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| NVENTI ON The present invention relates generally to the field of imune
medi at ed wbenapices2f or the detection and treatnent of HepatsicRi®/oBo4hr us
(HBV) and HBV-rel ated di seases and to 5nmet hods of preparing these
therapies. In particular, the imune qedl ated therapies may be in the form
of HBV specific T cell receptor (TCR)-1Ti ke anti bodi es. BACKGROUND OF THE
| NVENTI ON Hepatitis B Virus (HBV) infection is a major public health
probl em wor| dw de, 10 responsible for significant norbidity and nmortality
from chronic | i \HEPARIEISBYIRYS SPECIEIG AM{&)YM‘P Y$E$ LHERECE50- 400 nil lion
HBV carriers globally. 75% of chronic HBV patients live in Asia, and
appr oxi maFELD OF THEINVERTIONOPl € are infected in the United States. Al so,
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| i ver cancer (Hepatocellular Carcinoma), causing nore than one mllion
deaths per 2Qvear. The treatnent for this large reservoir of chronically
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The treatment for this large reservoir of chronically infected subjects is problem'at_ic, .
since existing drugs suppress but do not eliminate HBV. These drugs have a limited
ability in controlling the virus and cause several side effects resuiting in the premature

discontinuation of their use by many HBV patients.

25 Clearance of infected hepatocytes requires the presence of virus-specific T cells which
are able to secrete anti-viral cytokines. However, these virus-specific T cells are
functionally impaired in chronic HBV infected patients. The defect of HBV-specific T cell
immunity in these patients is thought fo be the reason why a majority of patients

experience HBV relapse when therapy is stopped.

30 80% of Hepatocellular Carcinoma (HCC) is associated with chronic HBV infectiéh,
making the 350 million people chronically infected with HBV the largest population at |
risk for developing HCC. HCC that develops in chronic HBV patients frequently



surface. TCR-like nonoclonal antibodi es have been al ready produced using
standard hybri doma approach or by enpl oyi ng phage anti body I|ibraries.
However, whesH/@eiszbodi es have | ow binding affinities t®CTI3€i2010/000440
correspondi ng antigens be it HBV or tunmour associated 10antigens. SUMVARY
OF THE | NVENTI ON The present i nventlor} addresses the probl enms above, and in
particul ar provides at |east one novel” antibody that is specific to at

| east one HBV and/or HBV infected cell. According to a first aspect, the
present invention provides at |east one isolated T cell 15 Receptor
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and/ or PTﬁurfam_OGB (b) ant i body havi ng the bi ndi ng characteristics of the

ant i body produced 25by hybridoma cell |ine PTA-10167 and/or PTA-11068; (c)
ant i body ﬁ‘@ﬁlhk@h{?oﬂéclér%l Qﬁ‘tnb%B&ab ‘Hgﬂa S&Q%Sdﬁﬁmgbé&' Jth té&ﬁ\dQRitHy‘BF?@c}hé)r oduced
by the hybridoma cell |ine A- and/ or § ant i body t hat

bi nds to 3RPreachi%s ewwﬁnsghﬁsf @ﬂl@o%%'eachawg\@wmﬁ@emw%@a@'cmo 3, SEQ

| D NO 24, piadiM@rdftiles @Uthait cotfesgéidirgg aBtient Ny ROABY agtdtulr adbddrasty -
corrpr10s grgat | east one light chain and at |east one heavy chain, wherein
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the |lg 195P%H conprises anino acid sequence of SEQ ID NO 1, SEQ | D NO 32,
a variant, mutant or fragnent thereof
SUMMARY OF THE INVENTION

The present invention addresses the problems above, and in particular provides at least

one novel antibody that is specific to at least one HBV and/or HBV infected cell.

According to a first aspect, the present invention provides at least one isolated T cell
16  Receptor (TCR)-like antibody or fragment thereof, wherein the antibody or fragment
thereof is capable of speciﬁcally binding to at least one HBV derived.peptide. The HBV
derived peptide may comprise at least one hepatitis B core antigen and/or at least one
hepatitis B envelope antigen. The HBV derived peptide may be in association with a

major histocompatibility complex (MHC)-class | molecule.

20
The antibody may be selected from the group consisting of:
(a) antibody produced by hybridoma cell line PTA-10167 and/or PTA-
11068; _
(b) antibody having the binding characteristics of the antibody produced
25 by hybridoma cell line PTA-10167 and/or PTA-11068; |
(c) antibody that binds to an antigen capable of binding the antibody
produced by the hybridoma cell line PTA-10167 and/or PTA-11068;
(d) antibody that binds to an antigen comprising the amino acid
sequence of SEQ ID NO:3, SEQ ID NO:24, a variant, mutant or
30 fragment thereof; and
(e) antibody comprising at least one Iight chain and at least one héavy

i chain, wherein the light chain comprises amino acid sequence of
SEQ ID NO:1, SEQ ID NO:32, a variant, mutant or fragment thereof



3 and the heavy chain conprises am no acid sequence of SEQID NGO 2, SEQID
NG 33, a variant, nutant or fragnent thereof. According to another aspect,
t he presenoO 20nvseIos2zon provi des at | east one isolated 5PRyBSGReOMa04del | |ine
deposited with ATCC (10801 University Blvd., Manassas, VA 20110) on 2 July
2009 with accession nunber PTA-10167 gnd 18 June 2010 w th accession nunber
PTA-11068. According to a further aspect, the present invention provides
a met hod of producing at 10I east one hybridoma, Hepatitis B Virus
(HBV) - speci fic antibod fra ment therefrom the net hod rising the
steps of: a. imunisi ﬁé aﬁ'e CABRTYRS AN eARTR PP FE Qf%rg-g)aﬁ o%e HBV
derived peptide in asmze&&@m NOt:iB,aerdﬁit,ohlasmoHra@hemﬂhaeofto format

| east one B cell specific to the HBV derived peptide in association with a
15MHC-cl ass | nol ecule; b. selecting at | east one B cell specific to the
HBV der i vactophny itel @nbthen sispest.atheopresgrtt ineenibIC-peovides at leableond asolated c.

fusing t hﬁyb?nﬁ{glrﬁ%tcglfjhn% £B V\%}lte\ﬁ"v&ltlﬂ A?ﬁcdﬁ g gn.eeasﬁg@ma aMaﬁ ge\h{ 26Qopr oduce

at | east one ridoma, erein oma I's capab roduci ng 20at
| east oneoﬂ-lg\;dugrp@ﬂgfw@ agrepