat ocel | ul ag,, ﬁéﬁiaﬂ%”‘?%rﬂsﬁggggbt 3, EA¥ing Tof Skl |dlsPNfife WRIbRIAGiciavat ed

after 5 h co-curture S expressi n&]HBV. Figure 5 shows the

resul ts of hove@iBdeBetasted FbonSELL )OI tITERAMUNS: 18/ SERLLPLNME: 16,

LA A= expl anEGHTENC A0, Shisy PN A5 S RE B NER T BEp CPRR T 208 s 20

27-spegi fi c Of8gméncebleot]@miordegr anul ation and | FN-y production was
measured after 1 ncubation of 0183 alone, with HLA- A2+ uninfected, with

HLAmM smat ch HBY infected, or with HL + HBV | i n

hepat ocyt es. %\l{&qe@&ﬁ’i‘g{/a PoR'CE29% Cﬁfl%a%ggtmdsﬁ%ﬁf&yﬁl iogsg%cgé%f)ﬂ#ﬁgw ng

i ncubation wi E%%ﬁiaﬁ?*cdd%ﬁh@&ﬁ%redormiétmwf theremihe paid sgtesndendf cat i ng
25 that the 0183 T cell clqne r ni,ze 0 e vi I al

anti gen preserEeH IBNQRI2Z; %E@cﬁé\?‘gr ?é&éﬁg[gg@&y e)séﬁap @)@S%@Ssarthe
correct HLA nphesid.ge 4pB/drerdgheitithsrebf,ace. 13 Figure 6 shows the ability
of T cell clone, CI83, to recognize the HBcl8-27 epitope from HBV genotypes

B and C bars, Asia virus: C18-1) .and HBV t . | ack

e 1Ew. Dbetsin Ahe;asahe o dbe RelEnigdaiecaien %5 BlBaRid:, BBEeRecs;

the HLA- Aaliitﬂ't‘ﬁe(ﬁlkéﬁ‘g)toh drank Ls%meﬁpﬁé HaRBAGH a9/ be AtERW fob haviagHBV.ed B
nown subty

cells with es o A-A2 were | oaded with increasing
concent r atrifestonoindiBdii8V zelatast hensdogallyiar SRFFBAt genot ypes of HBV and
co-cultured with 0183 T cell clone for 5 h. IFN-y producti on was neasured

to determ i {9@8{ L vAaljean. entitabrdidesbifiedd0die (18 ofHLA- A206;
and (O Hﬁgg%gggge c*%s%dfe%?@t%ihcoupd p?gsenet t he HBV epitope from
10 al | gembleppesnanel|, aiveast o vegipyaal/py2ess QMRIPYIMBRPICE FREPHIRARS i ci ent
| FN-y_ production e I, Thge able to
recouty st hATBEL B! PF el et ingiheChiepI AR P pHiEieht 15

genot ypes t/Baiung HB\binfegtion tiygies HE\areated degataeelldipr cagdoms recogni zed

al nost equal |y when presented by the three nost- dom nant HLA- A2 subtypes

A0201 (A) Acé‘gs%cl’nfsg {oBgti!lla%o neq a’As‘%%gt? trge%resent 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

20 andior 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
25  comprises the isolation of a T cell clone from an HLA-A2 positive HBV patient
who has resoived 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



Figure 7 shows the analysis of T Cell Receptor (TOR) transduction
efficiency. Figure 7 (A) shows the FACS anal ysis of peripheral bl ood

| ynphocyt eaﬂ%?ﬁg% -yphen they were nock transduced (negapd-ve;:Geob@E) or
transduced e HBc18-27 A201 TCR conprised of V88.2 and Va3 chai ns.

PBL were stained 20 for V38 chain 3 days after transduction to determ ne
expression of the introduced HBcl1l8-27 TCR Mock transduced PBL expressed
endogenous | evels of V138 (CD8+=1.8% CD4+=2.1). Expression of V38

i ncreased substantially after transduﬁtion wi th FIBcl18-27 A201 TCR conpared
to nmock transduced cells, which expressed only endogenous | evels of V38,

i ndi cating 25 successful transduction and expression. Figure 7 (B) shows
the results obtai ned when nock or HBcl18-27 TCR transduced cells were

stained with HBcl8-27-A201 specific pentaner_to, det ertm' ng, i f t1he Va3 chain
was expr egse@sariae fridYeenippsdrrelyenpXaponeds b aolaieserts bI9Urhd Y&

sur f ace. aLE FOR! VS aneds t Baboonly HBc18-27 TCR transduced T cells
expressed&?@g ap&ropri%c?‘lgﬁlaa%gnd p chains recogni zed by the HBc18-27- A201

specific Eentarrer and that_ the a and f3 chains re g/ro erlgé pg&@ﬁd on the
cel | surf Higelre Mo (A} denictiy FiES deedsisea’ PRIRBIR! S CY&PS| because

PBL cane : i~@h. - EVE.cekf e The(C shows
t he mean %%@u@ﬁ%%ﬁu@%@%{%mcﬁgf%%e%eﬁt#?ﬁgéﬁgggﬁ er(ﬁrslroniec HBV
patienfs HEBVSDNAspectfa7T cwfliline/ vy jsolaied @sm@wﬁmHB@m@%-lﬂla‘hﬂé’r@ﬁs ( HBV
DNA < 106 _copl e wJhi S i ndicat es S ; hain is
expr essedp%%mq?é%Ima%ﬁighs%gﬁf%%ﬁ&ﬁ%a qléet%?sl-‘ %%%Z%ﬁ% ééical fﬁy&ﬁﬁgr S.

Figure 7 B stdinug witheHBea® 27 riicAev20Y specHBrEStaTier2@Icapn ¢ibvaliient aner+ T

Copi os/ ) Thagasats,shons el 0N o7 ey TR b8 ol B AR PeBe Y vy

Thi's i ndi gadifge, itAdatingecigiiper | y paired transduced TOR is expressed equally
15 well in chronic HBV patients and healthy donors. Figure 8 (A shows the

fosk il FERSEIERIE TR e B THEMAN
transducegofe CehES, WRER Wik §ivadr enQy Assaivaldt HWALAROHLABRCatERE @einlgs whi ch
vere 1 rsétaﬁ'llijrllgs ?n(fjithwat Qarll_‘lel?colf&r(z:?l? P/egttatladﬁwonoclonal antibodies (MAbs). MAbs
reacting with the human TCR V beta region are almost as specific as a private
idiotypic MAb in identifying T cell clones. This method was thus used to
15  evaluate expression of V beta gene families. The clone, C183, which was found
to be highly specific to HBV core 18-27 (HBc18-27) epitope. The results

suggest that all T cells were VB8 positive.

Figure 3 shows the cytotoxic function of HBc18-27 specific Cytotoxic T
lymphocyte (CTL) clone C183. CarboxyFluoroscein Succinimidyt Ester (CFSE)
20 labelled HepG2 cells pulsed with HBc18-27 (8-10 M) epitope were mixed with
HepG2 cells that were not HBc18-27 pulsed. The HepG2 cells were cultured in
the presence or absence of CTL clones at a 1:1 ratio for 5 h. 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
25 negative cells (no HBc18-27 peptide) remained and nearly all HBc18-27
positive, CFSE positive HepG2 cells were eliminated by G183, indicating the T
cell clone is capable of killing tumour cells presenting HBV antigens iike HBc18-



20 ("peptide") and incubated for 5h. The function of the T cells was then
assessed by intracellular cytokine staining for IFNy (left colum), TNF-a

(mddle colum IL-2 (right colum). In the absenceg 9kcR&PLIGE.
HBc18- 27 ‘P@?‘}[ﬁg/ 3%E-guced cells were not activated (top row). Mck transduced

cells were not activated by peptide pulsed T2 cells (mddle row). HBcl8-27
TCR transduced cells were 25 stinulated to produce IFNy, TNF-a, and IL-2
following co-culture with peptide pulsed T2 cells (bottomrow). Both CD8+
and CD8- (0OD4+ T cells) were capable produci ng all three cytokines
confirmng function of the introduced“TCRin CD4+ T cells and

mul tifunctional capacity of TCRre-directed cells. 15 Figure 8 (B) shows
that HBc18-27 TCR transduced T cells fromchronic HBV patients are equally
functional _to healthy donors. Mean frequency of |IFNvy, TNF-aC nd 1L-2
positive &l THerq @fﬁSSn%ééﬂﬁ‘fFﬁ?,”tﬁ'ﬁﬁﬁ%%”b%?%ﬁﬁﬂ a0t YETe AP C FHBNADNA > 107
copi es/ m L4 ﬁ@g\lé ey_Ag- chronic HBV patients (HBV DNA < 5106 copi es/ ml)
are shown. % e result’s show that T cells transduced with HBc18- 27-A201 TCR
become nultifunctional. Figure 9 shows the affinity of HBcl1l8-27 T

t r ansduceffigpre &1 showsrthat GE8s 1 1gll sipnederegnizes-Bvioranoral PrechRssr edat o
ori gi nal nTp@géh?ngggi%:ﬂP@rgamn%ﬁ% the results when | FN-y+ CD8+

HBc18- 27 trans s and 0183 T cell clones were co-cul tured
with 12 cells pulsed with increasi nlngconcentrati ons of HBcl18-27 peptide for

5 h and®l t riawretdalAeshews thergsulteaefaHPs1Hréswncdie qytaidn Thbraincilfe of
i - i heal t h
mexi mim f@g@ggg s%ornct#ﬁ%ggaﬁqp;'f&@n&n, %%%}lémi Sefifihé VA ézwgﬁd ga t hy

donors, 5 chronic V patient ?%HBV > 107 copies/nml),
HBeAg- chibfir® tHBY apertriteoht e sdBirol Bapigsted ineviaime rlease antheylotozikss i s

100% specific Il [ how t hat
the af 1 nPeyenlPtof COTozh P BRMIATE iR s RGO Y88 eREnot RSIOA I o

cel I s cl otthedofitraingatine MepGITAI-E asatharelevas oal asthvatioo dopdegrdnitietet he

ori gi nal ell, ¢lone and r ni zed the epitope down to

concet r a?&‘gi%—;%*ﬁ "’(5‘.‘31(%‘3i n?FWGBH’F? FFE\?)'%Fi gure 9 (B) shows the results when

| FN-y+ CD4+ HBc18-27 TCR transduced T cells and C183 T cell clones were

co- cul t ur Buvé th (BR shielssthiat GE8B W chil iolarree astivagiovo aitentcoatultares with HBc 18- 27

peptide for h and then stained for. |FN a, | resented a an

per cent ag@eﬂgzrﬂ&ﬁ Qﬁyﬁwﬁﬂ%%@s?‘%ﬁ 8‘&@"@?5162’%[51@‘? Tﬁégﬂﬁ%ﬂj SRRt der i ved
from5 hegN-DY:8RSEE ana dddeAtltatidi, AitiicatiiB¥ha T 183LT eall slohbiRdcddNzes 107
copies/ail), and 5 HBeAg- chronic HBV patients (HBV DNA < 106 copies/ai.l)

wher e 018thei BBeHBR7 spritdpei eropssasl TR Aresader ydheratpeellular carcinoma
15 cells. 84% of T cell clones were activated after 5 h co-culture with HepG2 cells

expressing HBV.

Figure 5 shows the results of how C183 T cell clone responds to naturally
infected hepatocytes. Primary hepatocytes which were isolated from HLA-A2+
or HLA-A2- explanted chronic HBV livers were co-cultured with C183. HBc18-
20 27-specific C183 T cell clone degranulation and IFN-y production was
measured after incubation of C183 alone, with HLA-A2+ uninfected, with HLA-~
mismatch HBV infected or with HLA-A2+ HBV infected primary human
hepatocytes. C183 activation (12% CD107a+) was only cbserved following
incubation with HLA-A2+ HBV infected primary human hepatocytes indicating
25 that the C183 T cell clone recognizes endogenously processed viral antigen
presented by HBV infected primary hepatocytes that express the correct HLA

molecules on their cell surface.



frequency varies. CD4+HBcl18-27 TCR transduced cells derived frompatient T
cells were |l ess sensitive conpared to 0183 but 50% of HBc18-27 specific T
WO 2009/ 136874PCT/ SG2009/ 000165 16 cells were acti vat gg gé, 3359930?&/ m

i ndi cati nd"Q W4Y13$% i ntroduced HBc18-27 TCR was hi ghl y' SERETPIVE Seven in
t he absence of the 0D8 co-receptor. Figure 10 shows the expression of
optim zed HBcl1l8- Opt-TCR conpared to the wild type HBcl8-WI-TCR 5 Figure
10(A) shows histograns with the percentage of vps+ T cells from nock,
HBc18- WI- TCR and HBc18- Opt-TCR transduced PBL cells. Frequency of \108+
cell's was conparabl e between the optitd zed and wild type HBc18- TCR
transduced cells. Figure 10 (B) shows the conparison of the expression

| evel of VI38 in nock, 10 HBc18-W-TCR and HBc18- Opt- TCR transduced T
cells. To conpare the | evel of expression, nean fluorescent intensity (M)
for v38+ Egjurs @\laﬁowelda abliey pBJutdls clshenCriBat ta mm@sthBp@&% cant

diff t f VI3 t I d t

TCR 1 ansanleRs B8m SV B Crale TS FRELITE sofmel Fplm © VP
HBC18- 27 HbAothges Rafid Debidbk par| &[mfpe@hmrﬂeﬁ@n Gald, £18Fdnpreaetied yup

menti oned above were stai ned% e@gé % ?;@ %%2% HLA- A2 cific
pent amer s difieit| Spblypesey g dilives Cfi%sstin Miie S Gf" Pt posi tive

cells gn ?Eaﬁ%hﬁear@“%@lw%w%uﬁ%ééwp@@t ofl %ﬁ%t\ﬁé@t aaa@%aemsmowm
conpared to the w sti ng?g hat the Va

3 ch
expr essedinepeasirng twmegg‘atlrwq @fdﬂﬁtfﬂ%g% 68 %%@M'ﬁ@@“?@g@%;ﬁg?srn%ylfmyo npar ed
to the w Ia@ff{ tc%ﬂ%iﬂtﬁ%%fﬂ‘?%%%‘ﬂ%l?d&&e MI gﬁ?f& fr@@&rﬁlo %ve?snn'ﬂe%uﬁﬂsed

frequency ositrve ce sduce
| - 1Bc18- Ot daﬁﬂnmmeﬁobatumam DatyEhTaR tb@’hé‘i\)r Hbf\s’\QQ\?béB !—Mwéa%ed T

R s e R e L o
HBc18427 BgBkh&§pes And hecrerreseyrtsecdby £18§/and fbuefs&hxdiahed\eﬁf;ent [EN-y

production by the T cells. C183 T cell clone was found to be able to recognize

the HBc18-27 epitope with high sensitivity (< 1 pM) from genotypes B and C or

genotypes A and D and the epitope was recognized almost equally when

presented by the three most dominant HLA-AZ subtypes AC201 (A), AD206 (B)

15 and A0207 (C).
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 transduced (negative control) or transduced with the
HBc18-27 A201 TCR comprised of VB8.2 and Va3 chains. PBL were stained
20 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+=21), 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

25  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



cells were then labelled with anti-COB PE-Cy7 and stained for IFN-y by
intracel lul ar cytokine staining. The results denonstrated that there was
nearly a 17 two fold increase in the frequency of | FN-?/: ‘ﬁgsi é}%}e T cells

t r ansduceWQRWH13BE HBC18- Opt - TCR conpared to T cells £FanSEl P th the
HBc18- WI- TCR. The increase in pentaner positive cells correlated with an
increase in functional cells able to respond to peptide |oaded target T
cells. 5 Figure 12 (A) EBV transfornmed B cells expressing HLA- A0201, -A0206
or - A0207 subtypes were | oaded with increasing concentrations of HBV

genot ype Al D HBc18-27 epitope (sequent® provided in Table 1) and
co-cultured with HBc-18-27 TCR transduced T cells for 5h. T cell activation
was neasured by intracellular cytokine staining for IFNy. The results show
that the HBc-18-27 10 TCR transduced T cells recognize the HBcl18-27 eptiope
present ed gy taul dall pherfadeA- Péntsmit yaredysidishoned1 that BpnigBkIBeA 8123t diGkd B

|1 i A- A0201, -ApP206 - . AQ20 b ith
Chor eac! neEBHiH T selloRu s tEPeoaRyie & R BEIS S RaRB0 Be lences
provi ded iHpchabbeARD1 apcEie-pRntdriseandvtiidt thé dHBed 1B cRaing GRerer @opeiiced T
cells for 5h. T cell activation was measur e?ﬁ‘&%{él' n%a%el%%:gar éyt ki ne
stai ni ng fgired @ the gellesyriace No RKIDG: WP 9@ 40 MpCkArgRsgUEed ket ced T
cel | s éig%%g%&%fﬁe HReLBorR 4 KRl RenBF RARANASS ALAME hb@iteHLA- A2 subt ypes.

Fi gure ow the results when HLA- A2+ 12 cells were | oaded with each

20 of the nutant peptides of HBc1l8-27 epitQ and co-cul t d wit

HBc- 18- 27 FiatRe 7 égégﬁh@éﬁ thecres ff%ﬂue@CE.Ofﬁg%TﬁdP@@%g"rﬂ”ﬂ BRI mut ant

pept | des WaSoAlE) ShBeaY defiracEsw mACY (a1 Bspisy/milni el bOFBLRL: y.  The
of the tides ar

sequences mut ant pe e $r60w ded in Table 1. As can be seen
from the chsarit $BY metieBts (8 7DNAR<t t&insepie¥mir cHNs IndiedBgnPeed % ari ous

Control wiaratisd ViR TR ohafrl PRicesk e eny (R I Ao REHOT Pttt 01 te.

18 expopessindthealtay dohdmrse HBV genone (HBV- Hep&2) or the parental control
cell line (CGrl-Hep&2) at Effector:Target ratio of 1:1 for 6 h in the

presence af Prapjdi um | ogli ' 27 S A 1 +.

Recul s af @t DTS Ol Gp s bquaions EEER7 FEI0 eI, (htGor”

consi der ed teliPerohts hBalhy, @dBek) shirtetBVieshtients (HBYcBNAUPadOcyt oki ne
staining after stinulatign.with pepi,i ul se l.ls.,-Ehe. r ts showed
That | HBe180BPSaR A1k AsHABAE Bl HEKRRlATY (HBY BB 3 1d e TN
endogenousin BERIESS thRMherbeeMs palre@teinsdactetl TEOR s eRerelBdl Baually pept i de.
Figure 13 (B) D OC | abel ed HOC cell |ines (HepG2, SNU 387, SNU 368) were 10

| oadedswi wellinchwsig HEVortieatsiang healdys1onAst 18- 27 pepti des and co-cul tured
with HBc-18-27 TCR transduced T cells at Effector to target ratio of 1:1

for 6 h i 'P-'ig%n@ PR 8AGRs The FIADS HnalPslsosf decdifl randdticag Wit ¢Bc1@e2T s were
D OC+/ P1+. Results” are representative of 3 experlgge_'géai. Effector T cells

wer e consigénedCRo tecarfirmy g obe popycet P e G NEasa fEoigna
cytokine LAl mi N9 A& efansduced or mock transduced T cells were co-cultured

overnight with HLA-A2+ T2 cells which were first pulsed with HBc18-27 peptide

20  (“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, HBe18-27 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

25 stimulated to produce IFN-y, TNF-q, and IL-2 following co-culture with peptide
pulsed T2 cells (botiom 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.



15 stimulation with peptide pulsed T2 cells. The results showed that
HBc18-27 TOR transduced T cells are able to kill multiple HLA- A2+ HOC cel |

lines. Fiqure 14 (A) shows that the EIl 0-1D T cell clo -79 TCR
transducegvor2ﬁ8’¥?316é7f‘ recogni ze HBs370-79 epitope | oaded‘pﬁfﬁéi\@gwggcel |'s.
E10-1D T cell clone is nmade according to the nethod provided in Exanple 10.
20 T2 cells were |l oaded 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 maxi mum r esponse to normali ze
differing frequency of each line. The/*esults show that HBs370-79 specific
TCR is functional. 25 Figure 14 (B) shows that H 3s370-79 TOR transduced T
cells recogni ze genotypic variants of the HBs370-79 epitope (The sequences

of the genotypic variants are provided in Table 2). H6s370-79 TOR
t r ansduceigiire &l (B shews thet HEcl 8170 TGR; angdncag 7 Felle BpmschreaigeldB¥i th 1

pg/ M peptide of each ge j | ssed by
CD107a | ab8 "?r?ji@ %ﬁoe%{agy ﬁﬁ'h‘é%?‘é’“r }(?ﬁh%&hééﬁgt%p@%%?ég%gc enc@ﬁ‘g’re

i denti cal TNEhe ahasW2 sosithencsiratroniBs Beakin9 SspBeirbi-cchTomre kB ratizats
genotypi c variants t he HBs370-7 iLf ope. tail.ed. desgrhpid of the

i nvent i on('ﬂ%}/tﬂ)’%g’r g@h‘?@‘?%‘f“ r@ﬁgngﬁgﬁg’i gwgaBmgMPeaqigﬂgssé-ln%\P?pl\g%i<fi cation
are fog cap¥emhiedr) areshedni Thé hesiiiersibafthat Ticells thngdtfoetiariteldBah@t added at
the end of the exanples. The whol e content of such bibliographic references

mp .
i s her ei n27fe8IpdeRbeaome mdtitngtenal. pefiniti ons 10For convenience, certain
ternms enployed in the specification, exanples and appended clains are

col | ect ed Fhgrg o Jasvd eaflifepBf HE018°27 SCRerahstudeli Medild Gobeheditty wher e
the various conponents, ingredients, or _stg(g gf_an be conjointly enpl oyed
in practi endgheamic fBYaienisraamarsd © aigbel féﬂ y CellgO€er m " conpri si ng”
enconpasses the nore

Figure 9 (A) shows the results when IFN-y+ CD8+ HBc18-27 TCR transduced T

10  cells and G183 T cell clones were co-cultured with T2 cells pulsed 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 (HBY DNA > 107 copies/mi), and 5 HBeAg- chronic HBV patients (HBV
15 DNA < 10° copies/ml) where C183 is 100% specific while TCR transduced cell
frequency varies. Results show that the affinity for the viral epitope of CD8+
HBc18-27 TOR transduced T cells derived from patient T cells was identical
when compared to the original G183 T cell clone and recognized the epitope

down o concentrations of 0.1 - 1 pg/ml.

20 Figure 9 (B) shows the results when IFN-y+ CD4+ HBc18-27 TCR fransduced T
cells and C183 T cell clones were co-cultured with T2 cells pulsed 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 HBY

25 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 fo C183 but 50% of HBc18-27 specific T



15restrictive ternms "consisting essentially of' and "consisting of." Wth
the term"consisting essentially of' it is understood that the exogenous

TCR pol yp @ or pol ynucl eotide according to the Pt@)é@%gb/@@m
"subst ant 3’2‘?? Sflﬁgrrprl ses the indicated sequence as "essential” elberrent.

Addi tional sequences nmay be included at the 5 end and/or at the 3' end.
Accordingly, a pol ypeptide 20"consisting essentially of' sequence X wll be
novel in view of a known pol ypeptide accidentally conprising the seqguence
X. Wth the term"consisting of' it iggunderstood that the polypeptide

and/ or pol ynucl eoti de according to the invention corresponds to at | east
one of the indicated sequence (for exanple a specific sequence indicated
with a SEQ ID 25 Nunmber or a honol ogous sequence or fragnment thereof). 20

The term her.ei

Fecomi nade TR AcufpieE oL 106 BERh ARt e Tag FEdlelE AR 2 TBR genous
codi ng sewedn@ﬁyfsemsmeT@Ren imtheaaliseaod afthetmeSldBvee@ntbﬂpe reactive TCR may
be expressed in a cell in which the TCRis either not natively expressed or

i S expres a res by the
ol | or - ar e 0 EREInb Mprals b ottt € et ROMMER Brirared ffhen » 1 <
her ei n defild é¢pealdBatB-WLdMH.et e or isol ated portion of the fuII sequence of
t he HBV epitope-reactive exogenous TCR which conprises the active site(s)

t hat conf C the aracterlstl t|on of 10 the
HBV ep‘?t oggﬁ r eggt(ﬁgge}%o@gggtr%ﬂ Fﬁ PEEad BE?*E ﬁirF&y eMsMeFker by at
| east oneHBE¢8ABTITGR cmncﬁﬂ‘lBtﬂiSa@pﬂTCM)Itranscﬂwa lFlBLUb@ﬂs Fagyenag nemnt

conpri ses t| ve site t hat I e the HBV epitope-reactive exogenous
TCR to reygg % é"? ke%}""? ﬁ&imz%@%éféﬁape/éﬂ%cﬂu&B% The

term” HBVtr@r}mdLQQQ-céthl ve T Cell Recept or (TCR" is herein defined as a 15
TCR whi ch binds to an HBV epi tope in the context of a Mjor
nol ecul e to i nduce a hel per or cytotoxic

Hi st tibiljt
response R A0 (B ERERpiEe CERParREN  dumispRERREIoTORVE) A MEBLIGTod. t ho FEV

epi t oge NEBcERWBOOR ardd HEMIBSOMOTORY [ V, jconpri se
t he sequencg of SEQ IaD NO. 25. T;bfeTrng\t/FéQQ%%éd T%ﬁsh\%?@ﬁg%%‘@s%re in

pe
parti cul &, eXPhessigsy @@a%ﬁpﬁf@&ée%*?t%ﬁbKMfﬁ ﬂohéfﬁfe‘qwhcwaefusﬁEQThé) NO: 56,
SEQ I D NQe§JItsorsh§ﬁQtHa@ Nee8vas no significant difference in the level of VB8

expression between optimized and wild type TCR fransduced cells.

Figure 10 (C) shows the resuits obtained from HBc18-27 HLA-A2 specific
15 pentamer staining. Cells from each group mentioned above were stained with

anti-CD8 and HBc18-27 HLA-A2 specific pentamers. Nearly a two-fold increase

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
20 construct compared to the wild type sequence.

Figure 11 shows that there is an increased frequency of IFN-y positive cells in T
cells fransduced with HBc18-Opt-TCR compared to HBc18-WT-TCR constructs.
Mock ftransduced T cells, HBc18-WT-TCR and HBc18-Opt-TCR were
stimuiated overnight with HLA-A2 positive T2 cells which were initially pulsed or
25 not pulsed with HBc18-27 peptide, in the presence of 2 ug/mil brefeldin A. T
cells were then labefled with anti-CD8 PE-Cy7 and stained for IFN-y by
intracellular cytokine staining. The results demonstrated that there was nearly a



The term "HBc 18-27 epitope” is herein defined as an epitope that can
stinmulate HLA class | restricted T cells. It may be used interchangeably in
the present invention as HBcl8, HBcl1l8-27, HBcl8-27 pepd pepti de.
The 25 se&i?e%‘?ggéﬁgﬁmt he epitope nmay be " FLPSDFFPSV" (SE%?%;%EO%%Q In the
present invention, the term HBcl18-27 is used to refer to the HBcl8-27

epi tope of genotype AID preval ent anongst Caucasi ans of sequence SEQ I D
NO 25 WO 2009/ 136874PCT/ SG2009/ 000165 21 unl ess otherwi se stated. The
region of the T cell receptor that bi r]/ds to the epitope is referred to as
HBc18- 27 TCR or HBcl8 TCR The term "HBs370-79 epitope” is herein defined
as an epitope that can stinulate HLA class | restricted T cells. The
sequence of the epitope may be 5 "SI VSPFIPLL" (SEQ ID NO. 56). In the

present invention, the term HBs370-79 is used t,g rﬁ%er to tae .HB%370-79
epi t ope otwyEH@inaseass i the dpaueRey ahbiNy¥ oelive s relisirarsdicstdrite8eQ 1 D

NG 56 unl LRI t&fho ThENS #9hQRicel wiltethE 19BE18-eEeRRoIThehat  bi nds
to the epﬁgggg %%ﬁ?m éjt?gtoas HBs370- 7118 _TCRE. The term

" | mmunot hincegasetin pehlaynasfoosttive cellapeielatedi withhap dgrears Ndepctissabee!tsto anount
whi ch res i i i actic or therapeutic effect in

t he subj eg%l,%sf?.rgsg%ﬂgﬁggggﬁ%%ﬁt%%?%HB{M?PP”%revent or reduce synptons at

| east 50% conpared to pre-treatment synptonms or conpared to a suitable
controb. Figera d2nfA)i BBY drargforimedhBredlls erresriog d8-ArABRBT oh &8I @brmponent

(such as | ej [ eptlde..ot el qaH\/ tially
separ at ed,ﬁog@fﬁ%’%@ﬁ%ﬁ%é gc%ai)o[ Sglr%]}? ]%c?é%tiﬁé ? %)géiggba\at@ﬂ? rogm 0 ?eépébfiﬁgl ogi cal
conponent 8/ HBHS-22 lebitope t(hequ@nganirevided inhTathlet heand mpendotechatthr al | y
~occurs, i,e., 0 hr onpso and.extrachrpnosomal DNA and R and

prot ei ns. H%Gﬁlaééi?ggyé,r)%&?ﬁ%ﬁ% %Fgfé’ﬁﬁéca%% Wﬁ\slerﬁ%%sé'ﬁg%\ggl at ed
t hus i ncl pgacamsietBoldss dsaipng fBr GEivISTHeurdslitedhby BiadnicaHBEUB-27i cat i on
met hods. The term al sg . , ,

10  TCR'transduced T cells recognize the HBc18-27 eptiope presented by multiple

HLA-A2 subtypes.

Figure 12 (B) EBV transformed B cells expressing HLA-AQ201, -A0206 or —
A0207 subtypes were loaded with increasing concentrations of HBV genotype
B/C HBc18-27 epitope (sequences provided in Table 1) and co-cultured with
15  HBc-18-27 TCR ftransduced T cells for 5h. T cell activation was 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
20 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-
25 27 eptiope. The Unstim 1 and Unstim 2 refer to the control where the HLA-A2+

T2 cells were not loaded with any mutant peplide.

Figure 13 (A) TCR transduced T cells from each patient group (healthy,
HBeAg(-), HBeAg(+)) were co-cultured with DIOC labeled HepG2 celis



20 enbraces nucleic acids, peptides and proteins prepared by reconbi nant
expression in a host cell as well as chemcally synthesized nucl eic acids.

The term {E?Jﬁlﬂg connected" herein defined as a funcipi@Rabacbbitiaoe
bet ween re‘g ory sequences (such as a pronoter and/or array of

transcription factor binding sites) and a second nucl eic acid sequence,
wherein the regul atory 25sequences direct transcription of the nucleic acid
corresponding to the second sequence. 22 The term "nutant" or "mutant
form of a TCR epitope is herein defined as one which has at | east one

am no acid sequence that varies from | east one reference virus-encoded
sequence via substitution, deletion or addition of at |east one am no acid,
but retains the ability to bind and activate the TOR bound 5 and acti vated
by the non-nutated epitope. In partlcu

ts [
occurring epresgingbiber eteiRd engmsr "’s,%l\ﬁ'“’?@ﬁ a‘PrI egﬁ’%fﬁg%g&mtfﬂ!ac#éa Y
"sol ubl e JCR @t%%?ﬁz) %tdﬁffe&%FjT%eﬁ S lebblm (Res et adthd reaacet be
n

menbr ane bou I's the ndlecule that is responsible for the T
cel ' s recogpidivnonlodidet HBNanPyigentarget welle hwete i BIQGEEIt.i Reslifis| 8¢ sol ubl e

;?;grgnrr{e;t ;S%%’gﬁgrgt@% 8!1";%S§>80§| QCII:' %‘E@éi!?%&e%&%‘?&erb@% pd 1F@cogni zes

C|a ecul es whil e anti bodi es
recogngze dmm%emwetenﬂmad\wommq@mmcytoksna q&anmcaﬂaaﬁtlmuwéionsfaﬂht ed

pol ypeptide of the pr Sen venti | ubl e

TCR usi ng PER{d ﬁ’r@t‘ﬁ@a 1%189\,# Hﬂetrﬁﬁmérﬁho‘%gb@a?%%p%a%g cﬁp %gjcggls[ﬁbl e TCR
may bind tg)d Ban Mﬁpﬂ&@zeiﬂﬁn@eﬁ%m diRD3 2Ry embespeBY prBidinsThRateer m
"subject” is herein defined as vertebrate, particularly nmanmal, nore

par ti cul algagedumithtnerdBY Jgr4/oB¥YIF research, the subject may particularly
be at | east one aninmal nodel, e.g., a nouse, rat and the like. In

par ti cul ag [r8r1 3 (5 BUCTRibelROALE cdihesdaiepB2; SHUCE, SER A63pme- Chai ns
may be sel ected 20 based on species. In E@m; gzr ses tf‘i} ransgeni c .an
expr ed8i npanedanitivHOSRaBEE ASEREFIORS S &&/upeptides, and, SPr Y %Cg‘gl fic
aspects of 4 henprasenycRWENIURBd T cells at Effector to target ratio of 1:1 for 6 h

in the presence of Propidium lodide (P1). Dying target celis were DIOC+/PH,

Results are representative of 3 experiments. Effector T cells were considered to

be IFN-y+/CD8+ cells determined by intracellular cytokine staining after

15  stimulation with peptide pulsed T2 cells. The results showed that HBc18-27
TCR transduced T cells are able o kill multipie HLA-A2+ HCC cell lines.

Figure 14 (A) shows that the E10-1D T cell cione or HBs370-78 TCR
transduced T cells, recognize HBs370-79 epitope loaded HLA-A2+ T2 cells.
E10-1D T cell clone is made according fo the method provided in Example 10.
50 T2 cells were loaded with increasing concenirations 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 show that HBs370-79 specific TCR

is functional.

25 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/mi peptide of each genotype



A person skilled in the art will appreciate that the present invention may
be practised w thout undue experinentation according to the nmethod given
herein. 25 The net hods, techni ques and chem cals are ag ?/@ﬁ%ﬂb/@% tsqi n the
ref er enceVYrY¥EH from protocols in standard bi ot echhol'ogy "and ol ecul ar
bi ol ogy text books. 23 In one aspect of the present invention, there is
provi ded at | east one isolated cell conprising at |east one HBV

epi t ope-reactive exogenous T cell receptor (TCR) and/ or fragnment thereof.
Such cells may be suitable for use in adoptive transfer protocols to
provide a particularly effective mode'®f treatment. The 5 isolated cells of
the present invention may circunvent the problem of deletion and
sub-optimal function of HBV-specific CD8+ and CD4+ cells which may be
present in patients with chronic HBV infection. In particular, the TCR from
a pati ent fartoh eedactiveticrheasBssasape dui O 1 863 [aheling eadstainibgifPetiN-Yhe

speci fici of th iC ' ransfer. 10
hpart o neaBuEeh. ¢ LRI GR e BN THD A Bak S Rl LRSS

t ransduci sgegitic TERstecomezésgdratiguc vetidntaiof theorBsarO-#8epitppeynucl eot i des
encodi ng functional a- and/or 13- chains and/or pol ypeptides of functional
a- and/or 13-, chain a le to format |east one functional

HBV- epi toﬁ’%@é@ﬁ@éﬂ%@%ﬂ'ﬁﬂgl ar, the isolated cell may be isol ated
using any technique known 15 in the art. Mre in particular, at |east one
cel | isol Bthliographtc, rBferendosPanerdictedsiin ythgr aueeant ceacificatiggataren forBD

FACSAria Cell Sortin fe n 1e i (eI e cell.
The i sol a?%@’e@é?qceéﬁ%cﬁé%%? ﬂ%@a té '(?)Sﬁeo fé%fgg{%ég%gdce I d a?.ﬂlé. ghgtﬁgaﬁeﬂay be
derived fegamples! casd vinde sedvitedt of hauchminbliograihice refezenessulis ameretr ansduced
or 20trangsforned c%lls In particular, the isolated cells may be derived
fromthe PEPTRNAESPYHRESENIS mhocyt es and/ or hemat opoi etic stem cel |'s of
the subject. Mdre in particular, the isolated cell may be at |least one T
cel | that pDefap@bety expresses at | east one CD4+ cell surface nmarker, at
| east one CD8+ cell surface marker, both CD4+ and CD8+ marker or neither

+ cell 25 surfac

Che. oTBscFor Faihie . AiphRERaF dSbbyal In iR Pt Ratol Sffabo RS ' 1 ©

expr essesggperdRAdaitReard BlectehbiBVr eact i ve exogenous TCR may bind the sane
epitope as the natively expressed TCR, and/or may bind a different epitope.

'n part] C%ilwg ' hqcbn%?a/ﬁéir?g‘pti'svﬁerein defined to be that where the various

t
ferm
components, ingredients, or steps, can be conjointly employed in practicing the
present invention. Accordingly, the term "comprising” encompasses the more

15  restrictive terms "consisting essentially of" and "consisting of.”

With the term “consisting essentially of’ it is understood that the exogenous
TCR polypeptide and/or polynucleotide according to the invention “substantially”
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
20 “consisting essentially of’ sequence X will be novel in view of a known

polypeptide accidentally comprising the sequence X.

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

25  Number or a homologous sequence or fragment thereof).



24 exogenous TCR nmay be expressed in at |east one cell in which the TCR may
be either not natively expressed or may be expressed at |evels that may be
insufficient to i nduce response by the cell or respond TCR

li gand bi TP A% parti cul ar, the isol ated cell accorgpﬁée%&mwﬁgpbresent
invention may be 5 transduced with two or nore different HBV-reactive
exogenous TCRs, i.e., TCRs which bind to two or nore different HBV
epi t opes. HBV-exposed patients who have cleared their viral infections, my
provi de excellent source of HBV-reactive T cells expressing high affinity
TCRs. In particular, HBV-epitope reactfve TCRs may be prepared by isolating
at |least 10 one HBV-reactive T cell fromat | east one HBV-exposed aviremc
i ndi vidual, and cl oning the pol ynucl eoti de sequence encodi ng the a- and
(3-chai ns of the TCR fromthe HBV reactive T cell. Once these sequences
have been Tdiederd "exaaegoys dneklk i¢capioRddSRnL Areim defieechas a repembigHEnces may

be deliver t e i s.0l Sdehiiche y be
i ncubat ed %e\gh@gnl I %?(%m%%% @wa?tg%ﬁe ébtrexprtfggspgﬁ&@bﬁﬁuge%g ﬁ@
i sol ated cselqhenctdsr forian gt Irc phadicularhthes biBvabp#opsrasidtive nECReayal nes ude

Vi vo, t ne Seeresci g L eBR Y ot pe R U8 Boar ek aPRY PRt L WS 1 vy

epi t opes, e&ﬁ%@e@dﬁ%véﬁ@tlﬂf@r@rzssmfuclemttterledmce asrelspnm bp théeelrdr aand as

exenplified below. |n so r ot qgol e., those wherein the 20 vector may
be admi ni g@%q(g@efgelli@pqrggéﬁq 83%15% the TCR may al so be expressed in

vVivo to provide a therapeutic effect in at | east one subject in need

t her eof , iThe.termtfrageasit” Rritereinjefinkd wistdm iacormhplets ocisblated pbiivnioftrect i on or
HBVassoci ated conditi The HBV-reacii ve TCRs rding to the present
et on MiESe@net AL e AN arfope renane éspasm LoR Wl shoprerediany be
expressedaclit BiRd(L) Hiat %nfewme §@queh@e W’h%b%'ra&!@ﬂiﬁfc@fﬂrﬁeﬁuﬁcﬁﬁn af and p
TCR chai ns associated with a | ex that recogni zes at | east one HBV

epi top@ i #ha H@Vc@ﬂm@ﬁtreaﬁw@texcw@@% eRalngarticul, Emaysbe shamies MbPecul e. In
humans, tr@a%né%uc%ﬁ&é%‘i"aﬂﬂnﬁ c:ibt l\hcﬁ@%iﬁ%ﬂﬁ:uﬂ}' il%og?aggﬁénpéorﬂﬁﬁﬁbde”t on
Human ocyte

at Ieast one particul ar en (HLA
2009/ 1368%@@?11@@6@1(1@611@5&95 the HBV epltope -reactive exogenous TCR to

recognise the HBc18-27 epitope and/or the HBs370-79 epitope.

The term "HBV epitope-reactive T Cell Receptor (TCR)" is herein defined as a

15  TCR which binds to an HBV epitope in the context of a Major Histocompatibility
Complex (MHC) molecuie to induce a helper or cytotoxic response in the cell
expressing the recombinant TCR. In particular, the HBV epitope may be HBc18-
27. More in particular, the HBV epitope may comprise the sequence of SEQ ID
NQ:25. The HBV epitope may be HBs370-79. More in particular, the HBV

20 epitope may comprise the sequence of SEQ ID NO:56, SEQ 1D NO:57 or SEQ
ID NO:58.

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
25 sequence of the epitope may be "FLPSDFFPSV” (SEQ ID NO:25), In the
present invention, the term HBc18-27 is used fo refer to the HBc18-27 epitope
of genotype A/D prevalent amongst Caucasians of sequence SEQ ID NO:25



expressed by at |east one cell presenting the antigen. HBV-reacti ve TCRs
that nmay recogni ze HBV epitopes restricted to any HLA type (i.e., HLA-A
HLA- B, HLA-C_ HLA-DPAl, HLA-DPB1, HLA- DQA1, HLA- DQB1, /tﬂﬂsq HLADRBl)
may be us&??"ﬂg’t%@“pr esent invention. For purposes of s dy, e HBV-
reactive TCR may recogni ze at | east one HBV epitope in the cont ext of at

| east one MHC nol ecul e of at | east one species other than human, e.g., H 2K
of nouse. In particular, the HBV-reactive TCR recogni zes HBV epitopes that
may be HLA- A2 restricted. Approxi mat Jy 50% of the general popul ation
expresses the M-1C 10 class | nolecufe HLA- A2, an HLA- A serotype.
Therefore, HLA-A2-restricted TCRs may find w despread therapeutic use. In
particular, the subtype may identify gene products of many HLA- A*02

alleles, conprisjng HLA- 2 *0202,. *0203, *0206 *0207 gene
product s. URSFePt Hﬁ'g”‘%% Séﬁ%g %é? ragioperletited ¢all fef?@ptﬂﬁgtf‘%@?%e

Caucasi an capch& ! rafbrRePH AHROB-2 A TCNET 18B818PCR. t han 95% of the HLA- A2
positive Cauca5| an popul ation is HLAA0201 the HLA- A2 positive Chinese

popul ati on maé6 br oken dovvn i nto 23% HLA- A0201; 45% HLA- A0207; 8%
HLA- A0206:Thg3temm AHRE2 0379 TRitopeRsiS ohefei dsfiBednes | v &nitepR hay e

HBV- epi t Oﬁﬁmb%%&tt-lL\ﬂ?ca'QSH'ré&tr;@tfedk'ﬁ%@ﬁs | THBIBBGaS YeiEPpiRRe! ABgDeand thei r

sequences h}/ found E 233, chapter %The effect of pathogens
on thedi nm@l @%‘S}BLb’hﬁSE@HAINOI Pt thespreéenitfn‘eewmk NentermrhiBdT ST hisnce: The
choi ce of graedin} t r whi ch
is herein %%ggér) pora?gﬁ}ﬁ%yﬁg}’e erenccﬁtbtfﬁgbﬁ.‘l—gtﬁ?‘?)%ﬁ{e Op%%géigﬁvn%ﬁ?bgé{gg | east
one core Satcgsans ehsajuspee SHQ §o NOSorness dhewgmtsmhfeﬂ orhemggiont of t her eof .

o goar b 8o B T OB R SRR bR 1o B EAEZE TR (0 Do

conprise HBcl18-27, and/or nutants thereof. The HBc18 27 epitope may
conpri se Th&REDRFREMUNOCBE pddilNEI? Effeciivematrening’ tshbprid .defioed hes mor e, t he

26 HBc18-27 e ent i n_genot A.and .D . whi ch cConpr LS

"L poti o tRHARR BRER Beyr Mlia miRie Ry Ponmutrliodtt FRHRmBIE B i 11 o1
f rom HBc 18- thé mdc@m«z Otfhagam@wvﬁfhfca \ail Ghrévartior hediioe Qﬁﬁi@tbrr%eat '1ELEISDFFPSI "
(SEQ ID NO. 26), are nost greval ent in Asi 5I'n r, the HBV

tic
ol ope. NBYCSITIAIGS (o Gar e oY HERARS 91 SOTEPERY 40 g0 BRI Bl and) or
nmutants thereof. Mre in particular, the HBV epitope may conpri se

H6S370- 79Thanghe risiitadt & h@@treaéﬁnadlgs%sﬂa?;zat EPinboRentRYIch Pl Se
"S1VSPFI PLL" (SEQ I D NO 56) or mutants thereo Furt hernore, the HBs370-79

epi t ope p’f“é‘%l@ﬁt agig, g%‘?ﬁtd?p@"AP"é’Fﬁi”b AL d}@sweeoﬁﬁtattgeﬂaﬂy separated,
15  produced apart from, or purified away from other biological components in the

cell of the organism in which the component naturally occurs, i.e., other
chromosomal and extrachromosomal DNA and RNA, and proteins. Nucleic

acids, peptides and proteins which have been isolated thus include nucleic

acids and proteins purified by standard purification methods. The term also

20 embraces nucleic acids, peplides and proteins prepared by recombinant

expression in a host cell as well as chemically synthesized nucleic acids.

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
25 sequences direct transcription of the nucleic acid corresponding to the second

sequence.



10 "SI VSPFI PLL" (SEQ I D NGO 56), which are nost prevalent in Europe, differs
from HBs370-79 epitope of genotype B which may conprise "N LSPFMPLL" (SEQ

| D NO 57 and egi t ope of genotype C which nmay conpri §@F;'SHMGNE}EM%LL" ( SEQ
[ r, th |

ID NO 58O &% e nost prevalent in Asia. In particular, the ce

according to the present invention may further conprise at 15 | east one
second HBV epitope-reactive exogenous TCR and/or fragnent thereof, wherein
t he second HBV-reactive exogenous TCR may be the sanme epitope as the first
epitope or different fromthe first HBV epitope. In particular, the second
HBV epi tope may be HBs370-79 and the 44 rst epi tope may be HBc18-27. 20 The
exogenous TCR may conprise at | east one a-chain conprising at |east one

am no acid sequence selected fromthe group consisting the sequences SEQ I D
NO 9, SEQ ID NGO 10 and SEQ ID NO 11 and/or mutants thereof. In particular,

t he exogefbedeMTRmetanst & bsutant fosed f enECER-HFNRIPS I8 Svbringeiged 78 Y¥quences

SEQ I D NO,9,. ,SEQ | : : j | auladst e a- 25
chain co E@eg%lé? I{'%%%@ﬂ%%@%%e&é? %@({)é%% %%Véﬁs\e%ﬁ?g %g .105 and SEQ I D
NO 11. Theeferatitai virsesnoooeprsespente vise gubsidelionf dagiipn pr ddddionspial D NO: 10

and SEQ | r 11 caqnsecutivel y.. | L0 cul - i ist 27
essenti al Eeg;\'\sgon@ ﬁé’""%‘é&ﬁ@nt@@e}&é@ ﬂlﬁoﬁﬁ‘@%@% ?EE%&%%Q%%T%; % NO 11.
Al segueRggsadiya@di by the npresaated epipil om parkcugary éne innutots| mey beand 2.
The exogenous TCR may furtheg cor@%i,se tft | east tonﬁ 13;gph§%jn conprising at
| east one NAMIAlY QRSUETTEERUBAY Be Se¢RRIRANTY, Y A BC85EY st i ng of the 5
sequences SEQ I D NO 21, SEQ ID NG 22 and SEQ I D NO 23 and/or nutants
thereof . hpePRfhi“etiiBle TR id Berdinidafingy ascaoluide dsdcretedpéorseqlithces, SEQ

comr i sc mekEqabaEd TG ieh b emalecued Al Kefiss s A o 23
Fhe 10 seq g R S e QR T DN 20 ALy o
10 analogous to a monoclonal antibody except that it recognizes fragments of
peptides associated with MHC molecules while antibodies recognize
determinants on a whoie protein. In particular, the isolated polypeptide of the
present invention may be used for producing a soluble TCR using any method
known in the art. More in particular, the soluble TCR may bind to the HBc18-27

15  and/or HBs370-79 epitope of HBV.

The term "subject" is herein defined as vertebrate, particularly mammal, more
particularly human. For purposes of research, the subject may particularly be at
least one animal model, e.g., a mouse, rat and the like. In particular, for the
animal models, the sequence of the TCR «- and - chains may be selected
20 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.
25  The methods, techniques and chemicals are as described in the references
given or from protocols in standard biotechnology and molecular biclogy text

books.



In particular, the exogenous TCR may conprise at |east one a-chain having
at least 80% amno acid identity to SEQID NGO 12 or a fragnent thereof and/

or at Iea§; %Q rré -chain having at | east 80% am no aci glcj/6@abd/do¥ics0 SEQ I D
NO 24 or X% Z Ht thereof. In particular, the a-chain and |3-chain may be

at | east about 15 85% at |east about 90% or at |east about 95%i denti cal
to SEQ ID NO 12 and SEQ I D NO 24 respectively. Mre in particular, the
a-chain may conprise all sequences SEQ ID NGO 9, SEQ ID NO 10 and SEQ I D

NGO 11 and 11-chain may conprise all guences SEQ ID NO 21, SEQ I D NG 22
and SEQ I D NO 23. The exogenous TCR rrAy conprise at | east one a-chain
conprising at |east one 20 am no acid sequence selected fromthe group
consi sting the sequences SEQ I D NO 44, SEQ ID NO 45 and SEQ I D NG 46 and/ or

mut ants thereof. In particular, the exogenous T st one

- chai n donpnd sepRetidfdhs ayeRar dyesien) BEROMETOVERS FLeRE i MRFEED | D

NO. 46. I | &n SE
6&@%@@% I@Ewg %%g@%/ % &F@Eﬂﬁé%@géﬁéué hr @sil segperces, SEQ

| D NO 44, NO 46. The a-chain na rlsethe
sequences(T@R)Sﬁ@I/ldeM@mmt tigEepf SUN@G%S@W gauitapl N@M@S%%h%%'t Pvely. In

parti cul t.he a-.c ﬁﬁ%ﬁn h ginesHzeTheEQ |1 D
NO 44, S I%N@mzf C@ﬁgog%évﬁ%wh Egggt\beénﬁ.@gbugfe%l n_the present
i nventj onsglesdc¥ENof thelpkkerst inverdiod @ay cinoupyest theeppbleaTrEdeldor000165 28

Th TCR furth t
| oast onchpHeoatg Latrienes BBl Fps Tl CEPE, ReR hPa AP L' 17

sequencesp presehi [P leié%s vﬁmzh hBnNCHEY mtns&qn paNioubs, edTER fromaat s
t I t t 13- t , SE
|55 No, spatieyonoRane oV Pio ey e r g o o dh SoRaTne:  ray
SO eeut: Ry mBHaREE Sf aimﬁé%@pa@rﬁafms@wany@wa and SEQ I D NQ 54

consecuti veél re itn particular, the 13-chain may consi st essentially of
the sequences SEQ I D NO 52, SE NO 53 and SEQ I.D,NC, 54, articular,
t he eXbgekourarticiaial B&o‘i@ﬁﬁ'\éeegcﬁ@ TSy Hife RLCRHEMN %Ifaﬁaff’ém'”% dr

transducing at least one isolated cell with one or more polynucleotides encoding
functional a- and/or B- chains and/or polypeptides of functional a- and/or B-
chains that may assemble fo form at least one functional HBV-epitope reactive
TCR. In particular, the isolated cell may be isolated using any technigue known
15 in the art. More in particular, at least one cell isolation kit, Ficoll-Paque 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 autclogous cell, Le., they may be derived
from at least one subject that may receive the resultant transduced or
20 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 thal innately
expresses at least one CD4+ cell surface marker, at jeast one CD8+ cell
surface marker, both CD4+ and CD8+ marker or neither CD4+ nor CD8+ cell
25  surface markers. In particular, the cell according to the present invention may
be at least one T cell that also natively expresses af 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 particuiar, the HBV-reactive



10 least 80% amino acid identity to SEQ ID NO 47 or a fragment thereof and/
or at least one 13-chain having at | east 80% am no acid identity to SEQ ID

NO 55 or 65 g thereof. In particular, the a-chai '
4 ) BcaRd2dedn6dlad N nmay be
at | east §¥) u@ @%‘?o at | east about 90% or at |east about 95% i denti cal yto

SEQ I D NO 47 and SEQ I D NO 55 respectively. Mre in particular, the a-chain
may conprise all 15 sequences SEQ ID NO 44, SEQ ID NG 45 and SEQ I D NG 46
and 13-chain may conprise all sequences SEQ I D NO 52, SEQ ID NO 53 and SEQ
| D NG 54. The sequences encoding the g;chain and 13-chain have been
determned to be the am no acid seque%&:e for at |east one productively
rearranged a-chain and 13-chain respectively of a TOR reactive against HBV
epi t ope HBc18-27 and/or 20 HBs370-79. More in particular, the exogenous TCR

reacti ve agai nst HBV epitope HBc18-27 nma ' .l - i
AR T R ey Al S ot N T
particul a@fﬁéﬁﬁyﬁﬁ%@@%?%ﬂ cteBEhde roakhebséiB\atepviigpthatiBed3-ty may

consi sts essent | / east one a-chain 25 of SEQ ID 12 and at
| east oneirBuliicisnt tofinBEE Tesonze by tireced asgeppordergell Wwri y&@ ﬁ%%ﬁ st HBV

epi tope HBcl8-?2 ) st | . ] in.
oP' | 222, "Bibeh o SRR SaRIs A Ry 87 8 e ppant R 80 12 anc
200911868 T4REIUGAR MR/ DRODEINAR tifferentoBNoEaCceR axegendue T4d3s nist- HBV

epi tope HRehd: 2l M Bnd B R0 % rifre!diferdnf ARV KDiBREs t wo (3-chai ns.

HBV-exposed patients who have cleared their viral infections, may provide
excellent source of HBV-reactive T cells expressing high affinity TCRs. In
particular, HBV-epitope reactive TCRs may be prepared by isolating at least
10 one HBV-reactive T cell from at least one HBV-exposed aviremic individual, and
cloning the polynucleotide sequence encoding the o- and B—chainé of the TCR
from the HBV reactive T cell. Once these sequences have been cloned using
standard methods known in the art, the sequences may be delivered fo at least
one isolated cell and the isolated cell may be incubated under conditions
15  suitable for expression of the TCR by the-isolated cell. More in particular, the
suitable conditions may include standard cell culfure conditions. When the TCR
is expressed in vifro or ex vivo, the cell expressing the TCR may be 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
20 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
25 the isolated cell in which they may be expressed. In particular, they may be
functional heterodimers of a and p TCR chains associated with a CD3 complex
that recognizes at least one HBV epitope in the context of at least one Class | or
Class II MHC molecule. In humans, the MHC restriction of at least one epitope

may be dependent on at least one particular Human Leukocyte Antigen (HLA)



More in particular, the exogenous TCR reactive agai nst HBV epitope HBs370-
79 may conprise at |east one a-chain of SEQ ID NO 47 and/ or at |east one

f3- 5 chaj I D NO 55. Even nore in particular, phesexegriess TCR
reactive &3"?’&%‘?@3@ epi tope HBs370-79 may consists essentially of at |east

one a-chain of SEQ ID NGO 47 and at | east one f3-chain of SEQ ID NO 55. The
exogenous TCR reactive agai nst HBV epitope H8s370-79 may consists of at

| east one a-chain of SEQ ID NGO 47 and at | east one (3-chain of SEQ ID

NO 55. 10 In particular, the exogeno TCR reactive agai nst HBV epitope
HBs370-79 may consi st of two a-chains and two [ 3-chai ns. Percentage
identity may be determ ned using the algorithmof Karlin and Altschul
(Proc. Natl. Acad Sci. 87: 2264-68 (1990), nodified Proc. Natl. Acad. Sci.

90: 5873-77 uch al ithmi.s |ncor or at into Ix 15
progr am %Prﬁ 52/@& GASbAne & hlﬂr%?er?t'ﬁ%ﬂﬁ%a éﬁ%@eﬁgﬁgﬁﬁg@us to a
ref er ence gl yREGHILEHBV @91t@;5@§%§tndtéwwbh9ﬂ~lmyy;§é Sice. SRILAAMASEATER a- or
[ 3- chai ns_havin seqguences_inc i ng_conservative & no acid

e o A LA DA AT A DRSS e Ay Sndudt g og o
anot her ADRES m. O;hse l%@&%”thé pa@%eht I‘Pﬂetﬁ’cfd?lv'l’@?%uﬁﬂoée%ekﬁtstw tRO Hepl at ed

pol ynucl e npri si ng east one sequence encoding at |east one
a- chai;m ara#ichve 3CR E‘@S’ti’@mﬁﬂ!@qh@ﬁ&@nﬂﬁﬁﬁ&‘ gRjtope indbe @061'@& efatdrash

wher ei n, gﬁ%l Ve&@%aﬁﬁcpar ot 1t ofné 2l JRY- l’t’l"?arP"f%[uPn geagﬁh'}-ﬁéﬁt fone HBV

epltopere Icu e sequence enco e a-chain
conpri sesmmuskeast one 25 sequence sel ect ed from SEQ | D NG 1 and SEQ I D
NO 5, at | east one sequence selected from SEQ ID NO 2 and SEQ ID NO 6 and

o sy SNSRI IS SRS LCATSRRUA PR SR R oo the
from SEQ AD re@ficiyd ABpraritn3&1Q 300 NOtHE/geratrall pramiatonesxpeegsesdbe Mﬂ@ct ed from
"D NG5 At SEePRETROTA AP T e (MR 0 EATSR EESa ng ¢ he
a- chai n nugReomRYI it Rlifds gEeé\iOﬂﬁeraﬁﬁ@cl Dsé\larﬁpaﬂﬁ:uﬁEQtﬂeDsN&yﬁeamQ&OY t he
Zﬁg”gg&ﬂ %eﬁ%ﬁ‘{gén% ptrgdeuc S o?‘hr%egy WA~%QnEréJ%?es,SEc%nligxsll\lr% ]F-?LAj\E&ZéP NO 18

*0202, *0203, *0206, and *0207 gene products. There may be distinct

differences in the subtypes between Caucasian and Asian populations.

15  Whereas more than 95% of the HLA-A2 positive Caucasian population is HLA-
A0201 the HLA-AZ2 positive Chinese population may be broken down info 23%

HLA-A0201; 45% HLA-A0207; 8% HLA-A0206; 23% HLA-AD203.

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
20 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.

25 In particular, the HBV epitope may comprise at least one hepatitis B core
antigen, and/or mutants thereof. More in particular, the HBV epiiope may
comprise HBc18-27, andfor mutants thereof. The HBc18-27 epitope may
comprise “FLPSDFFPSV” (SEQ ID NO:25) or mutants thereof. Furthermore, the



In particular, the sequence encoding the a-chain of the HBc-18-27 epitope-
reactive TCR may have at | east 80% sequence identity to SEQ ID NGO 4 or SEQ
| D NO 8 a%%09/5£%43equence encodi ng the f3-chain of tRherkBewdBsdsh epitope-
10 reactive exogenous TCR nmay have at | east 80% sequence identity to SEQID
NO 16 or SEQ ID NO 20. In particular, the sequence(s) encoding the a-chain
and f3-chain nmay be at | east about 85% at |east about 90% or at |east
about 95% identical to SEQID NO 4 or SEQID NO 8 and SEQ I D NO 16 or SEQ

I D NO 20 respectively. Mre in particygkar, the sequence encoding the
a-chain may 15 be selected fromthe group consisting of SEQ ID NO 4 and SEQ
I D NO 8, and/or the sequence encoding the (3-chain my be selected fromthe
group consisting of SEQ ID NGO 16 and SEQ I D NG 20. The HBc- 18- 27

epi t opere i xogenous TCR.may ¢ rise two, aschat ns o) t he
sequence %@5%&@@‘3%8% PS5t BL%rggﬁﬁB/pgnaaaéw E@ wRKh Ig?%% PiSte in
parti cul arFLRSDFRPSY ¢BENIDANGD: @5 hwhizhrary rhestgirevsient ipyE ook ediffecke
sequences .t hat conprise the consecuti vesNggqueac shg,wg in SEQ I D NO 4 or
SEQ I D NOTBTaHESER27D SRR 67 SRR NG 28" ez“p_ew C0elY ERIRPTRST e i n
parti cul a"‘FLFb@@FPPQQ’EBE@?Iﬁr Q. 7BY, \p08s had ;osEseDhledl hya®h. at | east one
a-chain encoded by SEQ ID NO. 4 or SEQ ID NO 8 and at | east one 13-chain 25

encoded bé‘hSEg I D NO 16 _or SEQ I D NG 20., The exo%en us TCR ma onsi st of
at | ea®t #headicelasi hediBYRRECRY mrPmPiRS At asspap NSPRES Bt P8 east one

(3-chai n gRgade dakyoSFRItRsNP o0 VSR Balfdutdt, the WBYL b%wpﬁsr mdyhe
exogenous T may consi st of two a-chai ns encoded bégl%gl NG 4 or SEQ ID
.I

NO 8 and tamp(ise diasIH-Ehcaadar bpulsad Ioreeh TdeoHBs ROG® M3l | n
particul a $ ) i - i rise 40, SEQ
"D N0 41 SPRER B R oA, WO LB TRt Ryt

conpr i ses HBEQ70ISN@pit8pe SEGset NO. gotyral AEQd CONGhED. vy ecampifssr t i cul ar,
t he seqguer i = chal f. th Bs370-7 epi -r ive
xogenus JURTHG gt MEEBSE oflieh afe. Bect Waldiel, 7 &128% . 7R 15 and
L he [f- ?:hﬂ'b?] griaoth@-'@%@meg@f tg@métp?@-asgﬂtmcfﬁDnﬁéeg?ﬂgp:?wSNrLtscFEH\FPiLEE'cteEt or

as at le 0 uence identify to  51. . articul ar, e
sequence(gE@ngédmt : o a?m{oé’ﬁd O(SQgﬂ%tﬁ’Henﬁ‘y ‘B@Cgt PastOHYEG 85% at
| east abouy RP¥ PRL” BSEQIBNO 2B IvhithYark $estt infdlald iPASal D NO 43 and/ or 10
SEQ I D NO 51 respectively. Mre 'in particular, the sequence encoding the

a-chain may be SEQ ID NO 43 and SEQ I D NO 51, and/or the sequence encodi ng
the (3-chil pArfigyapdheseell peroieing fo the prageasinyendp may SPEDSLAPRNRS &y ogenous

TCR npy CRARY ighe s¥Pok %h?%nﬁ%@gfleo%@ﬁw%aeﬁ@wmﬁ S5Qot rd¥phdd and two

(3-chai ns encoded by SE More in particular, the a- 15 chain and

13- chai n fhejediewbatsindbe Ispcond HED{Tenstive gregerals RER BGyRe §ie same
ti : ' 2 43 ar i tively.
consecu '¥§ito%%ﬁ%§eﬂ;%eﬁréb8%¥we“?lﬁ§%#e% %‘Q{n %eaﬁgg} B9 %ﬁgy%g@pé@%pt%? lvely

According to 'a er asp resent I nv I on edst one
i sol at ed el ypeptd HE\erpioesl rbyy thee HBsBYMHTO and ithedfirsf eplieppmeayebe

i nventi on, 2%) 22cordi ng to still another aspect, the present invention
provi des QPC %‘ t one isol ated pol ypeptide conprising at | east one am no
aci d sequence selected fromthe group consisting of SEQID NO 9, SEQ ID
NG 1QoandTigEexddene0s TR maypanhprisd atricadtlmepmotlysie pongeisingyatheas cak | east

B o S o BB s AR oGubtes 46 o
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 1D NO:10 and SEQ ID NO:11. More in particular, the a-

25  chain comprises all three sequences, SEQ 1D NO:9, SEQ ID NO:1Q and SEQ
ID NO:11. The a-chain may comprise the sequences of SEQ 1D NO:9, SEQ ID
NO:10 and SEQ [D NO:11 consecutively. In particular, the a-chain may consist



25 about 90% or at |east about 95% identical to SEQ ID NO 12. The present
I nvention al so provides at | east one isol ated pol ypepti de conpri sing at

| east one seguence sel ected fromthe group consisting Qfybadddebe: 44, SEQ
| D NO 45 8Rd @%6?8] D NO 46. In particular, the polypeptide may 32 have at

| east 80% amno acid identity to SEQID NO 47. Mre in particular, the

pol ypepti de may be at | east about 85% at |east about 90% or at |east
about 95% identical to SEQ ID NO 47. The pol ypeptide may further conprise
at | east one sequence selected from ??e 5 group consisting of SEQ I D NG 21,
SEQ I D NGO 22 and SEQ ID NG 23. In pafticular, the further sequence may have
at least 80% amno acid identity to SEQID NGO 24. Mre in particular, the
further sequence nmay be at | east about 85% at |east about 90% or at |east

b 95% i d ' | SEQ I D . 24. i i , [
Soloyfoept i %F:,Seggé‘;yg%ﬁbé %@@U%Q‘P’F@Sc%'\#% i@ uN&ég %fgi) L@&?@H@?@gﬁﬁqm’ Qgields shown
in SEQ I Q\:b%cégeneegu%&mﬁem%%mﬁ@ﬁﬁm bregiven ThTaipieb ipept2.de may further

conpri se at st one sequence selected fromthe group consisting of SEQ ID
NO 52, SEQ ID NO 53 and SEQ ID NO 54. In a}rticul ar,, ht he further sequence
may have Bie FPRRERNOBEOLGRIMEY SEINE IcaBIRISE I GAStonSEr BN BRSNS AL i n

particul t BRe fAhiBChCiE CSHIRR Frorh et toRSi¥ingabf lthast about
90% or g%a?tegﬁ? %ﬁ@gt é%liaa% i deﬁtgiegﬁrec?%d SEOE | D NO 55. ?Even nr?ta)lre i.n

parti cul sequeheepBER EpNQI3T NBFQCBIAI22 204 SEQ1RNWIZ3 A YeyTRIRES of ani no
acids sh i . i : ; ' 2

pol ypept ?cﬁgregg.clﬁﬁ%rhgﬂ%f tﬁ%f %?aégg‘%ﬁ %m%%%‘eﬁ%%gd%%ﬁghg%z a(;ﬁ?a HBV

epi t ope- rR@, VeE@xIHANOUEE FERSHQ IPaNQ:28l &y parfinvlgiolthp dbehadie may be

functionally equival ent to Il I |y ~Fised. T t hat may
have: boodani g Seiltno & SEETRINOH L S TG S ENERSS |1
addi ti on consecutively. More in particular, the B-chain may consist essentially of the

10 sequences SEQ ID NO:21, SEQ ID NO:22 and SEQ 1D NO:23.

In particular, the exogenous TCR may comprise at least one o-chain having at
least 80% amino acid identity to SEQ ID NO:12 or a fragment thereof and/ or at
least one P-chain having at least 80% amino acid identity to SEQ [D NO:24 or a
fragment thereof. In particular, the a-chain and B-chain may be at least about
15  85%, at least about 90%, or at least about 95% identical to SEQ ID NO:12 and
SEQ ID NO:24 respectively. More in particular, the a-chain may comprise all
sequences SEQ 1D NO:9, SEQ ID NO:10 and SEQ ID NO:11 and B~chain may
comprise all sequences SEQ ID NO:21, SEQ ID NO:22 and SEQ ID NO:23.

The exogenous TCR may comprise at least one a-chain comprising at least one
20 amino acid sequence selected from the group consisting the sequences SEQID
NO:44, SEQ ID NO:45 and SEQ 1D NO:46 and/or mutants therecf. In particular,
the exogenous TCR comprises at least one o-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
25  |D 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 D

NO:46. All sequences used in the present invention are given in Tables 1 and 2.



and/ or deletion of ami no acids, or where one or nore ani no aci ds have been
25 chemcally nodified, but which neverthel ess retains the binding

specifici%e/'D BQ’Q&?p affinity binding activity of the JpeRspr@bbdicOf the
present inv Pon 10 the HBV epitope. In particular, the HBV epitope may be
HBc18- 27, HBs370-79 or a nutant thereof. Mdre in particular, the

pol ypepti de may be at | east one soluble 33 TCR Even nore in particular,
the soluble TCR protein may | ack the portions of the native cell-bound TCR
and may be stable in solution (i. a, it does not generally aggregate in

sol ution when handl ed as described héein and under standard conditions for
protein solutions). 5 The soluble TCR may be prepared by any nethod known
in the art. Exanpl es of processes that may be used to prepare the soluble
TCR may conprise but are not limted to constructin ynmeric. receptor

. al
chai ns i nThhiexoganoisriGRogieulther srsaRisecbicast ane 5P SOMANSIELH at | east
one phosphot i/l créol i ne- Sat%?c‘:i B-L?erﬁat gg@gﬁ)édnﬁymbgqét&gw tashemrtitg tdf theR a and p
@d\ ofEMY odu S

10 vari abl®&® ing translational termnation codons upstream

of the TCRaflicnesebODNOER; SECID NEyBAEndgSERe!D N8 henecanBUEB®ai ns of

the TCR a_and p chain Dl\lfs ith a si r tgyb i nositol
(GPl) i nﬂlﬁj@oé)rl%rﬂaftf?é‘%éa rﬁotﬁffh?'gr%akgzs%%&rfstg hg(gﬂk%%@ﬁ@ﬁ&%ﬂ@%??{%@n Thy-1.
The soi ubhg).FERSIFRY IDeND: 5k eddt SEGL I edGt5dorie particular,rtie Brobgin May
anti-viral 15 drug may targe \Y/ _EX I WA = VLT, Ay
conpri se, CRMPrige @%é@qwqwgé&ﬁg@ [%g@'ég’i ggé [E:? D@:%’ ,3}4%:{ rﬁ?éecrlﬁfgﬁg%'ggﬁf a- 2b,
pegyl at ed.} 640N an 2aurtiduied YHali grehaie hag axdnsist teslsbhtiallyi ofetrend t he
like. In Bgﬁ%%%?%? @ﬁ% gtz)tl?auti)l e TCR nﬁé beﬁéi n@e% to the anti-viral drugs
to form sebqirecsGEQAIRDNQER] %@@ti@é\‘@ﬁ%@ﬂfj GhORPRH in the art. The Iink
may be a 20 chemnical noiety conprising a covalent bond or a chain of atons
that covaleRbii ! MENBdg8naR YORIAFRBokipride Gt igasTainel g.chilrieaing aly
conprise a Pvarent ra |gal such as_an alk¥lene an aé lene, a4
het er oar ylemsé BOboamirioeacia isentitrdo SEQ ERNGE( @t8 kagmep %‘85&9 AGAURT S of
al kyl oxy (e.g. pal yet YASTeTE {ieRes s )ISEID aldoskariano (e. g.
pol yet hyl g@?&gﬁf‘%% %é?%éﬁﬂﬁém%ag@é%%??g% es?gr and am des | nc4 udi ng
succi nat efraghesi tasrede in giagiopteo) taeeq-chainganst B-chaipsambeiat iast eheUl i ke.

85%. at least about 90%, or at least about 95% identical to SEQ ID NO:47 and

SEQ ID NO:55 respectively. More in particular, the a-chain may comprise all

15  sequences SEQ ID NO:44, SEQ 1D NO:45 and SEQ ID NO:46 and $-chain may

comprise all sequences SEQ 1D NO:52, SEQ ID NQO:53 and SEQ 1D NO:54,

The sequences encoding the a-chain and B-chain have been determined o be
the amino acid sequence for at [east one productively rearranged a-chain and
B-chain respectively of a TOR reactive against HBV epitope HBc¢18-27 and/or

20 HBs370-79.

More in particular, the exogenous TCR reactive against HBYV epitope HBc18-27
may comprise at least one o-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
05 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 ieast one o-
chain of SEQ ID NO:12 and at least one B-chain of SEQ ID NO:24. In particular,



WO 2009/ 136874PCT/ SG2009/ 000165 34 | east one pronoter. The codi ng sequences
for a- and p- chains of the TCR nay be operably connected to at | east one

pronoter functional in the isolated cell. Suitable pro e

const i t ut RX4HPFHduci bl e promoters, and the selectioggﬁségwggﬁggopriate
pronoter may be well within the skill in the art. For 5 exanple, suitable
pronoters nmay conprise, but are not limted to, the retroviral LTR, the
SV40 pronoter, the CW pronoter and cellular pronoters (e.g., the fa-actin
pronoter). According to another aspeci, the present invention provides at

| east one vector conprising the consttuct according to the present

i nvention or the 10 pol ynucl eotide according to the present invention. In

particular, the vectors may conprise, but not limted to, lentiviral
ors, adenovi,r no- assocj ated virus

vectors, petroviral |, vect or d

vectors antf BEIS5E8Y ?@E r@)?c")i"?ﬁ%a'%tc'f'gy?.pﬁ%? Eﬁq%p%r pay feagist pEMCovi 1 al
vect ors naychathsuseiwioo-clghsvery of the constructs either in vitro, ex vivo
or in vivo, as described in the exanples. 15According to still another

aspect, t resent Jjnvention provides at |east one T cell conprising the
vebtor. t NErEuhBamkulEr dReh@ORB R EbH BecHls aPaInRG FEY PReoRs BBBR(
i nvent i on79 ASBoschRGd & 1888 AHEPeChaint STSENSBAND:ANURM droft 1IBAErdes. at | east

one net hogb?gf [?re aring at | east one T cell conprising at_|east one HBV
epi t ope- r &R Y _f%i\%@ﬁo@e*’l’@@fﬁdﬁ ragliquasy tha exegeriosastCRmeastivsj ect
COMpr | S1 NgGAIhNEBYCEARAR! HBRSPH.79NRa Rbltd SbaliRAly [SOM R BHbIeCt W th
the construct of and/or the vector of the present Aventi on, nstructs and
vectors a@lteh difngEQo!R MO7egamtati ipashonenSshainbef BEQVIEr &D:66. dakl s in

itro, j i LVQ: | k .10 t.h f
Sk 11 oeoefoft TR Yeddhb st el WiRBbe HB RIS Tud D8R8 dryr o)
they may lpesttorensicbaimed SEQ DR HTcad acieasidimy Biahakt ah8EQACPNOESE Ol S,
®- 8- 110t NGR%IRRFA! BRbddleMBl S U eaCh i h Ot st HE BRI Bh HEIBUA mas

consist of two a-chains and two B-chains.

Percentage identity may be determined using the algorithm of Karlin and
Altschul (Proc. Natl. Acad. Sci. 87: 2264-68 (1990), modified Proc. Natl. Acad.
Sci. 90: 5873-77 (1993)). Such algorithm is incorporated into the BLASTxX
16 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

20  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 o-chain and B-chain may be part of at least one MBV epitope-
reactive TCR.

In particular, the sequence encoding the a-chain comprises at least one
25 sequence selected from SEQ [D 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



ed., Sanbrook and Russell, CSHL Press (2001), incorporated herein by
reference. Exanpl es of nmethods may conprise but are not limted to, the
CaCl 2 35 chem cal nethod, electroporation and the lik | ar, the
const ruct YGEWEHFHg to the present invention may be d%FFégﬁed&@%%g t he
cells in vivo. SU|tabIe nmet hods of delivery of polynucleotide constructs
are known in the art, and may conprise but are not limted to, viral
vectors, nanoparticies, gold 5particles, |ipoplexes and/ or pol ypl exes.
Accordi ng to another aspect, the present invention provides at |east one
met hod of preparing at |east one HBV @bitope-reactive exogenous TCR
conprising: (a) isolating at | east one HBV-epitope reactive T cell from at

| east one HBV-exposed individual that resolved HBV infection; 10(b) cIoning

at | east one pol ynucl eoti de sequence encodi ng at | east one a- and
13- chai n MOaB 4ArelaSEQIBNDOR, Bt (st e SBILHEE Seircied Hom SEQTDCNOY 1 Aof st ep

ol | aa e H0) REDGATS Rl ARG A RGRHCE Nl Mo IR TR (D@8 cast one

cell; and batlng t e for
expr essi omndeE@&DHBVT@pMcmpm padictlby éhe segermgseritodeld theer-eipriorayy t he

cell. In particul re & nti oned
above may B@Wé@%%}bﬁgggéﬁ?ééw&e %ﬁ%lﬁg q_@g%@n%orstég%tel génégccor di ng
t 0 onesasppebding it PlcBSBhaly RYAIpHEESEM Y Nde+7 SSEQEBSNOIEaneBEQ i 20

| east one vector and/or at [east one pol ypeptide according to all aspects
of the pr®¥&Af i nvention, for use in the treatnent of HBV i nfection and/ or
HBV-r el at ed hepatocel | ul ar carci noma.

In particular, the sequence encoding the a-chain of the HBc-18-27 epitope-
reactive TCR may have at least 80% sequence identity to SEQ ID NO:4 or SEQ
ID NO:8 and/or the sequence encoding the B-chain of the HBc-18-27 epitope-

10 reactive exogenous TCR may have at least 80% sequence identity to SEQ ID
NO:16 or SEQ ID NO:20. In particular, the sequence(s) encoding the a-chain
and B-chain may be at least about 85%, at least about 90%, or at least about
95% identical to SEQ 1D NO:4 or SEQ ID NO:8 and SEQ iD NO:16 or SEQ ID
NO:20 respectively. More in particular, the sequence encoding the a-chain may

15 be selected from the group consisting of SEQ 1D NO:4 and SEQ ID NOS,
and/or the sequence encoding the B-chain may be selected from the group
consisting of SEQ ID NO:16 and SEQ D NO:20. The HBc-18-27 epitope-
reactive exogenous TCR may comprise two d-chains encoded by the sequence
SEQ ID NO:8 and two B-chains encoded by SEQ ID NO:20. More in particular,

20 the o-chain and B-chain may be encoded by nucieotide sequences that
comprise the consecutive sequence shown in SEQ ID NO:4 or SEQ ID NO:8
and SEQ ID NO:16 or SEQ 1D NO:20 respectively.

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

25  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 1D 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 S-chains encoded by SEQ 1D NO:16 or SEQ ID NO:20. -



Accordi ng to another aspect, the present invention provides at |east one
nmet hod of treating HBV and/or inhibiting reactivation of HBV in at |east

one subject 25 conprising adm nistering to the subject ne
i munot hePSpEIIREH v WO 2009/ 136874PCT/ SG2009/ 000165P§@S£e;§}?%%0t0?(\3e amount

of cells, at |least one vector and/or at |east one pol ypeptide according to
any aspect of the present invention. A further possible application of the
HBV- TCR redi rected approach is in patients with hepatocellular carci nona
(HCC). Chronic infection with HBV is the nost 5 inportant risk factor for
t he devel opment of this liver tunour #nd integration of HBV-DNA into

hepat ocytes frequently occurs in tunmour transforned cells. The therapy of
HCC by conventional chenotherapy, radiation or surgical resection presents
severe limtations. HBV-specific T cells have the potential to recognize
and kill HCBadiellss, thepsapsineg ¢iRddingt thgeashaind catppsey SHQ dRsNEX4bf

HBV- TCR- redirected T I ; e i j Ny L.egressi on
of HCC. Sé%lg ﬁ:gé\{ﬁfg i E\B&%@H@I“Eﬁ# ?ﬁgﬁéi%pﬁ%?@%gmgaﬁcgtgﬁj&o ﬁ%%?hggﬁt unour
expr essi NgoARrisdsS EQNDBAOI48YISEGs I KBS ot $EQ, IDWHers. i nf usi on of
EBV-specific CDS+ cells showed prom sing results. Vectors conprising

pol ynucl epfi des encodi ng, TCRs, and/ar c S1.GO0 IS gpe

HBV- epi to%ﬁ? éﬁc??&@%@ﬁ%?egﬂ%&c%gni%ﬁhéetP%I gfpd’rpaﬁe%g tt?%ab%eg?’f(o 2? HCC.
Accor di ngkyitogelRabtivs RdgdriveMCRMAY dvielas ladst 13846 tsequenceeidbotitydd treati ng
HBV-rel at ed hepatocel | ul ar

carcinog jn east one_subject co i sing
i i st eSERUIT JOMfaad e han 1 ahs HESRE TR PREP AT TORRROURT T act v
amount —of .geld-anioithak R RlasP BEVEEIRNCA RIMNETY BISEQADINOMA . ROparhedhi,de
according to 20any aspect of the present _invention. Vectors conprjsing

pol ynucl etite shexicopesiBRgediaRNe eriiaby ard Pichagogyikg Agleast #R48E3%6he

HBV- epi t OQFI(?%S?%&(F%J"%ROP%‘FH’%s?%b%ﬁt 856, e 16{9%@3 ERNCE3 Shdicrb! ¥

adm ni stere 0O a supj ect to reat acute or chronic BV | nf_ectl on or

condi 10 onSEQ H INQtBhgesmeajvelyhdloae ot ehttisular, ther ssquenay angoding tha-ect. 25

The cells_gexpressin - epitape, reacti =ye 1, S
pol ynucl eBl?q“ge@agnE%dé'_% Eg\}\@p‘ﬁ gg@ réleEgIgt@M éhg)}%rtﬁtggédb%ln)@%epti de
encodi ng &hedifdMirepgichp meapdiel SEQTORNGY. ihepkBpBY0-6tdpitapéyeaaiveni st er ed
to at | east one suyhject to inhibit reactivation, of HBV infectign.~In
bar £1 cul aPXoOBHS R TRYEPIRReSS SR TS FRsode BY tESed tBe SE8 D
NO:43 and two B-chains encoded by SEQ ID NO:51. More in particular, the a-
15 chain and B-chain may be encoded by nucieotide 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.

20 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

25  about 90%, or at least about 95% identical to SEQ ID NO:12.

The present invention aiso 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



37 vectors of the invention may be admnistered to cells fromat |east one
subject ex vivo. Mre in particular, nodes of adm nistration of

pol ynucl eqt i d d/or viral vectors will be those that ,gpgghfubs@hésy and/ or
pr edom nam(#?e%%fz{}’%‘er the TCR codi ng sequences to T cells and/or

hemat opoi etic stemcells. In the case of a 5 retroviral vector, it may be
anticipated that suitable dosages will range fromabout 0.1 pg/ 106 cells to
about 10 pg/ 106 cells, such as in the range fromabout 1 pg/ 106 cells to
about 5 pg/ 106 cells. Mdrre in particghar, such dosages may prevent or
reduce HBV-rel ated synptons at | east 50% conpared to pretreatnent synptons
or conpared to a suitable control. Treatnent with at |east 10 one
retroviral vector according to the present invention nay palliate or

alleviate HBV infection and/qr ,at .| eas n Yalad! d. Il and/ or
may -r edud@ve ﬁéi‘ﬁféﬁ@@%?mﬂ'f%@?"é@%}y %’oééﬁér@n@@?%\ﬁé%s'g@l a{%%élggbﬁ%i tions,
wi t hout REAEiRY nfyCHE @t ddst RRDbLT 85Yak; dastaboanBORr [z lemstdilanitcur e or
prevent an acute or ‘chronic HBV infection or an associ ated condition,

c
i ncl udi n§5¥6lepticaléeSER P Nt &i nona. I n particular, the quantity of cells
that make up the i munot herapeutically effective anount of cells to be

adm ni st qfh%dpdiﬁﬂs%ﬂgé REYy tithet ebirphbe bR IRt breaibgdendiseleoty fendependent on
limted to i

TCR ndi sredp paneining 66READ MR BoSHGe 1D A Zh e o O R Re: JAti ent and
the Seve:g)%étiﬁufgera{sr{éefu?ﬁ%g's heéhd%gllln,%g HdvRakiedastTHE L MRS a8 iv@ttitphbes in

regard t one 1 ndivi prophyl actic or treatnent reginmen may

be | ar ge SERIDNOMs Miwe dbparticakgethef fubeseqnanceenax pecatdeast|aPo¥ar t i cul ar,
N i ni st ] | east ; | s/ kg bod
e o o0, AR o0l B GPLS SRR e B BOsl o/ g by

wei ght t In particular,
cel I s/ kg Hvedly mebght peoticular, 1188 pelypsplicte body ewhptise rthy bensadiive st er ed.

The maxi mal dosa of , cell s, and/ or vipal ctpL.,50 I ¥k S{ey- to the
subj 6t BEFUPES Wﬁ}?e??'d&ogté%nt'ﬂagﬁt%éﬁ @-1%613@‘2 %%glegtlb rgg'%gand/ or
i ntol er abtgeshigsiyef fects. Suitable regimens for initial

The polypeptide may further comprise at least one sequence selected from the
group consisting of SEQ 1D NO:52, SEQ ID NG:53 and SEQ ID NO:54. In
particular, the further sequence may have at least 80% amino acid identity to
15  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 D NQO: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.

20 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 delstion of amino acids, or where one or more amino acids have been

25 chemically modified, but which nevertheless retains the binding specificity and
high affinity binding activity of the TCR protein of the present invention to the
HBV epitope. In particular, the HBV epitope may be HBc18-27, HBs370-78 or a

mutant thereof. More in particular, the polypeptide may be at least one soluble



38 adm ni stration and additional treatnents may al so be contenpl ated and
may be determ ned according to conventional protocols. According to another
aspect, the present invention provides at |east one us _ t one
cell, at V@bﬁ?wﬁﬁgmvector according and/or at | east ongeg%?g%%%ﬁﬁﬁe
5according to any aspect of the present invention in the preparation of a
medi canent for treating HBV infection and/ or HBV-rel at ed hepatocel | ul ar
carcinoma. Suitable solid or Iiquid nedicament preparation fornms nay be,
for exanple, granules, powders, tablets, coated tablets, (mcro) capsules,
suppositories, 10 syrups, emnul sions,““suspensi ons, creans, aerosols, drops
or injectable solutions in anpule formand al so preparations with
protracted rel ease of active conpounds, in whose preparation excipients and
additives and/or auxiliaries such as disintegrants, binders, coating

agents, sWeR.iBvgnageistis,parimarcts: splulile FERPIAGIE M3veaakdhe Priipns of
sol ubi l'i zgrs _art i d | oxe., Ti diganent s
may be sul eaB?{e[&f g?ﬂjggﬂlﬁ J%R\L%‘r%i g%?/' %%ﬁﬂd‘gqﬁe i vtgflyﬁ's?s’t@(r%rjso%Aﬂé@ordi ng to
one aspectendrady pggsgate imselotivromwhendvargded as dassgbedmerdin andt waderet hod f or

di agnosi ng, at, | east,..one .subj ect _t.n \S able to resolve HBV infection, the
nmet hod co%tﬁpfjg?ﬁ%‘?ndf@('ﬁ)for&%&ﬁ%?aaﬁ%qs)'l east one sanple fromat |east one
subj ect; (b) detecting the presence of at |east one pol ynucl eotide
conprisi njhe sohdleafCRamay beoprepatedrny afy oretitarhsnewn iy thef adit Exaaplesone

1oct o 28 SRR S AHL el RBERR TEROHER e ES01,
fragment shermaf imasd/ & cod@tructing polymeric receptor chains in which an
immunoglobulin  heavy chain variable region from at least one
phosphorylcholine-specific antibody may be substituted with TCR a and B
10 variable regions, introducing translational fermination codons upstream of the
TCR transmembrane region or replacing the transmembrane domains of the
TCR a and 8 chain cDNAs with a signal for glycosylphosphatidyl inositol (GP1)
linkage from the carboxy terminus of the GPI linked protein Thy-1.

The soluble TCR may be linked to at least one anti-viral drug. “The anti-viral
15  drug may target HBV. For example, anti-viral drugs may comprise, but are not
limited to, adefovir dipivoxil, interferon alfa-2b, pegylated interferon alfa-2a,

lamivudine, entecavir, telbivudine and the like.

in particular, the soluble TCR may be finked to the anti-viral drugs to form
soluble TCR-drug conjugates by any means known in the art. The link may be a
20  chemical moiety comprising a covalent bond or a chain of atoms that covalently
altaches a soluble TCR 1o a drug moiety. Linkers may comprise a divalent
radical such as an alkylene, an arylene, a heteroarylene, moieties such as: —
(CR2)nO(CR2)n— ; repeating units of alkyloxy (e.g. polyethylenoxy, PEG,
polymethyleneoxy) and alkylamino (e.g. polyethyleneamino, Jeffamine™), and
25 diacid ester and amides including succinate, succinamide, diglycolate,

malonate, caproamide and the like.

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



SEQ ID NO 12, SEQID NGO 24, SEQID NGO 47, SEQ ID NO 55, a honol ogue
and/or a fragnent thereof; wherein the presence of the pol ynucl eoti de

and/or th | ide is indicative of the subject beippgsablognsi@ss esol ve
t he HBV iﬁ*‘gg{ﬂg[gﬁmﬁ% According to yet another aspect, the present invention

provi des at |east one in vitro nethod for diagnosing at |east one subject
as having or as being at risk of having HBV infections and/or HBV rel at ed
hepat ocel | ul ar carci nona, the nmethod conprising: (a) providing at |east one
sanpl e fromat |east one subject; 10(h) detecting the presence of at |east
one pol ynucl eoti de conprising, substantially consisting of or consisting of
at |l east one nucleic acid sequence selected fromSEQ ID NO 4, SEQ ID NO

8, SEQID NO 16 and SEQ ID NO 20, SEQ ID NO 43, SEQID NO 51, a

honol ogue ,and/or a fr er eof ; and/.or det.ect resence of
o eaor' i 08P b RaoT ot e BRGue B ASL a2 by SRURE bL I FCR e

consi st n%eocﬁl_:péraﬁy&ﬁ?nﬂ@ct@ﬁltd R aGaEER: pfonfii&} f@&i@:alba thobEdIhladNéall. 24, SEQ
ID NO 47, S (QID NO 55, a honol o ue and/or  a fra nment t hereof: wher ei n

the absendwiigpler REOBRIE)H RPehE GENElUIE ae INSBIGRe RPTOIES: raIhdle 20 with
the 1ikel ishpetdoRbs faﬁeaé;%%rﬁa@é pASORY gl BE vt WBhRInakkillisknhé @, FaYi ng

HBVi nf ecti on and/ or rel ated hepatocellul ar carcinoma. In particular,
the teBt saappl, saijalie piemaErs Flayonmedsauiut sueaet linited & tbe agtraving d

sanpl es. W@tlﬁé‘g%é% @ﬂb@i thé@ﬂ\wrﬁé%ﬁﬁ B c?élfuLa‘?%E&q-.Bfé?s RO e eot i de

and/ or polypép resent i‘nvention na eterm ned 'usi hg sever al
25 net hodsctimpmmatarit he art. Sone of the net hods may conprise, but are not
WO 2009/ 136874PCT/ SG2009/ 000365 40 limted to, real time PCR flow

CYL Ot 1 nBERATY SorBEOIBEE SRRt YCEREF AL ENRELY oLy

Accor di ng anot er aspec esent "I nvention es at | east
one kit comprising the - construct accordlng to the present mventfon or the

10 polynucleotide according to the present invention. in particular, the vectors may
comprise, but not limited to, lentiviral vectors, retroviral vectors, adenoviral
vectors, adeno-associated virus vectors and Herpes Simplex Virus vectors.
More in particular, retroviral vectors may be used for delivery of the constructs

either in vifro, ex vivo or in vivo, as described in the examples.

15  According to still another aspect, the present invention provides at leastone T
cell comprising the vector, the construct or the polypeptide according fo 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
20  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 vifro
25 or ex vivo, they may be fransformed or transduced according to standard
protocols, e.q., 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 fo, the CaCl,



for detecting and/or treatnent of HBV infecti
_ : on and/or HBV-related 5
hepat ocel | ul ar carcinoma, the kit conprising at | east one cell, at |east

one vect oy J r..at | east one pol tid [
( oL} _ pol ypepti de according t of th
present i \922@& %n. In particular, the kit may conpri sep%?g?zgﬁ?@%ﬁe rranugl

providing instruction on how to use the kit. Nanme Sequence SEQ I D CDR1
al pha 3 (WI) AAAACTAGTATAAACAATTTA CDR2 al pha 3 (V\7I')q ° o
TTAATACGTTCAAATGAAAGAGAG 2 CDR3 al pha 3 (W)
TGTGCTACGTGGCTCTCTGGTTCTGCAAGECAAC 3,5 TGACC i | I TCR al pha 3 (W)

chemical method, electroporation and the like. in particular, the constructs
according fo the present invention may be delivered into the cells in vivo.
Suitable methods of delivery of polynuclectide construcis are known in the art,
and may comprise but are not limited to, viral vectors, nanoparticles, gold

§ particles, lipoplexes and/or polyplexes.

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

of preparing at least one HBV epitope-reactive exogenous TCR comprising:

(a) isolating at least one HBV-epitope reactive T cell from at least one
HBV-exposed individual that resolved HBV infection;

10 (b) cioning at least one polynucleotide sequence encoding at least one a-
and/or B-chain of at ieast one TCR from the HBV-epitope reactive T cell

of step (a});

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

and

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

HBYV 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 epifope reactive and/or HBs370-79 reactive.

According to one aspect, the present invention provides at least one cell, at
20 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 HBY in at least one subject
o5  comprising administering to the subject at least one immunotherapeutically



ATGGAAACTCTCCTGGGAGIGIC | | | GGTGATTCT ATGGECTTCAACT GGECTAGGEGT GAACAGT CAACAG
GGAGAAGAGGATCCT CAGGCCT TGAGCATCCAG GAGGGTGAAAATGCCACCATGAACTGCAGITACA 4
AAACT AGT. é%%f I ACAGTGGTATAGACAA  AATTCAGGTAGAESEGETfad fofisCTAA | 1
TAAT A GAGAGAAACACAGT GGAAGA
TTAAGAGT CACGCTTGACACTTCCA_AGAAAANcCA GITCCTI GTTGATCACGGECTI CCCGGEGCAGCAGA
CACTGCTTCTTACTTCTGIGCTACGTGECTCTCTG GTTCTGCAAGGCAACTGACCTTTGGATCTGGEGAC
ACMITGACTGTTTTACCTGATATCCAGMCCCTG ACCCTGCCGT GTACCAGCTGAGAGACTCTAAATC
CAGTGACAAGTCTGTCTGCCTATTCACCGATTTTG gél’ CTCAAACAAATGT GTCACAAAGTAAGGATTCT
GATGITGTATATCACAGACAAAACTGTGCTAGACAT GAG GICTATGGACTTCAAGAG CAACAGIGCTGIG
GCCTGGAGCAACAAATCTGAC i | | GCATGTGCAA ACGCCTTCAACAACAGCATTATTCCAGAAGACACC
TTCTTCCCCAGCCCAGAAAGTI TCCTGTGATGTCAA GCT GGT CGAGAAAAGCCT TTGAAACAGATACGAAC

e TSN I I BAT b

according to any aspect of the present mvention‘

A further possible application of the HBV-TCR redirected approach is in patienis
with hepatoceliular carginoma (HCC). Chronic infection with MBV is the most

5 important risk factor for the development of this liver tumour and integration of
HBV-DNA into hepatocytes frequently occurs in tumour transformed celis. The
therapy of HCC by conventional chemotherapy, radiation or surgical resection
presents severe limitations. HBV-specific T celis have the potential io recognize

and kill HCC cells expressing HBV antigens and adoptive transfer of HBV-TCR-

10  redirected T cells may have the potential to obfain regression of HCC. Such
results were obtained in nasopharyngeal carcinoma, a tumour expressing an
Epstein-Barr Virus (EBV) protein, where infusion of EBV-specific CD8+ cells
showed promising resuits. Vectors comprising polynucleotides encoding TCRs,
and/or cells comprising at least one HBV-epitope reactive TCR may thus be

156  useful in the freatment 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

20  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.

25 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,



CTCATGACGCTGCGGCTGTGG CCAGOTGA  CDRl1al pha3( OPT) AAGACATCAATCAACAACTTG 5
CDR2 al pha 3 (OPT) CTGATTCGGAGTAATGAGCGGGAA 6 CDR3al pha3( OPT)

TGTGCTACATGGCT GCGCACGGCAAT 7 TGACI i TCR al phgsGoks@iTs
ATGGAGACCH PR GTCCCTCGTGATTC TGTGGCTGCAGCTTGCTCGGGT GAATTCT CAGCA

GGGECGAGGAAGACCCGCAGGECCCTTAGCATTCA GGAAGGGEGAGAACGCTACCATGAATTGCTCATAC
AAGACATCAATCAACAACTTGCAGIGGTACCGTCA GAACTCTGEGAGAGGACTCGTGCACCTGATCCTG
ATTCGCGAGTAATGAGCGGEGAAAAACACTCTGGAA GECTGAGGGT GACCCTCGATACCTCTAAAAAATC
CTCCTCCCTGCTGATAACCGCCAGCAGEECCEC CCGCTTCCTACTTCTGTGCTACATGCECTG
AGTGGCAGCGCACGGECAATTGAC | 11 GGGAGTG CTCAGCTGACAGT GCTGCCCGACATCCAGAA
TCCAGATCCCGCAGT GTATCAGCTGAGAGACTCA AAGTCAAGT GACAAGAGTGTGTGCCTGTTCACTG
Al | 1 | GACTCTCAGACCAACGTCTCTCAGICTAAG GACAGCGACA | | ACATCACTGACAAAACTGTGC

CGTGAAGCTLL LA RMETiRAT NS\ ehidSs HCAMISISTARAT 6T GOGANEIES SICGRETATCCG 8
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

5 retroviral vector, it may be anticipated that suitable dosages will range from
about 0.1 ug/108 cells to about 10 1g/10° cells, such as in the range from about
1 pg/10°8 cells to about 5 g/ 0° cells. More in particular, such dosages may
prevent or reduce HBV-related symptoms at least 50% compared to pre-
treatment symptoms or compared fo a suitable control. Treatment with at least
10  one retroviral vector according to the present invention may paliiate 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 HBVY infection or an associated condition, including

15  hepatocellular carcinoma.

in particular, the quantity of celis that make up the immunotherapeutically
effective amount of cells fo be administered depends on the subject to be
ireated. This may be dependent on but not limited to, the capacity of the
individual's immune system fo mount TCR-mediated immune response, the
20 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 individuals
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'° cells/kg body weight. More
25  in particular, 5 x 10° cells/kg body weight to 1 x 10° cells/kg body weight may be
administered. The maximal dosage of cells and/or viral vector to be
administered o the subject may be the highest dosage that does not cause
undesirable and/or intolerable side effects. Suitable regimens for initial



G | | AGAATCCTGOTGCTGAAGGTTGCCGGATTC AACCTCCTTATGACGT TGCGCCTG GGTOCACGCT GA
CDRlal pha3 KTSNNL 9 CDR2al pha3 URSNERE 10 CDR3al pha3 CATVVLSGSARQLTF 11
TCRal pha3 k%?‘hk‘ VI UNLOLARVNSO DGEEDPQAL SKaEG PCT/SG2009/000165
ENATMNCSY! L RONSGRGLVHLI URSN EREKHSGRL RVTLDTSKKSSSLUTASRAADTASYFC
ATW.SGSARQLTFGSGTQLTVLPDI QNPDPAVYQLR DSKSSDKSVCLFTDFDSOTNVSOSKDSDW TOKTV

L DVRSIVDFKSNSAVAWENKSDFACANAFNNSI | PE DTFFPSPESSCDVKLVEKSFETDI NLNFONLSVI G- 12
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administration and additional treatments may also be contemplated and may be

determined according fo conventional protocols.

According to another aspect, the present invention provides at least one use of
at least one cell, at least one vector according and/or at least one polypeptide
5 according to any aspect of the present invention in the preparation of a
medicament for treating HBV infection andfor HBV-related hepatocellular

carcinoma.

Suttable solid or liquid medicament preparation forms may be, for example,
granules, powders, fablets, coated tablets, (micro) capsules, suppositories,
10  syrups, emulsions, suspensions, creams, aerosols, drops or injectable solutions
in ampule form and aliso preparations with profracied release of active
compounds, in whose preparation excipients and additives and/or auxiliaries
such as disintegrants, binders, coating agents, swelling agents, lubricants,
flavourings, sweeteners or solubilizers are customarily used as described
15  above. The medicaments may be suitable for use in a variety of drug delivery

sysiems.

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 HBYV infection,

the method comprising:
20 (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

25 and/or a fragment thereof; and/or

(c) detecting the presence of at least one nolypeptide comprising,
substantially consisting of or consisting of the amino acid sequence of



WD 2009/ 136874PCT/ SG2009/ 000165 42 RI LLLKVAGFNLLMILRLWSS. CDR1 beta 8
(Wr) ATT. TCA GGA CAC GAO TAC CU 13 CDR2 beta 8 (W) TAC UT MC MC MC GU COG

ATA 14 CDR3, bet (W) TGT GOC AGO AGO MI CGG GOG AGGHER: GAG CAG
TTC TTC%’%@SLB% 8 (W) ATGGACTc:CTGGA(:(:CTCTGCTGTGTGE;?'%c':(:cf@'sr%MES

GCATCCTGGTAGCAAAGCACACAGATGCTGGAGT  TATCCAAT CACCCCGECACGAGGTGACAGAGATG
GGACAAGAAGTGACTCTGAGATGTAAACCAATTTC 16
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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.

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

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

10 (b) detecting the presence of at least one polynucieotide comprising,
substantially consisting of or consisting of at least one nucleic acid
sequence selected from SEQ ID NO: 4, SEQ ID NO: 8, SEQ [D NO: 16
and SEQ ID NO: 20, SEQ 1D NO: 43, SEQ ID NO: 51, a homologue

and/or a fragment thereof; and/or

15 (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
20 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
95  methods known in the art. Some of the methods may comprise, but are not



AGGACACGACTACC [ 1| CTGGTACAGACAGACC  ATGATGCGGGGACTGGAGTTGCTCAL i i
ACTTTAA CAACAACGTTCCGATAGATGATTCAGGGATGCCC

GAGGATCGA GATGCCTAATGCAT CATTCTCCACT CTGAAGAT GEAGESad/SRAGAACC
mmao&@@%& TCTGTGCCAGCAGC AATCGGGCGAGCTCCTACAATGAGCAGI TCTTCG
GGOCAGGGACACGGCT CACCGTGCTAGAGGACC TGAAAAACGT GTTCCCACCCGAGGTCGCTGTGTT
TGAGCCATCAGAAGCAGAGATCTCCCACACCCAA  AAGGCCACACT GGT GTGOCT GGCCACAGECTTCT
ACCCCGACCACGT GGAGCTGAGCTGGTGGGTGA  ATGGGAAGGAGGT GCACAGT GGGGTCAGCACAG
ACCCGCAGCCCCTCAAGGAGCAGCCCGCCCTCA  ATGACT CCAGATACT GCCTGAGCAGCCGCCTGAG
GGTCTCGGCCACCTTCTGGCAGAACCCCCGCAAC CACTTCCGCTGTCAAGT CCAGTTCTACGGGCTCT
CGGAGAAT GACGAGT GGACCCAGGATAGGGCCA AACCTGTCACCCAGATCGTCAGOGCCGAGGCCTG

GGG AGAGCAGACTGTGGCTTCACCTCCGAGTCT  TACCAGCAA CCTGTCTGCOCACCATCCTCT
ATGAGAT CT TRIFAGEGARECHCRCE ERGT OGSVt PEFECTRRFEGCCATG
GTCAAGAGAANGRAT, ﬁﬁ%) CDR1 beta 8 (OPT) ATC TOT GGG CAC GAO TAO CTG
17 CDR2 beta 8 (OPT) TAT TTT MI MC MI GTG OCT ATC 18 CDR3 beta 8 (OPT) TGT

GCC TOO T . T. T T, . a8 (OPT
AT CCACAGLT A BT ST e (o ST AR T O R R e R e & 1
TGATCCAGAGGCCTEEIBACEAGET GRESRAANTOIGAERCAGERGTI GAROACT GHEMFEIHAGCCAAT 20
5  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 1o use the Kif.

Name Sequence SEQID
NO:
CDR1 alpha 3 (WT) AAAACTAGTATAAACAATTTA : 1
CDRZ alpha 3 (WT) TTAATACGTTCAAATGAAAGAGAG 2
CDR3 alpha 3 (WT) TGTGCTACGTGGCTCTCTGGTTCTGCAAGGCAAL |3
TGACCTTT
TCR alpha 3 (WT) ATGGAAACTCTCCTGGGAGTGTCTTTGGTGATICT | 4

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




WO 2009/ 136874PCT/ SG2009/ 000165 43 CTCTGGGCACGACTACCT
ACCATGATGAGGGGCCTGGAACTGCTGATCTATT TTAATAACAATGTGCCTAT?&?&.GTCT?:TCAGGCAGGC%
CCOGAGGACAGGT TCTCCGOCAAGAT GOCCAAC GOCAGOTTCTCCACCC
?@CCTAG(IBW@I’WGTACTTCTGTGCCTC dmmm%%%éﬁc
TGchGCCCT| CCTGGAACCCGCCTGACCGTGCTGGAG  GACCTGAAAAATGIG | | i CCOCCCGAGGTGGCCG
i GAACCAAGCGAGGCCGAGATCAGCCACAC ACAGAAGGCCACCCTGGT GTGTCTGGCCACCGG
Q(T:(T:gézccccal TCACGTGGAGCTGAGCTGGTGG GTGAACGGGAAGGAGGT GCACTCTGGOGT GAGC
A GTCC,_?_\GCCA%_IC_BAAAGAGCAGCCCGCC G GAATGATTCTCGGTACTGCCTGT CCAGOCGCC
CTGCGCGTGAGCGAGAAGCCA TCTGGCAGAACCCCAG AAATCACTTCAGGT GCCAGGTGCAGT TCTATGGG
CGACGAATGGACCCAGGACAGA GOCAAGCCTGTGACACAGATCGTGTCTGOCGAAG
CCTGGGGCAGAGCCGACT GOGGECTTTACCAGCG  AGAGCT ACCAGCAGGGOGT GCT GT COGCCA

TCTGT ACGAGATEECTECTEEEAMAGRRGATART 6C TACEEORI GRS BEHBACIHOCCT
A GBTGCTGATG
GOCATGG GAAGCGGAAAGACTCCOGGGGCTGA CDRL beta 8 SGHDYL 2 CDR2. beta-8|

coOCT

YENNNVPI 23R 7 apha 3 (OPT) AAGACATCAATCAACAACTTG 5

CDR2 alpha 3 (OPT) CTGATTCGGAGTAATGAGCGGGAA 6

CHRE alha 3 (OPT) | TOTGCTACATGGCTGAGTGGCAGCGCACGGLAAT | 7
TGACTTTT

TCR alpha 3 (OFT) ATGOAGACCCTTCTGGGAGTGTCCCTCGTGATTIC | 8
TGTGGCTGCAGCTTGCTCGGGTGAATTCTCAGCA
GGGCGAGGAAGACCCGCAGG CCCTTAGCATTCA
GOAAGGGGAGAACGCTACCATGAATTGCTCATAC
AAGACATCAATCAACAACTTGCAGTGGTACCGTCA
GAACTCTGGGAGAGGACTCGTGCACCTGATCCTG
ATTCGGAGTAATGAGCGGGAAAAACACTCTGGAA
GGCTGAGGGTGACCCTCGATACCTCTAAAAAATC
CTCCTCCCTGCTGATAACCGCCAGCAGGGCCG C
CGACACCGCTTCCTACTTCTGTGCTACATGGCTG
AGTGGCAGCGCACGGCAATTGACTTTIG GGAGTG
GCACTCAGCTGACAGTGCTGCCCGACATCCAGAA
TCCAGATCCCGCAGTGTATCAGCTGAGAGACTCA
AAGTCAAGTGACAAGAGTGTGTGCCTGTICACTG
ATTTTGACTCTCAGACCAAC GTCTCTCAGTCTAAG
GACAGCGACGTTTACATCACTGACAAAACTGTGC
TG GACATGCGCAGTATGGACTTTAAATCAAATTCC
GCCGTGGCTTGGAGCAATAAGTCTGACTTCGCCT
GTGCTAATGCTTTTAATAACTCCATCATTCCGGAG
GATACATTTTTCCCTAGCCCCGAGTCATCCTGCGA
CGTGAAGCTGGTGGAGAAGTCATTCGAGACCGAC
ACCAATCTTAACTTTCAGAACCTGTCCGTTATCGG
GTTTAGAATCCTGCTGCTGAAGGTTGCCGGATIC
AACCTGCTTATGACGTTG CGCCTGTGGTCCAGCT

GA
CDR1 alpha 3 KTSINNL 2]
CDR2 alpha 3 LIRSNERE 10
CDR3 alpha 3 CATWLSGSARQLTF i1
TCR alpha 3 VETLLGVSLVILWLGQLARVNSQQGEEDPQALSIQEG | 12

ENATMNCSYKTSINNLOWYRQNSGRGLVHLILIRSN
EREKHSGRLRVTLDTSKKSSSLLITASRAADTASYFC
ATWLSGSARQLTFGSGTALTVLPDIQNPDPAVYQLR
NSKSSDKSVCLFTDFDSQTNVSQSKDSDVYITDKTY
| DMRSMDFKSNSAVAWSNKSDFACANAFNNSIPE
DTFEPSPESSCDVKLVEKSFETDTNLNFONLSVIGE




CDR3 beta 8 CASSNRASSYNEQFF 23 TCR beta 8
MDSWILCCVSLCl LVAKHTDAGVI CSPRHEVTEMG QEVTLRCKPI SGHDYLFWYROTMVRGLELLI YENNN

VPI DDSGWP SFSTLKI QPSEPRDSA VYFCASSNRASSYNEOFbERGE: Rlad pvileledal KNVFPP
EVAVFEPSEE@F@E@%%VCL ATGFYPDHVEL SW WNGKEVHSGVSTDPQPLKEQPAL NDSRYCL SSRL

RVSATFWONPRNHFRCQVQFYGL SENDEWTQDRA  KPVTQ VSAEAWGRADCGFTSESYQQGVL SATI LYE
| LLGKATL YAVLVSALVLMAMVKRKDSRG 24 H3c18-27 peptide (HBV genotype A/ D E/F)
(WI C18-27) FLPSDFFPSV 25 HBol 8-27 peptide FLPSDFFPSI 26 WD

2009/ 136874PCTI SG2009/ 000165 44 42 :

B RILLLKVAGFNLLMTLRLWSS.
CDR1 beta 8 {(WT) ATT TCA GGA CAC GAC TAC CTT ] 13
CDR2 beia 8 (WT) TAC TTT AAC AAC AAC GTT CCG ATA . 14
CDRS3 bata 8 (WT) TGT GCC AGC AGC AAT CGG GCG AGC TCC TAC | 15
AAT GAGCAG TICTIC
TCR beta 8 (WT) ATGGACTCCTGGACCCTCTGCTGTGTGTCCCTTT | 18

GCATCCTGGTAGCAAAGCACACAGATGCTGGAGT
TATCCAATCACCCCGGCACGAGGTGACAGAGATG
GGACAAGAAGTGACTCTGAGATGTAAACCAATITC
AGGACACGACTACCTITTCTGGTACAGACAGACC
ATGATGCGGGGACTGGAGTTGCTCATITACTTTAA
CAACAACGTTCCGATAGATGATTCAGGGATGCCC
GAGGATCGATTCTCAGCTAAGATGCCTAATGCAT
CATTCTCCACTCTGAAGATCCAGCCCTCAGAACC -
CAGGGACTCAGCTGTGTACTTCTGTGCCAGCAGC
AATCGGGCGAGCTCCTACAATGAGCAGTTCTTCG
GGCCAGGGACACGGCTCACCGTGLTAGAGGACC
TGAAAAACGTGTTCCCACCCGAGGTCGCTGTGTT
TGAGCCATCAGAAGCAGAGATCTCCCACACCCAA
AAGGCCACACTGGTGTGCCTGGCCACAGGCTTCT
ACCCCGACCACGTGGAGCTGAGCTGGETGGGETGA
ATGGGAAGGAGGTGCACAGTGGGGTCAGCACAG
ACCCGCAGCCCCTCAAGGAGCAGCCCGCCCTCA
ATGACTCCAGATACTGCCTGAGCAGCCGCCTGAG
GGTCTCGGCCACCTTCTGGCAGAACCCCCGCAAC
CACTTCCGCTGTCAAGTCCAGTTCTACGGGCTCT
CGGAGAATGACGAGTGGACCCAGGATAGGGCCA
AACCTGTCACCCAGATCGTCAGCGCCGAGGCCTG
GGGTAGAGCAGACTGTGGCTTCACCTCCGAGTCT
TACCAGCAAGGGGTCCTGTCTGCCACCATCCTCT
ATGAGATCTTGCTAGGGAAGGCCACCTIGTATGC
CGTGCTGGTCAGTGCCCTCGTGCTCGATGGCCATG
GTCAAGAGAAAGGATTCCAGAGGCTAG

CDR1 beta 8 (OPT) ATC TCT GGG CAC GAC TAC CTG 17
CDR2Z beta 8 {OPT) TAT TTT AAT AAC AAT GTG CCT ATC 18
CDR3 beta 8 (OFT) TGT GCC TCC TCC AAC CGG GCC TCC TCT TAT | 19

AAC GAG CAG TTC TTC

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




( I-1 BV genotype B/ C)(271) Natural Variant 1 FLPNDFFPSV 27 Nat ur al

Vari ant 2 FLPNDFFPSA 28 Natural Variant 3 FLPADFFPSI 29 Nat ur al

FLPVDFFPSI 30 Natural Variant 5 FLPTOYFFSV 31

WO 2009/136874

Vari ant 4

PCT/SG2009/000168
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CTCTGGGCACGACTACCTGTTCTGGTACAGGCAG
ACCATGATGAGGEGGCCTGGAACTGCTGATLTATT
TTAATAACAATGTGCCTATCGATGACTCTGGCATG
CCOGAGGACAGGTTCTCCGCCAAGATECOCAAC
GCCAGCTTCTCCACCCTGAAGATCCAGCCCTCCG
AACCTAGGGACTCCGCCGTEGTACTTCTGTGCCTC
CTCCAACCGGGCCTCCTCTTATAACGAGCAGTTC
TTCGGCCCTGGAACCCGCCTGACCGTGCTGGAG
GACCTGAAAAATGTGTTTCCCCCCBAGGTRGCCE
TGTTTGAACCAAGCGAGGCCGAGATCAGCCACAC
ACAGAAGGCCACCCTGGETGTGTCTGGCCACCGG
ATTCTATCCCGATCACGTGGAGCTGAGCTGGTGE
GTGAACGGGAAGGAGGTGCACTCTGGCGTGAGC
ACCGACCCTCAGCCACTGAAAGAGCAGCCCGCC
CTGAATGATTCTCGGTACTGCCTGTCCAGCCGCC
TGCGCBTETCTGCCACCTTCTGGCAGAACCCCAG
AAATCACTTCAGGTGCCAGBTGCAGTTCTATGGG
CTGAGCGAGAACGACGAATGGACCCAGGACAGA
GCCAAGCCTETGACACAGATCGTGTCTGCCGAAG
COCTEGGGCAGAGCCGACTGCGGCTTTACCAGCG
AGAGCTACCAGCAGGGCGTGCTGTCCGCCACAAT
TCTGTACGAGATCCTGCTGGGAAAGGCCACACTG
TACGCCGTGCTGGTGAGCGCCCTGETGCTGATE
GCCATGGTGAAGCGGAAAGACTCCCGGGGCTGA

CDR1 beta 8 ISGHDYL 21

CDR2 beta 8 YFNNNVPI 22

CDR3 beta 8 CASSNRASSYNEQFF 23

TCR beta 8 MOSWTLCCVSLCILVAKHTDAGVIQSPRHEVTEMG | 24
QEVTLRCKPISGHDYLFWYRQTMMRGLELLIYFNNN
VPIDDSGMPEDRFSAKMPNASFSTLKIQPSEPRDSA
VYFCASSNRASSYNEQFFGPGTRLTVLEDLKNVFPP
EVAVFEPSEAEISHTQKATLYCLATGFYPDHVELSW

 WVNGKEVHSGYS TDPQPLKEQPALNDSRYCLSSRL

RVSATFWQNPRNHFRCQVQFYGLSENDEWTQDRA
KEVTOIVSAEAWGRADCGFTSESYQQGVLSATILYE
ILLGKATLYAVLVSALVLMAMVKRKDSRG

HBc18-27 peplide FLPSDFFPSV 25

(HBV genotype A/D/E/F)

(WT c18-27)

HBc18-27 peptide FLPSDFFPS] 28




Nat ural Variant 6 FLPSDFYPPV 32 Natural Vari
_ ant 7 (26G FLPSDFFPGV
Natural Variant 8 (25M 26G FLPSDFFMGV 34 Nat ur al (Vari)ant 9 (23Y) >

FLPSDYFPSV 3 tural Vari -
(21P) FLPW%IQ’%‘;% ariant 10 (24L) FLPSDFLPSV 36 Nap#kahoodMadoka@nt 11

44
{HBV genotype
B/CY271)
Natural Variant 1 FLPNDFFPSV 27
Natural Variant 2 FLPNDFFPSA 28
Natura! Variant 3 FLPADFFPS] 29
Natural Variant 4 FLPVDFFPS] 30
Natural Variant 5 FLPIDYFPSV 31
Natural Variant 6 FLPSDFYPPYV 3z
Natural Variant 7 (26G) | FLPSDFFPGY 33
Natural Variant 8 (25M, | FLPSDFFMGY 34
28G)
Natural Variant @ (23Y) | FLPSDYFPSY 35
Natural Variant 10 (24L} | FLPSDFLPSY 36
Natural variant 11 (21P) | FLPPDFFPSV 37
Natural Variant 12 (27A) | FLPSDFFPSA 38
Natural Variant 13 (24Y) | FLPSDFYPSY 3¢

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 SEQ D
NO:
OBRT alpha 12 (WT) | GAC CGA GGT 1CC CAG TCC 0
CDR?2 alpha 12 (WT) ATA TAC TCC AAT GGT 41
e .




Natural Variant 12 (27A) FLPSDFFPSA 38 Nat ur al

39 "-Tro airtha 'k a nti

naturally occurring HBc 18-27 epitope mutant [
pepti des.
NO . CDR1Y4! ?ﬁﬁ%”isz"g(wr) GAO CGA GGT TCC CAG chp4o w%@gﬁﬁgﬁ@gﬁ?

TAO TOO AAT GGT 41

Variant 13 (24Y) FLPSDFYPSV

Tabl e 1. Sequences ofep to beta 8 chains and

45

ce SEQID
W) ATA

CDR3 alpha 12 (WT)

TET GOG GTG AAC CTC TAT GCA GGC AAC

ATG CTCACCTTT

42

TCR aipha 12 (WT)

ATGATGABATCCT TGAGAGTTTTACTAGTGATCCT

GTGGCTTCAGTTGAGCTGGGTTTGGAGCCAACAG
AAGGAGGTGGAGCAGAATTCTGGACCCCTCAGTG
TTCCAGAGGGAGCCATTGCCTCTCTCAACTGCAC

TTACAGTGACCGAGGTTCCCAGTCCTTCTICTGGT
ACAGACAATATTCTGGGAAAAGCCCTGAGTTGATA
ATGTTCATATACTCCAATGGTGACAAAGAAGATGG
AAGGTTTACAGCACAGCTCAATAAAGCCAGCCAG

TATGTTTCTCTGCTCATCAGAGACTCCCAGCCCAG
TGATTCAGCCACCTACCTCTGTGCCGTGAACCTC

TATGCAGGCAACATGCTCACCTTTGGAGGGGGEAA
CAAGGTTAATGGTCAAACCCCATATCCAGAACCCT
GACCCTGCCGTGTACCAGCTGAGAGACTCTAAAT

CCAGTGACAAGTCTGTCTGCCTATTCACCGATTTT
GATTCTCAAACAAATGTGTCACAAAGTAAGGATTC
TGATGTGTATATCACAGACAAAACTGTGCTAGACA
TGAGGTCTATGGACTTCAAGAGCAACAGTGCTGT

GGCCTGGAGCAACAAATCTGACTTTGCATGTGCA

AACGCCTTCAACAACAGCATTATTCCAGAAGACAC
CTTCTTCCCCAGCCCAGAAAGTTCCTGTGATGTCA
AGCTGGTCGAGAAAAGCTTTGAAACAGATACGAA

CCTAAACTTTCAAAACCTGTCAGTGATTGGGTTCC
GAATCCTCCTCCTGAAAGTBGCCGGGTTTAATCT

GCTCATGACGCTGCGGCTGTGGTCCAGCTGA

43

CDR1 alpha 12

DRGSQS

44

CDR2 aipha 12

IYSNG

45

CDRS3 alpha 12

CAVNLYAGNMLTF

46

TCR aipha 12

VMKSLRVLLVILWLGLSWVWSQQKEVEQNSGPLSY
PEGAIASLNCTYSDRGSQSFFWYRQYSGKSPELIMF
IYSNGDKEDGRFTAQLNKASQYVSLLIRDSQPSDSA
TYLCAVNLYAGNMLTEGGGTRLMVKPHIGNPDPAV
YOLRDSKSSDKSVCLFTDFDSQTNVSQSKDSDVYIT
DKTVLDMRSMDFKSNSAVAWSNKSDFACANAFNN
SIPEDTFFPSPESSCDVKLVEKSFETDTNLNFQNLS
VIGFRILLLKVAGFNLLMTLRLWSS

47

CDR1 beta 7.8 (WT)

TCG GGT CAT GTATCC

43

CDR2 heta 7.8 {WT)

TTC CAG AAT GAA GCT CAA

49




WO 2009/ 136874PCT/ SG2009/ 000165 45 CDR3
al pha 12 (W
TAT GCA GGC MC ATG CTC ACC TTT 42 TCR al pha F132 (WI')( ) TGT GoC 616 ME C1e

ATGATGAAATCCTTGAGAGT TTTACTAGTGATCCT 4 é@m

GCCTTCAGI TGAGCT

AT GCOAGG TCOCAGTOCTT T T aT ACKGACARTAT TCTGL 3
TCTGGI ACAGACAATATTCTGGGAAAA

?X_CI_S'(I; TlCATATACT CCAATGGTGACAAAGAAGATGG AAGGT TTACAGCACAGCT CAA'IC::CCCTAAAGCCAGAGFGCCATGA-IC;A43

A TocA . g _IC_IT Gé_(I_ZT CATCAGAGACTCCCAGCCCAG TGATTCAGCCACCTACCTCTGIGCCGTGAACCTC

A GBCAAGFACCA%% EAEAW CCXAG?'\% GGTCAAACCCCATATCCAGAACCCT

GATTCTCAAACAAATGT GTCACAAAGTAAGGATTC TGA TeACAC ARCTG AGAC

TGIGTATATCACA
TGAGGTCTATGGACT TCAAGAGCAACAGT GCTGT  GECCT GGAGCAACAAAT%%JCTGF@FAGACA

AACGCCTT A ACANACACCATF-ATFACN ~
FODE Bt 78 (v CRGAEEACCAEGCTOCOGEEGUICCAGRARST TCEFGTGATGT CA
CAG CCC CAG CATTTT

TCR beta 7.8 (WT) ATGGGCACCAGGCTCCTCTGCTGGGTGGTCCTG 51
GGTTTCCTAGGGAGAGATCACACAGGTGGTGGAG
TCTCCCAGTCCCCTAGGTACAAAGTCGCAAAGAG
AGGACAGGA?GTAGCTCTCAGGTGTGATCCAATT
TCGGGTCATGTATCCCTTTTTTGGTACCAACAGGC
CCTGGGGCAGGGGCCAGAGTTTCTGACTﬂNﬂTC
CAGAATGAAGCTCAACTAGACAAATCGGGGCTGG
CCAGTGATCGCTTGTTTGCAGAAAGGCCTGAGGG
‘ATCCGTCTCCACTCTGAAGATCCAGCGCACACAG
CAGGAGGACTCCGCCGTGTATCTCTGTGCCAGCA
GCTCGGACTTWSGCAATCAGCCCCAGCATTTTGG
TGATGGGACTCGACTCTCCATCCTAGAGGACCTG
AACAAGGTGTTCCCACCCGAGGTCGCTGTGTTTG
AGCCATCAGAAGCAGAGATCTCCCACACCCAAAA
GGCCACACTGGTGTGCCTGGCCACAGGCTTCTTC
CCTGACCACGTGGAGCTGAGCTGGTGGGTGAAT
GGGAAGGAGGTGCACAGTGGGGWCAGCACGGAC
CCGCAGCCCCTCAAGGAGCAGCCCGCCCTCAAT
GACTCCAGATACTGCCTGAGCAGCCGCCTGAGG
GTCTCGGCCACCTTCTGGCAGAACCCCCGCAACC
AGTTCCGCTGTCAAGTCCAGTTCTACGGGCTCTC
GGAGAATGACGAGTGGACCCAGGATAGGGCCAA
ACCCGTCACCCAGATCGTCAGCGCCGAGGCCTG
GGGTAGAGCAGACTGTGGCTTTACCTCGGTGTCC
TACCAGCAAGGGGTCCTGTCTGCCACGATCCTCT
ATGAGATCCTGCTAGGGAAGGCCACCCTGTATGC
TGTGCTGGTOAGCGCCCTTGTGTTGATGGCCATG

GTCAAGAGAAAGGATTTCTGA
CDR1beta 7.8 SGHVS 52
CDR2beta 7.8 FQNEAQ 53
CDR3 beta 7.8 CASSSDFGNQPQHF 54
TCR beta 7.8 GCTRLLEWVVLGELGTDHTGAGVSQSPRYKVAKR | 55

GQDVALRCDPISGHVSLFWYQQALGQGPEFLTYFQ
NEAQLDKSGLPSDRFEAERPEGSVSTUQQRTQQED
SAVYLCASSSDFGNQPQHFGDGTRLS&EDLNKVFP
PEVAVFEPSEAESHTQKATLVCLATGFFPDHVELS
VﬂNVNGKEVHSGVSTDPQPLKEQPALNDSRYCLSS
RLRVSATHNQNPRNHFRCQVQFYGLSENDEWWQD
RAKPVWQWSAEMNGRADCGFTSVSYQQGVLSAﬂL
YEILLGKATLYAVLVSALVLMAMVKRKDF




AGCTGGTCGAGAAAAGCL | | GAAACAGATACGAA CCTAAACTTTCAAAACCTGTCAGTGATTGGGTTCC
GAATCCTCCTCCTGAAAGTGRCCGGG | | i AATCT GCTCATGACGCTGCGRCTGTGGTCCAGCTGA
CDRL al pha 12 DRGSQS 44 CDR2 al pha 12 1YSNG 45 CDR3 al jhasdpodedVilk YAGNM LTF
46 TCR al Wﬁaz‘]q_%”ﬁﬁvﬁ(smvuw LW QL SWMBQQKEVEQNSGPL SV

PEGAI ASLNCTYSDRGSGSFFWYROYSGKSPEL| MF | YSNGDKEDGRFTAQLNKASQYVSLLI RDSCI PSDSA
TYLCAVNL YAGNM. TFGGGTRLMVKPHI QNPDPAY  YQL RDSKSSDKSVCL FTDFDSQTNVSCI SKDSDVY! T
DKTVL DVRSVDFKSNSAVAWENKSDFACANAFNN S| | P EDTFF PSP ESSCDVKLVEKSFETDTNL NFQ
N LS VI GFRI LLLKVAGFNLLMTLRLWSS 47 47

HBs370-79 peptide SIVSPFIPLL 55
{HBV genotype A/D)

HBs370-79 peplide NILSPFMPLL 57
{HBV genotype B)

HBs370-79 pepiide NILNPFLPLL 58
{HBV genotype C) ‘

Table 2. Sequences of HBV eptiope reactive exogenous TCR alpha 12 and
beta 7.8 chains and naturally occurring HBe 370-79 epitope mutant

peptides.
Having now generally described the invention, the same will be more readily

5 understood through reference to the following examples which are provided by
way of lllustration, and are not intended o be limiting of the present invention.

EXAMPLES

Standard molecular biology technigues known in the art and not specifically
described were generally followed as described in Sambrook and Russel,
10 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 flustrative of the invention and are not limiting upon the reasonable

15  scope of the appended claims.

Example 1

Cioning Hepatitis B virus specific T cell specific for HBV core 18-27 epitope
(HBc18-27)
Peripheral blood lymphocytes (PBL) were isolated from fresh blood obtained

20 from a HBV patient who was able to resolve the disease and who was of HLA
haplotype HLA-AQ201 herein referred to as "a resolved HLA-A201 HBV patient”,



CDRL beta 7.8 (W) TCG GGT CAT GTA TCC 48 CDR2 beta 7.8 (W) TIC CAG PAT GM
GCT CM 49 WD 2009/ 136874PCT/ SG2009/ 000165 46 TOTGCCAGCAGCTOGGACTTTGGCAAT

50 CDR3 el @,y GAG COCCAG CAT I 1 ( PCT/SG2009/000165

48

The blood was first heparinised and PBL were isolated using Ficoll-Paque
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
5 uM of HBV core 18-27 epitope (“HBc18-27 peptide”™; FLPSDFFPSV; SEQ 1D
NO: 25; Primm SRL, Milano, ltaly) plus 20 U/m! interleukin-2- (R&D systems,
Minneapolis, MN) and plated in a 24-well plate at 4 X 10° cellsiweli for 10 days.

The HBc18-27-specific CD8+ T cells prepared as above were then labelled with
phycoerythrin (PE)-conjugated HLA-A2 class | pentamers herein referred to as
10  “HBc18-27-HLA-A201 pentamers” andfor “HLA-AZ2 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 (Miitenyi Biotech,
Surrey, United Kingdom). Following isolation, cells were labelled with Cy-
chrome-conjugated anti-CD8+ (BD Pharmingen, San Diego, CA) and the
15  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 ef al. incorporated

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

20 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, Carlsbad, CA), 20 U/m!
IL-2, 10 ng/mi IL-7, and 10 ng/mi IL-15 (R&D systems, Minneapolis, MN) with

25 1.5 pg/ml phytohemaggiutinin (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 et al. incorporated herein by reference.



TCRI Det aT8( NT) ATGGGCACCAGCCTCCTCTGCTGEAE GGTCCTG
G3 | | CCTAGCGACAGATCACACAGGTGCTGCGAG TOTCCCAGT CCCOTAGGTACAAAGT CGCAAAGAG

AGGACAGGATGI. A%! CAGGTGIGATCCAATT TOGGGICATGTATCCCI | | ddh SekabidodyasAGCC 51
CCTGGGGECA | 1 CTGACTTATTTC CAGAATGAAGCTCAACTAGACAAATCGEGEECTGC

CCAGTGATCGCTTCH GCAGAAAGGCCTGAGGEG  ATCCGT CTCCACT CTGAAGAT CCAGCGCACACAG
CAGGAGGACTCCGCCGTGTATCTCTGTGCCAGCA GCTCGGACH | | GGCAATCAGCCCCAGCAL T T GG
TGATGGGACTCGACTCTCCATCCTAGAGGACCTG AACAAGGTGITCCCACCCGAGGTCCCTGICGHN G
AGCCAT CAGAAGCAGAGAT CTCCCACACCCAAAA  CFgCACACT GGT GTGCCTGECCACAGECTTCTTC
CCTGACCACGT GGAGCTGAGCTGGTGGGTGAAT  GGGAAGGAGGT GCACAGT GGGGT CAGCACGGAC
CCGCAGCCCCT CAAGGAGCAGCCCGCCCTCAAT GACTCCAGATACT GCCTGAGCAGCCGCCTGAGG
GI'CTCGGECCACCT TCTGECAGAACCCCCGCAACC ACTTCCCCTGTICAAGTCCAGT TCTACGEECTCTC

G ACAGABAASRE TR R BT A B RSP R GORTEE T CT
ATGAGAT CeaTda&TECoMETHS] @XFEAGCUHISE THIRGFdhAREECEATG
GTCAAA el co-rl;;er,T %g'é"ed tgq;'x\a/r%inz a%Dngggt\ggs' %efected for further study. The

results, depicted in Figure 2A, demonstrate that 100% of CD8+ and HBc18-27-

5 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 VB 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

10 expressed the same TCR. Accordingly, the resultant TCR VB distribution for
G183, 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

15 clone and was grown and maintained in Aim-V, 2% AB serum, 20 U/mi 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

20 HepG2 is a HLA-A2+, hepatocyte-like tumor cell line isolated from a primary
hepatoceliular carcinoma tumor (HCC). HepG2 cells (American Type Culture
Collection, Rockford, MD) were grown and maintained in RPMiI 1640
supplemented with 10% heat-inactivated fetal bovine serum (FBS), 20 mM
HEPES, 0.5 mM sodium pyruvate, 100 U/m! peniciliin, 100 pg/mi streptomyain,

28  MeM amino acids, L-glutamine, MeM nonessential amino acids (Invitrogen,
Carlsbad, CA), and 5 pg/mi 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



CDR2bea7. 8 FCNEAQ 53 CDR3bea7.8 CASSSDFGNQPQHF 54 TCRbeta7.8
MGTRUCW/VLG-LGTCHTGAGVSCI SPRYKVAKR GQDVAL RCDPI SGHVSL PNYQQAL GOGPEFLTYFQ

NEACL DKSGﬁPREﬁ:%: PEGSVSTLKI CRTQQED SAVYLCASSSDFGNCI PRHEEXahbiboak dsEDL NKVFP
PEVAVFEPS S TLVCLATCGEFPDHVELS WWNGKEVHSGVSTDPOPL KEOPALNDSRYCLSS

RL RVSATRNONPRNHFRCQVQFYGL SENDEWIQD  RAKPVTQNSAEAI NGRADCGFTSVSYQQGVL SATI L
YEI LLGKATLYAVLVSALVLMAMVKRKDF 55 WO 2009/ 136874PCT/ S&009/ 000165 47
H5s370-79 peptide SIVSPFI PLL 56 (HBV genotype ND)

50

express the entire HBV genome under the control of a doxycycline dependent
regulator, which permits viral antigen to be expressed at various levels as
described in Sun and Nassal, 2008. A vector control parental cell line,
HepG2TA2-7 (Kindly provided by Michael Nassal at the University of Freiberg)
5 was stably transfected with the doxycycline dependent regulator but not the
HBV genome. Both cell lines HepG2.105 and HepG2TAZ2-7, were grown in
Dulbecco’s meodified Eagle’s medium supplemented with 10% {etracycline-
approved FBS (BD Biosciences, San Diego, CA), 20 mM HEPES, 0.5 mM
sodium pyruvate, 100 U/ml penicillin, 100 pg/ml sireptomycin, MeM
10  nonessential amino acids (Invitrogen), 200 pg/ml G418 suifate, 80 pg/ml
Hygromyein B (AutogenBioclear, Wiltshire, United Kingdom). Doxyeycline (0.1
to 100 ng/m!, BD Biosciences) was added to cultures to regulate HBV

exprassion.

The standard HepG2 cells were labeled with 0.75 uM carboxyfluorescein
15 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, ltaly) for 1 h on ice. Unlabelled (0 M HBc18-27 peptide) and
CFSE-abelled {plus HBc18-27 pepiide} HepGZ cells were mixed together in a
1:1 ratio, 2 x 10° cells of each HepG2 cell line, in 24-well plates and incubated
20  overnight to permit HepG2 adherence. To determine if C183 was capable of
kiliing HCC tumor cells, C183 clones obtained from Exampile 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 (unlabelied + CFSE-labelled HepG2 cells) ratio
25 was 1:1. After 5 h co-incubation, HepG2 cells were collected via frypsinization
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 celis (no HBc18-27 peptide) which were co-cultured
with C183 remained and nearly all HepG2 cells which were HBc18-27 and



H3s370-79 peptide N LSPFVMPLL 57 (HBV genotype B) H3s370- 79 peptide
NI LNPFLPLL 58 (HBV genotype C) --,... _, Table 2. Sequences of HBV

active exogenous
ephope reacl|ve exag PCT/SG2009/000165
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CFSE positive were eliminated by C183 as shown in the last column. The
results indicate that the HBc18-27 specific cytotoxic T celi clone, C183 was

capable of killing tumor cells presenting HBV peptides.

Further, to determine if C183 can recognize endogenously processed antigen

5 presented by HCC cells, C183 was co-cultured with HepG2.105 or HepG2TA2-
7 control line and then tested for cytokine production and cytotoxic
degranulation (CD107a+ staining), an indirect measure of killing. 1 x 10° celis of

each HepG2.105 and HepG2TA2-7 cell line were seeded separately into 96-

well plates and incubated ovemnight to permit HepG2 adherence. For cytotoxic

10 degranulation assays, CD107a-PE antibody (BD Pharmingen, San Diego) was
first added to all wells before a total of 1 x 10° of C183 clones were added to
each well with the adhered HepG2.105 or HepG2TA2-7 control line and
incubated for 5 h at 37°C. The resuitant effector (C183):target (HepG2.105 or
HepG2TA2-7 control line) ratio was 1:1. Following the incubation, C183 T cells

15 were harvested, washed and stained with Cy-chrome conjugated anti-CD8+
(BD Pharmingen, San Diego, CA) then permeabilized and fixed using
Cytofix/Cytoperm (BD Pharmingen, San Diego) according to the manufacturer’s
instructions. Cells were washed and incubated with PE-conjugated anti-human
IFN-y antibody (R&D systems) for 30 min on ice then washed and analyzed by

20 flow cytometry using the 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.

As shown in Figure 4A, C183 did not respond to the control cell line HepG2TA2-
25 7 that was HBV negative. However, as shown in Figure 4B, co-culture of C183
with HepG2.105 cells expressing HBV, stimulated IFN-y production and
degranuiation, indicating that C183 clone recognized the HBc18-27 epitope
endogenously processed and presented by hepatoceliular carcinoma cells.
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procedure described below.

Liver tissue was obtained from both HLA-A2+ or HLA-A2- explanted chronic
HBV patients under informed consent according to ethical and moral guidelines
of the institution. Tissue sections were collected in William’s E medium (Sigma-
Aldrich, Dorset, United Kingdom) and maintained at 4°C for a maximum of 2 h
before cell isolation. Hepatocytes were isolated by enzyme perfusion described
for use with human liver by Strain ef al. (Strain, Ismail ef a/. 1991) with some
modifications. Briefly, a section of liver of about 100 to 200 g was cut, and
exposed vessels on a single surface were cannulated with 3-mm internal
diameter tubing. The tissue was perfused sequentially at 50 ml/min with 500 ml
PBS-HEPES wash solution to remove William's E medium, 500 m! PBS~
HEPES-0.5 mM EGTA, and again with 500 ml PBS-HEPES wash solution (The
solutions were obtained from Invitrogen Lid.). Finally, 300 ml enzyme solution
(0.05% collagenase (Roche, Indianapolis, IN), 0.012% hyaluronidase (Sigma,
Dorsat, United Kingdom), 0.025% Dispase il (Roche), 0.005% DiNase (Roche)
containing 5 mM CaC1z), maintained at 41°C, was perfused with recirculation,
and enzymatic digestion continued for 10 fo 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-pm cell sirainer 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-

ot ype



48 The bl ood was first heparinised and PBL were isolated using Ficoll-Paque
density gradient centrifugation. PBL were then washed three tines in Hanks
Bal anced Salt Sol ution (HBSS) (Invitrogen, Carlsbad, ’ &ﬁﬁ?ﬁo‘%‘? aded in

Al mV med P8R dman AB serum (Invitrogen, Carl sbad, TCA) St il at ed wi t h
1 pMof HBV core 18-27 epitope ("HBcl8-27 peptide"; FLPSDFFPSV; SEQ I D NO
25; Primm SRL, Mlano, Italy) plus 20 Um interleukin-2- (R&D systens,

M nneapolis, M) and plated in a 24-well plate at 4 x 106 cells/well for 10
days. The HBc18-27-specific CD8+ T cells prepared as above were then

| abel | ed wi th phycoerythrin (PE)-conj%yated HLA-A2 class 1 pentaners herein
referred to as 10 "HBc18-27- HLA- A201 pentaners" and/or "HLA-A2 pentaner”
(Proi mmune, Oxford, United Kingdon) bearing the HBc18-27 epitope for 30 nmin
at 37C and purifi ed via magnetic cell sorting using anti-PE m crobeads

(M1 tenyi Apirhdcholosing the, incrbatise, [ sridovgre NEsYeod.nyashest ard slainggel | s were
| abel | ed wi. L ego, CA)
and the 15“;‘” eﬂ%\éﬁ &3%8\81?@% ne@pqﬁgel ?&g?e Qggﬂfﬁ%;tgg%b éﬂj‘tr@n

FI uor escepeemasiilixat st ¢iréd usingt Cyigfi/EAEpeman&l Sharmisigey, SaFAIISQ@)n flow

01 twar o EREPEISSR e SR ooty N AP (PR
descri bed yith FFFOLdIMLREcRaNt- ng@faaqmt\eahtm@d;um&m/syseéms emagdd'mém)esul ts

are shown in Figure ZA. 20 The CD8+ nd HBc A- ntarre positive
T cells aéornﬁﬂtmahea igpofen Weshed Re B%.fi?d“ m‘?" HFRY B ution

assay as Vﬁ'ﬁ?&% g%w Bytoﬂé"tére(@tD de%b%@é@ sahdlgg?lr@)\\)agud afanyed @BtngCD 2007

by John sons, and. expanded 2% AS serum
(1 nvi trogéieIIQ@asil §bﬁ\uarecA$D msmmncqi)t oThe Howg criomatty7 madhed M$eAgien 1 L- 15

(5D 5y oty HeORRRR oot o B A oy @hamogl ut 1

rset usi ng a ogenel c irradiated PBL as

f eeder ceIIs Cells were pI ated at 1 cell/well on 96 well plates and wells
posi tiige flbe Tesds| ingiigure wesbowe$iaddCrl8? #5@'1@'92# fa)gamqn&r?muﬁs

e W IO GG I S g

provi ded orat rein b er ence.
2009/ 1368 pARErY S@ﬂﬁ@ﬁ@@&lﬁ&oﬂﬁa IHL@hAQ negsiiva V@W\Mfﬁb@ed meppéwie@eor

reactivit t hen. screened, usi ng .t he H pent aner
( Pr oi mruni‘”—%gﬁrldf““f@ﬁf e JERARGHSEH )i Waati%T?@ét ?h Cfégf]% %rzaef t?éoéﬁ%o her ei n
as 0183 wastrglyaateetbd sHmarnyHunean ﬁépaiacytame results, depicted in Figure 2A
denonstrate that 100% of CD8+ and H8c18-27- 5 HLA- A201 pentamer- reactive T

cells were detected. Clonality was tested using a panel of T cell receptor
(TCR) 184 SE@K@E—%MI anti bodi es (Beckman Coul ter, Fullerton, CA). This
procedure involved the use of a panel of vp antibodies that stained all

known Vf 3 Relaai tmtrtﬁrabféaddlmmeﬂsx-zazd*umj}peeap@yiaﬂ'iéwtea@ﬁdémi ng for only one vp
chain neant t it was highly Iikely that aII of the T cells of that clone

10 expres d th ne . Accor ul T 3 d ribution
for 0183, g‘ﬁ%"\/lﬁ*ﬁ\?ﬁ“&ﬁg o5 Bl ASER Ak SR Vi s s O
were Vf 38imesitdritve xHe@est mg mmgnemepzf(cl m ycamaécdgme \hﬁrAeAal |
derived froma single cell) gﬁthus clona‘?t é "%2%@\ taz{ﬁs; wn to be a
clonal , C%myp%dh@- Q‘?n'%'b'ﬁ%l N e ARDAOPURLRRY | Soffe '4Ad “hab gr own and
maj nt N, RCAD SREUD). FhohiBbid- g?ze ibPen@tprbsddd By BBY 10 ng/
| L- 15 %g&gﬁéné Abi ngdon, U%Dted Ki n 8 pn a 5%%%)2 hum dified
i ncubat or gaznoigpe{:B &chip PSDFFPS]; SEQ | NO 26) are the most prevalent in

Asia. Genotypes A and D, most prevalent in Europe and United states,

(FLPSDFFPSY; SEQ ID NO:25) are characterized by a valine at position 27

whereas genotypes B and C are characterized by an isoleucine at position 27.

25  This can have a profound impact on the ability of HBV patients to present the

HBc18-27 epitope or it can affect TCR recognition of the epitope.




Recognition of tunmor cells and primary human hepatocytes by 0183 T cell
clone 20 Hep& is a HLA-A2+, hepatocyte-like tunor cell line isolated from

a primary (?g@%"%cﬁg IuI ar carcinona tumor (HOC). Hep& eelkefubiimhéscan Type
Cul ture C& i‘on, Rockford, MD) were grown and maintained in RPM 1640

suppl enented with 10% heat -i nactivated fetal bovine serum (FBS), 20 nmV
HEPES, 0.5 nmM sodi um pyruvate, 100 Wi penicillin, 100 ug/nl streptomnycin,
25 MeM ami no acids, L-glutam ne, MeM nonessential am no acids (Ilnvitrogen,
Carl sbad, CA), and 5 ug/mL Pl asnocin é}lnvi voGen, San Diego, CA) to prevent
nycopl asma contam nation. A derivative of this |ine, Hep&.105 (Kindly
provi ded by M chael Nassal at the University of Freiberg) was engineered to
WO 2009/ 136874PCT/ SG2009/ 000165 50 express the enti re HBV genone under the

control of _a doxycycline dependent ul at or ermts yira antl gen
to be expridssadlityiofatddolfs rew@gslzs ‘é?cg%'g-c’r‘?%@&el ué)la é Co006. A

Vet on ContiioA gRATES Blelbnfel dy difiBRn t'@'ﬁ@t&%&@%f thel HLAdAY MHOvided yilp chael

Nassal at nivelsity of rel was stably transfected with the

doxycyecl i rwaasd@iemileﬁd usinguEpatein- ﬁﬂff Vtﬁ'@ﬁ (ERY) rmnsigenesnt calisttneBnawWn i nes
Hep&X2. 105 a P d medi um
suppl emente’ ggy\ﬂlé‘g %H%ﬁﬁ rdﬁ?f@y %{.gv@%%r y\/jieﬂd&@%%& Elgggl %él‘é?‘(hc%gg}ﬁgn D ego,
CA), 28 ﬂMrHEl?EﬁngOaﬁd Mrhisogi Resegrchvacrire, 1@|cg®pme)p§BIVcthh$fﬁ{m&®CB pg/ m
st rept onmyci M 10 no essential amno aci /n1 418
sul fate, ﬂ%ggvb ﬁl%r%t iU Aﬂ%g%%é?s gdirér hnﬁN#rég%ﬁ% T:Lf] ni ted
Ki Ingdorr) t%ﬁ&miéhlmﬁg (15 teligRingkre loaBBd Rivitts tricesestn) cwlafermmmslt ob .
cultures to regul ate essi on S ce abel e
with 0. 75(bm%ar1@99ﬁ“ﬂlﬁr'gé‘€£a ngfé‘é?c& W%ﬁ&?@ﬁ%@%@él \rﬁ\ﬂ@ ogen)
for 10 m @bt habed] | rrepel srimes e pul sed
with 10" 8%?@@@%% E;2/§eapept| tefss?fmm e:%b I 'ﬂ-lp%)bfor 1 hnon i ce.
Unl abebl eSRIQ WBYRI®hDE B&pHE abﬁ’saﬁ&P@tSEen%mmu Biscapway, hBR EB'Y B pept i de)
Hep&X2 cel | Sydere, m e f ch HepQ&
cell Iine, ,kﬁ wWehe msﬁggkﬁ%eggﬁd 9 'rple?ﬂ%\’etle%&éslgope&'dé et o6 Blre wit?

7.5)(104 G183 for 5 h in the presence of 10 ug/mi brefeldin A. IFN-y production

was measured by intracellular cytokine staining to determine T cell activation as

described In Gehring et al. incorporated herein by reference.

15 The results are shown in Figure 8. The resulis show the ability of C183 to
recognize the HB¢18-27 epitope from four different HBV genotypes (A, B, Cand
D) and that the HBc18-27 epitopes were presented by the three most dominant
HLA-AZ subiypes (HLA-AZ01, HLA-A208, and HLA-A207). The C183 T cell
response is plotted at % IFN-y+ cells. The black bars represent the frequency of

20 IFN-y+ C183 T cells able to respond to the HBc18-27 epitope from HBY
genotypes A/D (C18-V) whereas the grey bars represent the frequency of C183
T celis able to respond to HBc18-27 epitope from HBV genotypes B/C (C18-!)
The data shows that HBc18-27 epitopes presented by (A) HLA-A201; (B) HLA-
A206; and (C) HLA-A207 MHC class | molecules were recognized by C183.

25 183 recognized the HBc18-27 epitope with high sensitivity (s 1 pM) from all
genotypes and the epitope was recognized almost equally when presented by
the three most dominant HLA-A2 subtypes (A) A0201, (B) A0206 and (C)
A0207.



20 overnight to permt Hep& adherence. To determne if Cl183 was capabl e of
killing HCC tunor cells, C183 clones obtained fromExanple 1 were
co-cultured with the Hep& cells that were adhered to <
("target s™MP2OR/BBYA of 4 x 105 of C183 clones were ad';dée]lgS(\fI%Mtﬂﬁgm?ar gets
and incubated for 5 h at 37C. The resultant effector (Cl83):target

(unl abel l ed + CFSE-| abell ed Hep& cells) ratio 25 was 11. After 5 h
co-incubation, Hep& cells were collected via trypsinization and
cytotoxicity was determ ned by conparing ratio of peptide pulsed targets to
unpul sed targets in wells +1- the ad®tion of C183. The results shown in
Figure 3 depict that CFSE negative cells (no HBcl8-27 peptide) which were
co-cultured with C183 rermained and nearly all Hep& cells which were
HBc18-27 and WO 2009/ 136874PCT/ SG2009/ 000165 51 CFSE positive were

el i mi nat eflo urthdB8haw thlhabvire iHBa- 127 aECRcBanadvcethE qadls vlecaohialitbat e t hat

t he HBc18- 27 i fi totoxjc T cel I Killi

tunor el HBoE B2 dntpie espninply MuliPieLFrnss sublBas Hia veRBEDRRIgNS | L) "

r ecogni zese{HioseaPsisl7yesiiopes Epad transfogred B pekis erpredsing HOSADA0Ns - C183 was

co-cultured with HepG2. 105 or He GZTA%- '17? control |ine t%%g o hoﬁ.rf-lé sted for

cyt oki ne 69%%@51‘695%?18U'&W?%? Wﬁ?féc){o@gﬁ 2 B EERMESTE7A R Ring) . an

i ndirect gBas Bl j ) ahd &V gble BIS Hdal 8-HepRTA2- 7

Z:QI : rﬁ:ne mrgéegéé%gg&gglzg?%%’%f)s (F%tﬁgpg%t )&gu{ Iqses@tﬁg i cucgat dIO

over ni ghtZTGDiﬁmaﬁ(EigHé@pé(%Héﬁme reYideq iy %Eiiec f@dc?é’g‘?%lﬂ‘ﬁ? Wftgn assays,

CD107a- PR BRI ERBUAIEIIEERIS R £a8 atBdatioh whs adladrddngl | vel | s
al™ ‘of X T

before a of 01 cl ones were added to each well with the
adher ed Hep@2ellL0& aytokiep G2y TordBhty. dihel iefdlitsag shAWNLATEMESA 25 at 37C.

The resul tant,..ef.fector ol rol line)
rati o was®id gB) FIN tH&%ﬁ@@fﬁjﬁ%t@éﬁ%ﬂ%@ﬁe@é{{@ S%reg—l %@%est ed,
washegh angy @Ead;gmeméhﬂ&d@y-mmipiemLotbﬁpngaty@esanti - CD8+ (BD Phar m ngen, San
Di ego, CA) then perneabilized and fixed using Cytofix/Cytoperm (BD
Phar m ngep, San, D.ego) ac¢cor di the R8N N BLonSn IseRS. Cells
wer e vvash%@”%az R%}:%B%W%%%egl’{@%ﬁ%ggrﬁ]‘ ?‘ga & %\%‘#—ﬁrﬁg%él l\l—w;{ﬁtgr?te ?body ( R&D
systens) $Pme3MutErt puptides of B2 h epitape aad atoreeltirey vaith HEewW &7 onet ry

analy zed TRAGp GEPES o CoI5oPT Afcf (Bl o BELL, Bl TSt PRI MRt ry

met hod usglehfinbl iy Ritra@eRas! BRekihe sEeihingnior ¢FNat Thecseqamaebedfiieeei n by
reference. As shown in Figure 4A __ Cl183 did naqt resrP rﬁ%é{% t he trol cell

| c
|i ne HepGaupnt pestides Rea PIRNislerBy Tablad | G& CapcReIef oo, gure 48,
co-cul t urgpafyoC | LAnERREE T 9RuE RldognRsanaRE Lo itBMs sfttheHBd®d | FN-y
product i oﬁBgr?quﬁgp\gnhrPgtl o%,a 1|1ndfi cat i %9 that C183 cl one recogni zed the
HBc18- 27 Bpicpidqes. dihgogestond| andosting 2aeteirta the sseinelahalg th%;ﬁﬁ{%bééﬂ ul ar
carcino ells. 52 .ln or ine if C183 T cell clone can respond
to naturg-rfﬁe#%‘f‘%’iﬁ%% E?\%‘%ﬁ@@%ﬁ Eg%tﬁer'r?ary hepat ocytes were isolated from
HLA- A2+ or HLA- A2- explanted chronic HBV livers and co-cultured with 0183
accor di ngEkamplest procedur e descri bed below. 5 Liver tissue was obtained
from both HLA- A2+ or HLA- A2- explanted chronic HBV patients under inforned
consent agcordi i cal idehinesw®f the institution.
Ti ss se{:‘f‘\f)%gﬁg%\?\g&§3§é{%ﬂéc€2€£?ﬁ%%ﬂ% s E imedi um ( Si gma- Al dri ch,

Dorset, United Kingdom) and nmi nt gi ned at 4C for_a maxi mum of bef ore
cel | i sol attabRNAHepmisoitedFomedd 0 £FBatakenasysing Tzobdpyitiegem: de<Rri bed 10

for use with human |i i LAl St E&Hihct ba&Rity PmAt SRR91) wi th
some mdi?iPEQtaing?Pseﬁé gﬁ%@fﬁ?%}!%@é@ta?%ﬁﬁ%? Of"i vé(?d %}C a%out Y100 to 200 g was
cut, and gaipesediagsand supplied s gipe biunt dlc elowinge vedan ivradewneireams- nm
internal dianmeter tubing. The tissue was perfused sequentially at 50 m/mn
wi th 500 ®PNPBS- HEPES wash sol ution to remove Wllianis E nedium 500 m
PBS-

25 The sequence analysis revealed the presence of one TCR beta chain, V8.2,

and one TCR alpha chain, Va3 in C183. Further DNA sequence analysis using

the immunogenetics V-Quest algorithm



15 HEPES-0.5 nmM EGTA, and again with 500 m PBS-HEPES wash sol ution (The
solutions were obtained fromliInvitrogen Ltd.). Finally, 300 m enzyne
solution (0.05% cal | agenase (Roche, |ndianapolis, IN), o roni dase
(Sigma, DOYQEPYH4i% ed Ki ngdon), O.025% Di spase i i (Roé’ﬁ%’@%g%@@%“?ﬁ%‘mse
(Roche) containing 5 mM CaCl2), maintained at 41C, was perfused with
recirculation, 20 and enzymatic digestion continued for 10 to 20 mn until
the liver was judged to be substantially softened. Tissue was nmechanically
di ssociated in 200 m Hanks' bal anced_salt solution (Invitrogen Ltd.)
containing 10% FBS, 5 mM Cad 2. The cg$I suspension was filtered through a
60-pmcell strainer and pelleted at 37x g for 10 mn at 4C. Cells were
washed three tinmes in Hanks' 25 bal anced salt solution, after which
viability and yield were assessed. Purified hepatocytes were used

i mredi ate|(9ﬁﬁf/l¥wtqirm-fé{w@ﬁ_vqwﬁ@b@reﬁeﬂﬁﬁfr)y heldaprdeg es/ vel | YR added to

96 wel |l pl 1 Qo kY s for 5
h with ant%?@%&%@ g%??ﬁ%@ﬁg fﬁ%‘%ﬁ%ﬁgéﬁ?%&ﬁ’n&gﬁg?ﬁﬁgi Sg\gg'r[gnul ation
plus 10 pdi@nio, B2 BRQAD B0yHh-CDB3aABEL HhNOFd) roditng three umidumation, T

cells wer r, j k nj [

ant i'-CD8+%([g% 'éﬁﬁ%ﬁ%@gﬁé@ﬁéﬁe@g%@ﬁngpﬁg (N |§§dbz;%\g5'??ked usi ng
Cyt of i 8/ ODREE:rIBEGIDM@2%).ngen, San Di ego) according to the nanufacturers
instructions. Cells were washed and incubated 5 with FI TC conj ugat ed
anti-human | EN-y_anti body (R&D systens, Abingdon, UK) for 30 min on ice

t hen wash nal yzed by flow cytonmetry using the FACScan fl ow cytoneter
(BD Bi osci ences, SanDi ego, CA) and anal yzed using Cell Quest software (BD

Bi osci encéfroviFalecdrisinvctsy tarfening WBrhdd7usedificsTERr fHiRaT 8e&s diGR)ead n

Gehri ng etl al | inc%{zo at.ed herein by reference. 10 The results in Figure 5
show t hat y(’ﬂ%@c % ﬁ’%’g O'Eyt ot oxi ¢ granul es, neasured by CDl07a staining,
in response to HLA-A2 positive HBV infected prinmary hepatocytes but not to
HLA- A2 nedaR Ve3ldBd TORaMR 2 chdifapepptakacordibgidExamplanf etbosd, Wepmat ocyt es,
i ndi cating, that, t.h 83 .can recogni,ze ral i,nfected pripar uman
hepat géyt E’ﬁegén@%Hﬁcﬂ%‘@o Ifﬁté%vérﬁ? t%?%tﬁr Waﬂé?t‘*%ﬁ%?eﬂﬁﬂ’@i\%&éuggvﬁsg and
variant peptaabss (RiHdWipgeoBdd ibyf Beifésar i Sary SdarEs Ruyay Fase Afidaiqir obl em
and it is thus inportant to know if the HBcl18-27 SCF%’CiBfi[.Qé TCR cgln recogni ze
FLA A sublebes SHRD: dch: D rbsings 2n8) HAC bl A anBSHE Fiss (et al of
five 20 gengi-nReBididbs, BipstvichD mg LR Wi, HORE S ZAdeNiF/APQetPrRERed by HBV
genotypes B and C FLPSBFFPSI; SEQ ID NO 26) are the nost prevalent in

Asi a. Gendiggpied far dntl ab 376G switlpr 8\lAloé wach reryimep eDigedtednproddcist wewss

Wher ol BRI Benrurrase deT eipaditePPhate i Al Bind LG BCT, 7o
27. 25 Thegrasionhaty FCR phatheand NPPhgectonwehe naked int 41 obtidBWd fighteent s to

present the HBc18-27 epitope or it can affeci T% rec%;\g'iﬁi on of the
epi tope. O¥MighE ahiiCi wiih g4 B ligese EUBHIRTRS 1B B roOANS COpRIYGigm
genot ypes N ' ARl r At i B he
A g TR RV U PR e oSSl o ¥BGor e o)
t r ansf or ntodcaBficel PNA whgeht waapreeibt ypes of HLA- A2. (Kindly provided by
Prof essor Chan Soh Ha at WHO

20 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 fong terminal repeats (LTR) found in each construct.

Retroviral supernatants were prepared using a transient transfection method
25  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



5 I'munol ogy and Traini ng Research Centre, Singapore). EBV transforned B
cells fromany other source nmay be used in this procedure. The EBV
transforned B cells (105 cells/well) were | oaded with j j 5
concent r aMbHE” 188 M - 1000 pM of HBc18-27 peptide fri(;?nﬁglé?ﬂﬁggﬂﬁév
genotypes Al D or HBV genotypes B/C for 1 h at 25C (HBV Genotype ND =
FLPSDFFPSV; Prinmm 10 SRL; HBV genotype B/ C = FLPSDFFPSI, Genscri pt,

Pi scataway, NJ) EBV B cells were washed with HBSS to renbove excess peptide
and co-cultured with 7.5x104 C183 for 5 h in the presence of 10 uglrni
brefeldin A. IFN-y production was nmea®ured by intracellul ar cytokine
staining to determine T cell activation as described in Gehring et al.

i ncorporated herein by reference. 15 The results are shown in Figure 6. The
results show the ability of C183 to recognize the HBc18-27 epitope from
four diff¢RPES HBMigemolinpesgén, al] SQigimi PRsraeein (liwivogre). HBIESWErE epi t opes

ted the t { ] 5 )
HLA A206, TRRBCPIACAIBR EoRrUea S whrt a2 E MRS L o
cgl ls. ThmpbhaggRb@@;% mpHE{.i{mggﬁafz_etofgeﬂmeﬁbﬁHgg &@mmwi@wldpa:elvl) S
able to respond to the HBc18- ito ro nog -
wher eas tﬂéfg@b’e@ml{)@?g P prratser ?’P?é‘sf g&iﬁéngf’ygy %%@3a'¥£§29¢sﬁggﬁ€é§to
ot LB B A o0t By L AR0G. and ()
HLA- A207 RRG pheatix Tefielveerel esubaied &%c%@rﬁdﬂg&”ﬁ} %Eéts.b%ec&dé@"}rékogni zed
the HBc18- éger%&atn%o&epg 5&13@1!6:9*?05@&%5&0}1%5-5/ (5. 1 pM fromall genotypes and

t he epitoB Wwas tecogni zed al nost equal |y when presented by the three nost
dom nant HLA- A2 subtypes (A) A0201, (B) A0206 and (C) A0207, To further
show t hat HemthyBonesand domricr HRY dpeient pesipheel iileed rlar%hq%e%@%%l 27

epti ope presen y ' RSt HOYScTBlbaNteROf t he
HBC 18- 27 8“&’"%{?%,9 EeRR bhirBeSorieitng s?“@g?ﬁﬁg?gf 0. 20206 or

- AD2070 subleyipasrahverieod oeateshusicah dalier (2RNVGY vesyec isalated ifems wIURBerS

9 oy £ op SnerrTaRmE sSiisry s At B e leh Mafelliod ) Hothg e oD
e e B o o v £ or L Eb e Tog reobLts s shown
in Figur e@@%&%ﬁ@i‘(%ﬁe@éo apﬂitpg?hlg%%_ Ii%hz}j:r%%t?q gﬁs\gﬁig%&% cells

i gure. 12 e e ek e R s T <ol ?Q@&?’gﬁfgaﬁ th each

of t hes nutiapan)peptriighisatd CHEY elis were fianopeshadowith HERS aré Wil - 18- 27
TCR trans ed,, T.&el r. 5 [ e t pti des
was det er%l%%eg /°o§§?\nflf)$§§3p'|nm[‘ 'an;}:q%@% r%e?g?%%él#\%ﬂf\gésﬁNcgyﬁ%Eeérgquences
of the 15sguaptlispplatdddeto aetomeatini ceded wellabang Mixed vilintiseraieiat rom t he

results, the HBc-18-27 TCR transduc T cell i i tants of
t he HBc185URHMERNS I_ecqe%a%ﬁgﬁrﬁ}eﬁeg?%/eu %?r#%%(r&gﬁ éec%%g %y%'g&g@%@#ol wher e
the HLA- Agsriiedc®d hegaReecditiol | eadeshitvrddwiththe epbedetarbieotpl Rhokno

| sol ation of C183 T cell receptor, al pha ?nd bet hai n ?[{)NAdfl%t%aLg NA was

i sol aed Eelihskver m@@ﬁ%@%“ﬂﬁifﬁg‘?#ﬁ 2’813f°(*‘r-ﬂ"v1 VESES B8t fha and
beta chal g6/ OGRS BU0ODIRITAB IyinGiRRteRokolRARbSodld or 24Th SR M | ano,
Italy) and Supplied in

25" The oaqismonl avaimalest | HRANEE s e SEBETOobBONERE BOTaAERT n,
e AR, PGB0 SFgL . et o adkessssnal 1 <
cells were grown for additional 3 days. After 3 days, the cell surface expression
25  of the TCR was measured in both the TCR transduced and mock transduced
cells by  immunofiuorescence 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 Canio flow cytometer (BD



(http://inmgt.cines.fr/1MST_vquest/sharettextes/)identified3unique
Conpl enentarity Determ ning Region (CDR) in the Va3 chain (CDRla: SEQ ID

NG 9, CDRZ% 35%6 NO 10, CDR3a: SEQ ID NO 11) and thectRiefempihgue CDR in
the v138. 2 ¢H: % h: SEQ ID NO 21, CDR2(3: SEQ ID NO 22, 5 CDR3B: SEQ

I D NO 23). Exanple 5 Retroyiral constructs containing HBcl8-27 specific
TCRBc18-27 TCR) and | ynphocyte transducti on TCR Va3 and TCR V138. 2 cDNA
prepared according to Exanple 4 above, were 10 cloned individually into
retroviral vector MP71 as described iy Engels, Camet al. 2003. (Kindly
provi ded by Professor Hans Stauss, Roé}sal Free and UCL Medical School,
London, UK) using a 5 Not-1 site and 3' BsrGl sites (New Engl and Bi ol abs,
| pswich, MA). TCR Va3, V138.2 and MP71 vector were digested for 1 h at 37C
with 10 U of each enzyne., D gested Produc_ts were 15 jsol ated on 1% agarose
gel by el BlascEpreslesty date pipier pealvaRy nythotagehAgel Pae Piededh (RP: . TR
chai ns angddglcugctor were mxed in 1:1 ratio and ligated overnight at 4C
with T4 DNA |1 gase (Promega) to formretroviral constructsMP71-TCR Va3 and
MP71- TCR V138. 2. These constructs were then sequenced to confirm DNA insert
was cor r ebs shownip Figsre /iy exprepwios o 68 svassigniticanttydesreased inHBCtoned TCR
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The HBc18-27 TCR transduction efficiency is confirmed in Figure 7 (C) which
show the mean frequency of VE8+ T cells from 5 healthy, 5 HBeAg+ chronic
HBV patients (HBV DNA > 107 copies/ml), and 5 HBeAg- chronic HBV patients

15 (HBV DNA < 10° copies/mi). 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

20 demonstrate that T cells from both healthy donors and chronic HBV patients
could be transduced with the HBc18 TCR with similar efficiency.

Exampie 6

Function of HBc18-27 TCR fransduced T cells

To confirm that the infroduced HBc18-27 TCR was functional, HLA-AZ2 positive
25 T2 cells (American Type Culture Collection (Rockford, MD)) were used to
stimulate HBc18-27 TCR transduced or mock transduced lymphocytes. T2 cells
were cultured in RPMI 1640 supplemented with 10% heat-inactivated fetal



5 School, London, UK) | MDM was then replaced with Al mV 2% human AB serum
and phoeni x cells were incubated for an additional 24 h before retroviral
supernatants were collected for transduction. Healthy fghroni c HBV
pati ent p@‘fﬂ?ﬂﬁ%}"g bl ood | ynphocytes (PBL) were used t%@?é&&sztﬂ@dgggr ession and
functionality of the cloned HBc18-27 TCR 10 Peripheral bl ood nononucl ear
cells (PBMC) were isolated fromvolunteers under infornmed consent by ficoll
density gradient centrifugation. PBMC were stinulated with 600 U ni
interleukin-2 (1L-2; R&D Systens) an 0 ng/m anti CD3 (OKT-3; eBioscience,
San Diego, CA) for 48 h. Untreated 2 tissue culture plates were
coated with 30 ug/m Retronectin (Takara Bi 0o, O su Shiga, 15 Japan)
overnight at 4C. Wells were then washed with HBSS and bl ocked with PBS 2%
BSA for 30 min. Lynphocytes were harvested, shed, count ed d x105 cells
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Transduced and nock transduced cells were grown for additional 3 days.
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The results are shown in Figure 8A. The mock transduced T cells failed to
produce any cytokines (i.e. IFN-y, TNF-a or IL-2) in the presence or absence of
20 HBc18-27 epitope. HBc18-27 TCR transduced T cells did not respond to T2
cells in the absence of peptide (Figure 8A, row 1) but produced IFN-y, TNF-a
and IL-2 in response to HBc18-27 peptide loaded T2 cells (Figure 8A, row 3)
indicating that the introduced HBc18-27 TCR was functional when expressed in
primary T cells. Furthermore, the infroduced HBc18-27 TCR was functional in
25 CDB8-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-stimutatory ligands such as CD40L, which has the potential to

boost B cell responses.



15 (HBV DNA < 106 copies/nil). Figure 7 (D) which shows the nean frequency
of HBc18-27-A201 specific pentamer+ T cells from5 healthy, 5 HBeAg+
chronic HBV patients (HBV DNA > 107 copies/m), and 5 3 i ¢ HBV
patients (W—% "BRERSE 106 copies/m) confirnms that the t?ﬁ?ga‘?g/gﬁoagcl8-27
TCR was correctly paired and bound HBcl18-27- HLA- A201 pentaners. These data
20 denonstrate that T cells fromboth healthy donors and chroni c HBV
patients could be transduced with the HBcl8 TCR with simlar efficiency.
Exanpl e 6 Function of HBc18-27 TCR tragnsduced T cells To confirmthat the
i ntroduced HBc18-27 TCR was functional; HLA-A2 positive 25 T2 cells
(Anmerican Type Culture Collection (Rockford, MD)) were used to stinulate
HBc18- 27 TCR transduced or nock transduced | ynphocytes. T2 cells were

cultured in RP 640 suppl emented with 10% heat-i nactivated fetal 59
bovi ne ser tHH? %‘B@siw%%paﬁ 8'“%7 gcﬁ\ﬁr@éﬁ?%ﬁfjpprcﬁ%ff@m ¢ooniy HBV
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TCR trans t u T | e = r oyerni ght with
the two diFror eofyaL 1§95 bRl B PR bt S7CR0 PBefiPde and
not pul sedjultdiancEdealwitih sinilsg frequbneiée biltytokine PesithBakls 27 edéiRphfi@sduced
and nock transduced T cells were then washed and stained with

anti - cD8-PE¥Ey7 (BD Pharmi ngen, San Diego, CA) fixed and perneablized using
cytofix/cytoperm (BD Bi osci ences) according to nmanufacturer's instructions.

T cel |l s wExamblkdh stained for TNF-a- Al exa 488, |IL-2-PE and | FN-y- 15 APC
(BD Bi osciences) for 30 mn on ice. Cells were washed and anal yzed by fl ow

cyto ry LD f.low, cyt ter (BD Biosciences), and data were
anal g@ted ﬂmﬂlﬁm gﬁéégi%?g tfﬁpﬁ‘af%%%& osciences). The results are shown
in Figure 8A. The nock transduced T cells failed to produce any cytoki nes

(i.e. | FN\Pye tadNe possible ldeR)edsad tidwes! pf expmseionrofahs emesiebd 2934BciB- 27

epi t ope. 18-27 TCR.t;r ced T cel did not .respond to T2 cells in the
aE!sen(F:)e of@%eﬁt‘q%ep?ﬁ'td%?gas@ ?Weﬂeiitc%lﬁdﬁﬁﬁg@vg%\i%@rﬁﬁm‘%( fQﬁdsl :_ 2 in

response the adBel 8ird erepbicdengaear eOthE2orkfldI T £&1i QURS, @ﬁaa.r‘mﬂte%i fHifdi cating
that the int od,ucg,g RBcl8-2,7_ TCR was_functional when expressed in primary T
cel I's. FUPPREIRSy &1L iRAstiyaudddoplisc (BmericatrTviess Eulhirei Gabiection, 25 CDB-

et hor s Henone opuisgd Wi ABcR ORI As ot cleRtaldls ISR (o n 1
cel | surviopalt &ienl de- StHgiml aceerding trathes pseloboladegmibed, innBkampleas. t he
pot enti alpd@qR995tedBrs Helis Wt B WSSHured with TCR transduced T cells from 5
healthy donors, 5§ HBeAg+ chronic HBV patients (HBV DNA > 107 copies/ml),
and 5 HBeAg- chronic HBV patients (HBY DNA < 10° copies/ml) and the
20 original T cell clone C183 for 5 h. T cell activation was measured by
intracellular cytokine staining for IFN-y. Results are displayed at percént 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
HBG18-27 epitope. The results showed that CD8+ HBc18-27 TCR transduced
25 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



WO 2009/ 136874PCT/ SG2009/ 000165 60 Figure 8 (B) shows that HBc18-27 TCR
transduced T cells fromchronic HBV patients are equally functional to
transduced T cells_ from healthy donors. Mean frequency NF-a and
I L-2 posipv%gm%éﬁﬁg, as seen in figure 8A, fromb5 healFﬁ@@bgﬁ%%£E§+ chronic
HBV patients (HBV DNA > 107 copies/m ), and 5 5 HBeAg- chronic HBV patients
(HBV DNA < 106 copies/m) are shown. The results show that T cells
transduced with HBc18-27- A201 TCR becone nultifunctional with simlar
frequenci es of cytokine positive cellg in each patient group. Exanple 7 10
Affinity of FiBcl8-27 TCR transduced Tcell's Due to the possi bl e decreased
| evel of expression of the introduced H8c18-27 TCR, it was possible that
the engineered T cells nmay have a lower affinity for the actual viral

epi tope conpared to the original T cell clone, 0183. To test this
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of maxi muINEKHS S '56%@%0333%‘5%@%9‘? ‘?qrélﬁ'ﬁgncy of HBc18-27 TCR transduced
cells varied anong patients while 0183 was al ways 100% specific for the
HBc18-27 gxpbahpies The results showed that CD8+ HBc18-27 TCR transduced 25 T
cells displayed an affinity identical to 0183 down to 1 pg/m (Figure 9A).

The affini of HBc18-27 r C CD4+ T cells was determned in the
sane assaé‘%jeﬁé)pt’ﬁﬁa? “ff@é@rﬁﬁ%ﬁﬁé REFYE " ®onsi dered cDa+ T cells
because they were capable of responding to the HBc18-27 epitope in an 61
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during T cell development, DNA encoding for the HB¢18-27 TCR may be

comprised of codons that are not optimally translated within humans. Therefore,
15  codon optimization for both the VB8.2 and Va3 chains of the HBc¢18-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 siies as described above. In order
20  to confirm that the codon optimized TCR, referred to herein as HBc18-Opt-TCR,
was still capable of being expressed, PBL were fransduced with the HBc18-Opt-
Vo3 and HBc18-Opt-VBE8.2 TCR consiructs 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-VB8.2 (MP71-TCR VB8.2 from example 7) and
25 HBc18-WT-Va3d (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. Resuilts showed that the frequency of VB8+



Exanpl e 8 Codon optim zation of hiBcl8-27 TCR DNA sequence Due to the
presence of redundancy in the genetic code, npost am no acids can 10 be

coded for nul tiple codons, which are used with diff L cies and
ef fici enm‘%‘i 20PEHPH or gani sms and can actual ly result ?ﬁ?{gg@)@@?‘%& ent

transl ation of proteins. Due to genetic variation and the reconbi nation
events that occur during T cell devel opnent, DNA encoding for the HBcl18-27
TCR may be conprised of codons that are not optimally translated within
humans. Therefore, 15 codon opt|n1zath£n for both the V138.2 and Va3 chains
of the HBc1l8-TCR was done to result a nore efficient expression of
HBc18-27 TCR and increased sensitivity and function (Service by CGenscript,
Pi scat away, NJ). Codon optim zed Va3 and Vp8.2 were cloned individually
into MPTI _vector using 5 Not-1 and 3'BsrGlL restriction en(gne sites as
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constructs as descrl bed above. For the HBcl8- 27 wild type TCR referred to
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results showed that the amount of VB8 expressed was almost identical in both

the HBc18-Opt-TCR transduced lymphocytes and HBc18-WT-TCR fransduced
lymphocytes (Figure 10B).

10 To determine the ability to bind HB¢18-HLA-A201 pentamers, the HBc18-Opt-
TCR transduced lymphocytes and HBc18-WT-TCR transduced lymphocytes
were labelled with anti-CDB8-PE-Cy7 (BD Pharmingen, San Diego, CA) and
HBc18-HLA-A201 pentamers (Proimmune, Oxford, United Kingdom). The
percentages of stained lymphocytes were determined by Fluorescence-

16  activated cell sorting (FACS) analysis using a FACs Canto flow cytometer (BD
Biosciences, SanDiego, CA) and analyzed using FACs Diva software (BD
Biosciences). The resulis showed that the frequency of HBe18-HLA-A201
pentamer positive cells was two fold higher in cells transduced with HBc18-Opt-
TCR than the HBc18-WT-TCR (Figure 10C), suggesting that the Va3 chain may

20  be expressed more efficiently from the codon optimized construct compared to
the wild type sequence. Because VB8 staining was equivalent in Figure 10A
increased pentamer binding is likely related {o better expression of the Va3
chain to increase expression of correctly paired HBc18-27 TCR on the cell

surface.

25 Following confirmation that the HBc18-Opt-TCR was properly expressed in the
transduced T cells, we tested functionality of the HBc18-Opt-TCR compared to
the HBc18-WT-TCR. HBc18-Opt-TCR and HBc¢18-WT-TCR or mock transduced
T celis were stimulated overight with HLA-AZ positive T2 cells in the presence



62 T cells was simlar between PBL transduced with HBc18- Opt-TCR (21.5%
conpared to HBc1l8-W-TCR (21.1% transduced cells (Figures 10A) The anount

of vps expressed in the HBc18-Opt-TCR transduced | ynphQeyd@sesddbhes
H6Cc 18- V\Z’-%@ﬁ‘}?gﬂéﬁ%uced | ynphocyt es was neasured by mean 5 fl uorescence

intensity (MFlI) using the FACs Diva software (BD Bi osci ences) (Figure 10B).
| sot ype val ues were subtracted to determ ne specific MR The results showed
that the anount of Vp8 expressed was al nost identical in both the

HBc18- Opt - TCR transduced | ynphocytes gnd HBc18-W-TCR transduced

| ynphocytes (Figure 10B). 10 To determine the ability to bind

HBc18- HLA- A201 pentaners, the HBcl1l8- Opt TCR transduced | ynphocytes and
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T cells were then | abelled with anti-CD8 PECy7 (BD Pharm ngen, San D ego,

CA) and féal¥edo serpopd terpapliderloaded fatgeteyt of i x/ cyt operm according to
manuf acturer's instructions (BD Biosciences). 5 Cells were then stained

W th anti -c)APC (BD Bl osciences) for 30 mn on ice and T cell IFNy
producti oEJ(é: I)égo\al yzed by flow cytonetry. The results show that there was

nearly a two fold increase in the freguency of IFNy positive T cells
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presence o peptide. Therefore, the increase in
pentaner positive cells correlated with an increase jn functiopal cells

abl e to ridBpb3d7{IChH&sredecadohgels framgaacs. patient group (heaithy, HBeAg(-),
HBeAg(+)) were co-cultured with DIOC labeled HepG2 cells expressing the
entire HBV genome (HBV-HepG2) or the parental control cell line (Ctri-HepG2)

at Effector:Target ratio of 1:1 for 6 h in the presence of Propidium lodide (PI).

20 Dying target cells were DIOC+/Pi+, T cells were excluded from the analysis by
staining with anti-CD11a-APC (BD Bioscience). Resulis are representative 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 resulis as shown in Figure 13 (A) show that HBc¢18-27

25 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 fransduced T cells could recognize tumor cells from patients

expressing the HBV core antigen.



Exanpl e 9 HBc18- 27 TCR transduced T cells kill HCC cell Iines which
endogenously 15 express HBV proteins or are | oaded with the HBV 18-27

pepti de. %A 9/?\-6?,2,‘ TCR transduced T cells from each pakbip@8boodiidud
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cells expressing the entire HBV genone (HBV-Hep&) or the parental control
cell line (Crl-Hep&) at Effector:Target ratio of 1:1 for 6 h in the
presence of Propidiumlodide (PlI). 20 Dying target cells were D OC+ P1+. T
cells were excluded fromthe anal ysisgby staining with anti-CDlla- APC (BD
Bi oscience). Results are representative of 3 experinents. Effector T cells
were considered to be | FN-y+/ C08+ cells determ ned by intracellul ar
cytokine staining after stinulation with peptide pulsed T2 cells. The
results as. shogwn in Fi 13, (A), show that HBc18-.27 ,25, TCR transduced T
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whi ch endgges)ousiy lsbeaiE $ICEBYI pihet ¢HBsG2 Thes sbagest folhATCE: KiBgl8 TCR
transduced T cells could recognize tunopr ce rom gati ents expressing the
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tr amduce%c?eé%%g%_éo%‘itr@ti!ﬁﬁé lof BB B Epbhite@Zind Ib-ceftlited WGB! SC | abel ed
HCC cell lines (Hep& were obtained from ATCC, SNU387, SNU- 368 were

obt ai ned £r oh¢Rnsamesiucadl T atells |atneifeniok jo Jamoet Iralimed 1il tfor ithbr malieng

t J f e = | - 18- 27 TCR
fr ansducoB ongf oL PP T IRER (17 AE iiger el et MBS, ool 2
presence werdromiwiedmiioodi he @RBlysisDpyngtairingewitbebh8-Glgtw-BPAC{BR1+. T
| , I dof th | vSi. t ai ni i ti-CDlla- APC (BD
cel1 2, o BRAEUP LA SIS REL Kol BY B IR L SR, (PP,
wer e constoledidatet otderd FNNWH/CD8+ eelld slctatdnad nieg iajracaiuigc eldokinar

cytokine 10 staiping after stinulation wth peptide pulsed 12 cel]ls. The
resul 1% a§ta§"r‘ﬂﬂ/vﬁ’q?rngtlf%fﬁ?%“ T@t (%p%gﬁmdtﬂ%f;eﬁ%c% %ﬁ"%@?ﬁs’t ficed T
cells ar eF@b%@*iQC{BE@hbw@H'thaphfec?ﬂe&ﬁd:R%&:ﬁJ_cbd'Tr&,%ﬁs JrX PR & kA

Cloning Hepatitis virus specific T cell specific for HBV envel ope 370-79

15 epti t opéltiplggabrcr2ioiCoets!idinepal bl ood | ynphocytes (PBL) were isol at ed
and prepared according to the nethod of Exanple 1 and stimulated with 1 pM

of HBV engelapr @70-79 epitope ("HBs370-79 peptide”; SIVSPFIPLL; SEQ ID NO
56; Primm : ano, Italy) plus 20 Um interleukin-2- (R& systens,

M nneapol is, . anq,20t£I ated in_a 24-well plate at_ 4 x 106 cells/well for
10 days. CT‘WE’”IQB%;‘?PQW?% wees rsoecifipgh cpllc apedficudere FEY iae@rass g 7PFN-y

capt uze AY, ﬁ%ﬁmto manufacturer's instructions. (MIltenyi Biotech,
Surr ey, laﬂ?t e)::'dea I ngdom ,) The 1FN-y+ HBs370-79- specific T cells were then

cloned using the limting 25 dilution assa?/tas described in "Current
a

Pr ot ocol sPePhersherd dymPiasyias gtil)(wgre isolated and prepared according to

the method of Exampie 1 and stimulated with 1 uM of HBV envelope 370-79

epitope ("HBs370-79 peptide”; SIVSPFIPLL; SEQ 1D NO: 56; Primm SRL,

Milano, italy) plus 20 U/ml interleukin-2- (R&D systems, Minneapolis, MN) and
20 plated in a 24-well plate at 4 x 10° celis/well for 10 days.

The HBs370-78-specific CD8+ T cells were enriched using IFN-~y capture assay
according to manufacturer's instructions. (Miltenyi Biotech, Surrey, United
Kingdom).

The [FN-y+ HBs370-79- specific T cells were then cloned using the limiting
25 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/m! IL-7, and 10 ng/mi IL-15



2007 by John WIley and Sons, Inc., and expanded in AimV 2% AB serum
(I'nvitrogen, Carlsbad, CA), 20 UmM 1L-2, 10 rig/m IL-7, and 10 ng/ m

IL-15 65 _(R&D systenms, M nneapolis, MN) with 1.5 pg/ fagggl utinin
(Si gma- Al QU R set, United Ki ngdon) using all ogeng:l)gpllg%%ogﬂl ated PBL as

feeder cells. Cells were plated at 1 cell/well on 96 well plates and wells
positive for T cell gromth were tested for HBs370-79 reactivity by
intracellular cytokine 5 staining for 1FN-y according to the protocol
provided in Gehring at a/. incorporated herein by reference. T cell clone,
referred to herein as E10-1D was sel et ed for further study. E10-1D
HBs370-79 specific cytotoxic T cell clone was grown and mai ntained in
AmYV, 2%AB serum 20 Wi 1L-2, 10 ng/m 1L-7, and 10 ng/m 1L-15 (R&D 10
Syst ens, Abi ngdon, United Ki ngdog? ina5%CX®2 humdified incubator at 37
C. Exanpl éR&D systémai Minagapolienidt) ovitrof -SHBIBTOPMGokpaapgiptiniTdRigmansduced T

cells and gkt : vall ! : ri imlar
o that dARBDareEl S RRpIRR) (A hoBERL St YR, pSTBREE T
TCR t r ans dalte dCdlisoediesplafBdeatEl Oeil®ell codld well pletes mnHBsdROpkiVETRr {Tr ansduced
T cells, recogni ze HBs370-7 it aded.. HLA; A2+ 12 | |'s, cells
were | oad&3 vélrf) I ntP'&a ?%%C?C@Ec}é%%p@d%n@%g?w B?ﬁ?ﬁ‘f‘%@@%ft icéfgj-[( d

co-cul gu][ ethinihy hforl G-nLEp @E;chlBﬁ@7go 9eTERWBEIt pansdirdad Gebehysef arf. 5 hI and
st ai ne or IFN-y. Data presented a rcent X1 mum r esponse ormal i ze
i £1 o 1 g TOBRRIBIRE, N RERORTGIEe. ThAAIAdoe SroIa e Bhorar Bk 1 & 180 ( A)
show t hat HBsR 1 PicyB@eAdriseud/CR is functional but that HBs370 TCR
transduced T cells were lower "affinity than the original T cell clone

E10-1D. 25 Experinents simlar to th described in Exanple 3 .were al so
carri ed ofif Owily HEEYH,(? spediiceristoxicTicrell ¢'ane Was&own &c RainigiRedyiy. 79 TCR
tr ansducedinl\£ €39, SAE GEPGR! 26 (YRINILLPI1Q el ant7s Hl 1deghRsiEL0s (Raepi tope
(The sequences of WD 2009/ 136874PCTl SG2009/ 000165 66 the genotypic
vari aiés &Syeteprsoibinationn Unied KingdomiBiiea §% §Cedmimidiissldnedrtar 23 l’s were
co-cul tur wth HLA-A2+ T2 cells |loaded with 1 pg/m peptide of each
genotype Tor 5 h and activation was assessed by CD107a | abeling and
staining for IFN-%/. Genotype A & D sequences are identical. The results as
Exampie 11

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

Recognition of genotype variant peptides

15  Experiments similar fo that described in Example 6 were carried out with
HRBs370-79 specific TCR transduced T cells. The E10-1D T cell clone or
HBs370-79 TCR transduced T cells, recognize HBs370-79 epitiope loaded
HLA-AZ+ T2 cells. T2 cells were ioaded with increasing concentrations of
HBs370-7¢ peptide and co-cultured with E10-1D or HBs370-79 TCR

20 transduced T celis for 5 h and stained for [FN-y. Data presented as percent
maximum response o 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.

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

cells recognize genotypic variants of the HBs370-79 epitope (The sequences of



5 shown in Figure 14 (B) show that HBs370-79 specific TCR recognizes
genotypic variants of the H6s370-79 epitope. References: Engels, B., H

Cam et al. (200 "Retroviral vectors for high-Ievel re
in T lynp %‘l 3”)874um Gene Thor 14(12): 1155-68. 10 Geﬁ?ja%%&ﬁ@&”%p sston

(2007). The Level of Viral Antigen Presented by Hepatocytes Influen

T-Cell Function. J Virol.; 81(6): 2940-2949. Kgrlig S. gnd AltscﬁﬁlcgéFOOB
(1990). Methods for assessing the statistical significance of mol ecul ar
sequence features by using general sc§ring schenmes. Proc Natl Acad Sci U S
A, 87(6): 2264-2268. 15 Maini, Bertletti A ( 2006) "The effect of
pat hogens on the inmmne system Viral hepatitis”. |In imunodon nance: The
choi ce of the Immune System J.A Frelinger, ed (Vélnhe|n1 W | ey- VCH)

Mol ecul ar C oning: A Laboratory Mnual, 3d ed r and ,Rus
g ess (ZOmE)gerﬂﬁyiﬁfzhaﬁmihafe erovidgd in [2ie2). H ﬁéﬁ?«%@ C?'%ﬁifﬂrﬁl‘éﬁ %ﬁﬁ?l 2: gfgL
rain,

Paciors apelBivelE sBsutd wH?HL\/a?AQDdrz eélma@@atwmﬁapgmwp@mtcﬁ growt h

nt pronoters o synthesis in both huma d
hepat ocyt esch @eﬂ)ﬁype Ifon 6t a8 :aCBgaion. W@amSS@S%Eyl@ T\Qa@s@be{'%@@;] a'r']St ;gf e

Hep&2- and Huh7-b t e
expr essi oftaB¥Ng f9 W%u% g |p§ Egggﬁgﬁiées %Fée?den%?g Q@b%@%mé%rggggl ated
MCSLLR; 67sKdvith "B Figure 14 (B) show that HBs370-79 speclﬂc TCR recognizes

genotypic variants of the HBs370-79 epitope.

References:

Engels, B., H. Cam, et al. (2003). "Retroviral vectors for high-level transgene
expression in T lymphocytes.” Hum Gene Ther 14(12): 1155-68.

10 Gehring A.J ef al. (2007). The Level of Viral Antigen Presented by Hepatocyles
Influences CD8 T-Cell Function. J Virol.; 81(6): 2040--2949.

Karlin S. and Altschul S.F, (1990). Methods for assessing the statistical
significance of molecular sequence features by using general scoring schemes.
Proc Natl Acad Sci U 8 A.; 87(6): 2264-2268.

15 Maini, M. and Bertoletti A ( 2006) “The effect of pathogens on the immune
system: Viral hepatitis”. In immunodominance: The choice of the immune
System, J.A. Frelinger, ed (Weinheim: Wiley-VCH).

Molecular Cloning: A Laboratory Manual, 3d ed., Sambrook and Russell, CSHL
Press (2001).

26 Schumacher et. al., (2002), Nat Rev. immunol, Vol 2: §12.

Sirain, A. J., ef a/.1991. Native and recombinant human hepatocyte growth
factors are highly potent promoters of DNA synthesis in both human and rat
hepatocytes. J Clin Invest 87:1853-7.

Sun, D. and M. Nassal (2006). "Stable HepG2- and Huh7-based human

25  hepatoma cell lines for efficient regulated expression of infectious hepatitis B
virus." J Hepatol 45(5): 636-45.



1. An isolated cell conprising at | east one HBV epitope-reactive exogenous
T cell receptor and/ or fragnment thereof, wherein the HBV epitope ihﬁcsﬁ'!]LL"?“Az
restricted, 5wherein the HBV epitope conprises HBcl8-27, HBs370-79 and a
mut ant thereof, wherein the H8c18-27 epitope conprises SEQ I D NO 25 and/ or
SEQ I D NO 26 and the HBs370-79 epitopé7conprises any one of sequences
sel ected fromthe group consisting of SEQID NO 56 to 58; and
wher ei n thgkragment conprises an active site which enables the
HBV- epi t ope-Teacti ve 10exogenous T cell receptor to recogni se the HBc18-27
and/ or the HBs370-79 epitope. 2. The cell according to claim1, further
conpri si ndl. afn lisdeed opk composidg HBVeashione ftB\ epicenareeasiivyexnggsom Eepll
receptor and/ or frag}nsnft t her eof , erein the second HBV epitope is
different frtRfeeIRsapdrQiragaenéfie'sPle. 15 3. The cell according to any one
of the pr ' [ i ; genous T cell receptor conprises at
| east onﬁie?%hgﬁ%ﬁ%gﬁgﬁ?%’%“%&?h@ 'Iéegﬁﬁ?r?ges: (a) SEQ ID NO 3 SEQ 'D NO 10
and SEQ I D NO 11, and/or mutants thereof; and/or 20} b) SEQ ID NO 44, SEQ ID
NO 45 sandviSESn e NBY 46itopmctiroprises HEn & 21 Hils8 89-79whdrasiarmutaet thereait ret ai ns
the ability to bind and activate the HBV epitope. 4. The cell
accor di ng, { 9.1, L1 057 LBROAI EALEIAY sEhIp T MNBLRAIRELND R¥O8ARYRL T
25cel | recep?or conpri ses at’1 east one 13- chain conprising the sequences:
HBs370-79 epitope comprises any one of sequences selected from the group

consisting of SEQ ID NO: 56 to 58; and

wherein the fragment comprises an active site which enables the HBV-epitope-reactive

10  exogenous T cell receptor to recognise the HBc18-27 and/or the HBs370-75 epitope.

2. The cell according to claim 1, 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 HBV epitope.

15
3. The cell according to any one of the preceding claims, wherein the exogenous T
cell receptor comprises at least one a-chain comprising the sequences:
(a)  SEQ ID NO:9, SEQ ID NO:10 and SEQ {D NO:11, and/or mutants
thereof; and/or
20 (b} SEQ ID NO:44, SEQ ID NO:45 and SEQ 1D NO:46, and/or mutants

thereof,

wherein the mutant retains the ability to bind and activate the HBV epitope.

4, The cell according to any one of the preceding claims, wherein the exogenous T

25 cell receptor comprises at least one B-chain comprising the sequences:



MCSLLP 68 (a) SEQ ID NO 21, SEQ ID NO 22 and SEQ I D NO 23 and/ or W%TEEP
thereof; and/or (b) SEQ ID NO 52, SEQ ID NO 53 and SEQ I D NO 54 an
nmut ants thereof, 5wherein the nmutant retains the ability to bind and
activate the HBV epitope. 5.The cell according to any one of the preceding
clainms, wherein the exogenous T cell ©8ceptor conprises: (a) at |east one
a-chain having at least 90% amno acid identity to SEQID 10 NO 12 or a

fragnent thereof anﬂllé)r @ Ibedsh 1068 & &bdd Nakavi Qe Mo 2 Easd/cPafdats no aci d
identity to SEQ ID NO 24 or a fragnent thereof; and/or (b) at |east one

a-chai n having at | eas¢reBDUndfurno acid identity to SEQID NGO 47 or a
fragnment thereof and/ or at |east one 13-chain having at 15 | east 90%
amino acid identity t® SES PONRO265F@IL Qoﬁ*’a@h"’eﬁ%&ﬂ[ﬁg‘%ﬁ‘ anG{[E ML he
fragment conprises an, %H ve site which enabl es the HBV-epitope-reactive
exogenous T cell receptor’to recogni se the HBc18-27 and/or the HBs370-79

epi t oge. \fnckbg thEHutAfGersidtge boilig s Hieasd adtRatdhecmli digropkai ms, wherein
t he exogenous T 20cell|l receptor conprises: (a) at |east one a-chain of SEQ

I D NO 12 and/ or at |east one 8-chain of SEQ ID NO 24; and/or (b) at |east
one a-chain of SEQ ID NO 47 and/ or at |east one 13-chain of SEQ ID NO 55.

25 5. The cell according to any one of the preceding claims, wherein the exogenous T

cell receptor comprises:
(a} at least one a-chain having at least 90% amino acid identity to SEQ ID
10 NO: 12 or a fragment thereof and/or at least one B-chain having at
least 90% amino acid identity to SEQ ID NO:24 or a fragment thereof;
and/or

{b) at least one a-chain having at teast 90% amino acid identity to SEQ ID

NO: 47 or a fragment thereof and/ or at least one B-chain having at

15 least 90% amino acid identity to SEQ ID NQO:55 or a fragment thereof,
wherein the fragment comprises an active site which enables the HBV-epitope-reactive

exogenous T cell receptor to recognise the HBc18-27 and/or the HBs370-79 epitope.

6. The cell according to any one of the preceding claims, wherein the exogenous T

20  cell receptor comprises:

(a) at least one a-chain of SEQ 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 f-chain of
SEQ ID NO:55.

25

7. The cell according to any one of the preceding claims, wherein the cell is at

least one hematopoietic stem cell.



MCSLLP 69 8. The cell according to any one of the preceding clains,
wherein the cell is at | east one Peripheral Bl ood Lynphocytes (PBL) MCSLLP
-derived T cell. 9. An isolated pol ynucl eotide conprising at |east one
sequence encoding at least 5 one a-chain and/or at |east one sequence
encodi ng at | east one 13-chain wherei A the a-chain and 13-chain are of at

| east one HBV epitope-reactive exogenous T cell receptor, wherein the HBV
epi tope i R HLAAZ diestsidtHzed amherebntidpretBYng pidinpewberpr itees|HBal 8- 27,
HBs370-79 and/or a mnutant thereof; and wherein the HBcl8-27 epitope
conpri ses ISEQohOP NIzl BheydolryBhocytes NBLP6lesmer 10¢lhe HBs370- 79 epit ope
conpri ses any one of sequences selected fromthe group consisting of SEQ ID
NO 56 to 58. 10. The isol ated pol ynucl eotide according to claim?9,
wherein t segu: ' ; —chal i i uence
el ect od 17 om B T B0 THERe LEt TR e T EPEPoAS Shulhee ERRHIAE 1588

sel ected fognem-SER hii/NOa2lcanhneEey b i@nboding aaleattemet 3-cnen sbgLetm e
selected from SEQ ID NO 3 and SEQ I D NO 7 and/ or the sequence encoding the
0- chai n congraisasdaf-chainsare oefeats Egsenee HB epiteaeTeaHySEPEP NS 18%hnd SEQ
ID NO 17, at | east one se ce, sele d,from SEQ | D NO 14 D NO 18
and at | ed8tePiNe V@Eﬁ%}@ﬁﬁ‘é%ﬁp%@f%"& ‘Fﬁ%%%%@sltrlﬁﬁg \?fgeraeﬁnd%&%ggﬁéﬁgjém. 20
11. The i sghities wedgmuc LRoi Aot ar06F dinearien&lebhahdone of claims 9 or 10,
wherein the sequence encoding the a-chain conprises SEQ 1D NO 5, SEQ ID

NO 6 and SEQHdPeiNGhd HBotE-27 epinepsemueiee SEQAIDANMZS thd/ot 3EQHRIND:20apd i ses
SEQ ID NO 17, SEQ ID NO 18 and SEQ ID NO 19. 25 12. The, isol ated

pol yiddcl eot itde HBEEHF & ABLARS LOMPTERE 3BY OB 8T ARIWNERS FlectgthEPal e &RgP a- chai n
has at | east 90% se i d i to SEQID NO4 or SEQID NO 8 and the
13- chai n has®% |st,n§aogt§ﬁggl§)i\l'§g§§t§%§ "identity to SEQ ID NO 16 or SEQ ID

NO 20, MCSI_LP

10. The isolated polynucleotide according to claim 9, wherein the sequence encoding
the a-chain comprises at least one sequence selected from SEQ ID NO:1 and SEQ 1D

15  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 1D NO:13 and
SEQ ID NO:17, at least one sequence selected from SEQ ID NO:14 and SEQ ID NO:18
and at least one sequence selected from SEQ 1D NO:15 and SEQ ID NO:19.

20
11. The isolated polynucleotide according to either one of claims 9 or 10, wherein the
sequence encoding the a-chain comprises SEQ ID NO:5, SEQ ID NO:6 and SEQ D NO:7
and/or the sequence encoding the B-chain comprises SEQ. 1D NO:17, SEQ 1D NO:18 and
SEQ ID NO:19.

25

12. The isolated polynucleotide according to any one of claims 9 to 11, wherein, the a-
chain has at least 90% sequence identity to SEQ ID NC:4 or SEQ ID NO:8 and the j3-
chain has at least 90% sequence identity to SEQ 1D NO:16 or SEQ ID NO:20.



70 13. The isolated pol ynucl eotide according to any one of clains 9 tct 12,
wherei n the sequence encoding the a-chain is selected fromthe gro SLLP
consisting of SEQ ID NO 4 and SEQ ID NO 8, and/or the sequence encoding the
13-chain is selected fromthe group 5consisting of SEQ ID NO 16 and SEQ I D
NO 20. 14. The isol ated pol ynucl eoti d&8 according to claim9, wherein the
sequence encodi ng the a-chain conprises SEQ ID NGO 40, SEQ ID NO 41 and SEQ
I D NO 42 and/ or the sequence encoding the |3-chain conprises SEQ I D NO 48,
SEQ I D NO 49, and SEQ I D 10NOG 50. 15. The isol ated pol ynucl eoti de

accor di ngl3 dheiigdied poanoflectidd agotding td any aheroéiciaims Retoal % vdieneisfthe he HBV
epi tope-reactive exogenous T cell receptor has at | east. 909 >

Rent ! Ly P8UEES IEPRAE AR BrearH SHeERaN PTG REHEAP ol 06 Bbot LA L
15exogenaq ld~.6E I . %S 80 i i QID
o 5L S e e e R e B ©

14 and 1Qonwgﬁc$frsft1hg NEROSIENESE@MENdizng t he a-chain conprises SEQ ID
NG 43, and/or the sequence encoding the 13-chain conprises SEQ I D NO 51.

2017. An isol ated pol ypepti de encoded by at |east one pol ynucl eotide
according to any one of clains 9 to 16. 18. An isol ated pol ypepti de

LS i e B9 RSB 0,

and SEQ ItBe NQ:1%:%: cam@bieds SHCE) IN®:Zd, J680) ImMOA4T hall IFECOMPNIOSA Ngn&BQth® NO: 44,
SEQ I D NO 45 and SEQ I D NO 46 and/or a 8-chain conprising SEQ ID NO 52, SEQ
| D NO 53 sanderSEQ@ncpdiNgtBe f-chain comprises SEQ 1D NO:48, SEQ ID NG:49, and SEQ ID

10 NO:50.

15. The isolated polynucleotide according to either one of claims 9 or 14, wherein, the
a-chain of the HBV epitope-reactive exogenous T cell receptor has at least 90%
sequence identity to SEQ ID NO:43 and the B-chain of the HBV epitope-reactive

15  exogenous T cell receptor has at least 90% sequence identity to SEQ 1D NO:51.

16. The isolated polynucleotide according to any one of claims 9, 14 and 15, whergin
the sequence encoding the a-chain comprises SEQ ID NO:43, and/or the sequence

encoding the B-chain comprises SEQ ID NO:51.

20  17. An isolated polypeptide encoded by at least one polynucleotide according to any

one of claims 2 to 16.

18. An isolated polypeptide comprising:

{a) an a-chain comprising SEQ ID NO:9, SEQ ID NO:10 and SEQ ID NO:11
25 and/or a B-chain comprising SEQ ID NO:21, SEQ. ID NO:22 and SEQ ID NO:23;

and/or



wherein the pol ypeptide is at | east one HBV epitope-reactive exogenous T
cell receptor and the HBV epitope is HLA-A2 restricted. S 19. The jg@laped
pol ypeptide according to claim 18 wherein: (a) the a-chain has at | east
90% am no acid identity to SEQ ID NO 12 and the (3-chain has at |east 90%
amno acid identity to SEQ I D NO 24; ddd/ or (b) the
a-chain has at least 90% amno acid identity to SEQ ID NGO 47 and 10t he
8-chain has at | gapbn 9QHaRNddArRtighECIENKOI4A, SEQFEQA:B5 MY 38Q IBINO:Zbe

pol ypeptide according to either claim18 or claim19, wherein the HBV

epi t ope i s HBc18-@d/orHEk8T0n ZoMPHEsitl D B NOtWnbEQ HENBOT3 anpSE L IDTHS4;

pol ypepti de according to any one of one of clains 17 to 20, wherein the

pol ypeptide i s at,|&aastoneyaobyl € of 3:0bn & BUAMBBL-LDGEUogchBus T

pol ypeptide according to wherein the s or ragnent
thereof is |inkedell@edbtdreadth®RBY apiope/is HAA-AT tegtricBd. 23. A construct
conprising the pol ynucl eotide according to any one of clains 9 to 16
operably connected to at | east one pronoter. 24. A retroviral vector
conpriPsing the construct of claim26 or the pol ynucl eoti de 25according to

any one ofo &gl 8Bk 8l okiride VESHRE: Tclaim 15 whlreT cel| comprising the

vector of "¢claim preparing at |east one T cell
conprising at |east one HBV epitope- 5 reactive exogenous T cell receptor
for delivery to d&) theasthaimbas abjeesit SWoamina eid iderditg tubE@dP MO:L2884 one T

cell isolated fromthe subject with the construct o | aj 3 or,the vector
according to cl aiths Ezg_%ain%ajs at least 90% amino acp ident(r:ty to EE&H?N@:Z%&; and/or

{b} the a-chain has at least 90% amino acid identity fo SEQ ID NO:47 and

10 the B-chain has at least 90% amino acid identity to SEQ ID NO:55.

20. The polypeptide according to either claim 18 or claim 19, wherein the HBV epitope

is HRc18-27, HBs370-79, and/or a mutant thereof.

15  21. The polypeptide according to any one of one of claims 17 to 20, wherein the

polypeptide is at least one soluble TCR or a fragment thereof.

22. The polypeptide according to claim 21, wherein the soluble TCR or a fragment

thereof is linked to at least one anti-viral drug.

20

23. A construct comprising the polynucleotide according to any one of claims 9 to 16

operably connected to at least one promoter.

24. A retroviral vector comprising the construct of claim 26 or the polynucieotide

25  according to any one of claims 9 to 16.



27. A nethod of preparing at |east one HBV epitope-reactive exogenous T
cell receptor 10conprising: (a) isolating at |east one HBV-epi topq\m’g@t ive
T cell fromat |east one HBVexposed i ndividual that resolved HBV i I on;
15(b) cloning at | east one pol ynucl eoti de sequence encoding at |east one a-
and/ or f3-chain of at least one T cel F2receptor fromthe HBV-epitope
reactive T cell of step (a); (c) delivering the pol ynucl eoti de sequence of
step (b) to at least one cell; and 20 (d) incubating the cell under
conditions suitable for expression of the HBV epitope-reactive exogenous T
cel | recest T delf comeriges the wehsor of plaith@4.T cel | isolated in step (a) is
HBc18- 27 epitope reactive and/or 25 HBs370-79 epitope reactive, wherein
the the HBcl18-27 epitope conprises SEQ ID NO 25 and/or SEQ ID NO 26 and t he
H8s370- 79 epitope conprises any one of sequences selected fromthe group
consi sti ng af mekQd & Nebahfy §01eb&. ondVETLILRorfidrigiBg of I€8t bnacBY ehittgpet 0 any
one of claims 1 to 8 and 25, for use in the treatnment of HBV infection

and/ os HB¥adtiwk atedetvepal oelblréadptor toarddlinenato 8t X@st Ane isHbigrt coMAEIRGd f or

di agnosing at | east one subject that is able.to resplve HBV ipfection, the
met hod cdfARe Singat least OBFJ\A@gi‘ éatﬁg%ﬁlc’@hme %’ﬁéecgﬁ’ﬁﬁﬁge FPbHuSE Of]‘é’a'& b%ne

subj ect ; or the vector according to claim 24.

27. A method of preparing at least one HBV epitope-reactive exogenous T cell receptor

10  comprising:

(a) isolating at least one HBV-epitope reactive T cell from at least one HBV-

exposed individual that resolved HBV infection;

15 (b} cloning at least one polynucleotide sequence encoding at least one a-

and/or B-chain of at least one T cell receptor from the HBV-epitope reactive T

cell of step (a);

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

20
{(d) incubating the cell under conditions suitabie for expression of the HBV
epitope-reactive exogenous T cell receptor by the celi,
wherein the T cell isolated in step (a) is HBc18-27 epitope reactive and/or
25 HBs370-79 epitope reactive, wherein the the HBc18-27 epitope comprises SEQ D

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 1D NO: 56 to 58.



10(b) detecting the presence of at |east one pol ynucl eotide conprising,
substantially consisting of or consisting of at |east one nucleic agggi:p
sequence selected fromSEQ ID NO 4, SEQID NGO 8, SEQID NO 16, SEQ ID
NO 20, SEQID NO 43, SEQID NGO Si, and/or a honol ogue thereof; and/or
15(c) detecting the presence of at | ed@8t one pol ypeptide conprising,
substantially consisting of or consisting of the am no acid sequence of SEQ
ID NO 12, SEQID NGO 24, SEQ ID NO 47, SEQ ID NGO 55, and/or a honol ogue
t her eof ; wherein the presence of the pol ynucl eoti de and/or the

pol ypeptide is indicative of the 20subject being able to resolve the HBV
infection. 30. An in vitro nethod for diagnosing at | east one subject as

havi ng or,_as bgin t risk of i i, nf i : ed
hepat ocelzlgu?éFﬁa%ﬁ%E‘?"ﬂ% any g ?EfectY “%g lgg\répgrﬁ%sﬁgé:rqgé"?{a}%/tgé%ag F%ﬁ’!ﬁ | east
one sanpligrffii /ol RBSIrelRRR HepBiRERIar EMiIKSkEP 74 (b) detecting the
presence of at |east one pol ynucl eotide conprising, substantially

consisting of or consisting of at |east one nucleic acid sequence sel ected
fromS8EQID NO 4, SEQID NGO 8, SEQID NO 16 SEQ ID NGO 20, SEQ ID NO

43, SEQ 1B N e SRR R AR SBHe ARSI ROl AP BLAT, o JBLRRLIRG e

presence € conprisin antialTy consisting

of or consfestidMghOmmetits @mgngir%gi d sequence of SEQ ID NGO 12, SEQ ID NO
24, SEQ ID NGO 47, SEQ ID NGO 55, and/or a honol ogue thereof; wher ei n
the absence of the polynucleotide and/or the pol ypeptide correlates with
the 10l kel i HaloBrowidinare leasbpee samarle WM #idedit 088 Bty at risk for having
HBV- i nfecti on and/ or HBV-rel ated hepatocel | ul ar carcinona. 31. Use of at
| east one cell according to any one of clainms 1 to 9 and 25, at |east one

vect gp acgor%mdett&tmgaitné 24rca8He0Tof Akt | RAGL oPRe pRAnypeptiddecagnand ng to
any one o .
substantially consisting of or consisting of at least one nucleic acid sequence
selected from SEQ ID NO: 4, SEQ ID NQO: 8, SEQ ID NO: 16, SEQ ID NO: 20, SEQ 1D

NO: 43, SEQ ID NO: 51, and/or a homologue thereof; and/or

15 {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 {D

NO: 24, SEQ ID NO: 47, SEQ ID NO: 55, and/or a homologue thereof;

wherein the presence of the polynucleotide and/or the polypeptide is indicative of the

20  subject being able to resolve the HBV infection.

30. 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 hepatoceliular carcinoma, the
method comprising:

25

{a) providing at least one sample from at least one subject;



15claims 17 to 22 in the preparation of a medicanent for treating HBV

I nfection and/ or HBV-rel ated hepatocellular carcinoma. 32. A kit for
detecting and/or treatnment of HBV infection and/or HBV-rel ated MCSLLP
hepat ocel | ul ar carcinoma, the kit conprising at |east one cell according to
any one of 20clains 1 to 9 and 25, at7#east one vector according to claim
24 and/or at | east one pol ypeptide according to any one of clainms 17 to 22.

(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, and/or a homologue thereof; and/or

5 (¢} 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, SEQID NO: 47, SEQ ID NO: 55, and/or a homologue thereof;

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

HBV-related hepatocellutar carcinoma.

31. Use of at jeast one cell according to any one of claims 1 to 9 and 25, at least one
vector according to claim 24 and/or at ieast one polypeptide according to any one of
15  claims 17 to 22 in the preparation of a medicament for treating HBV infection and/or

HBV-related hepatocellular carcinoma.

32. 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
20 claims 1 to 9 and 25, at least one vector according to claim 24 and/or at least one

polypeptide according to any one of claims 17 to 22.



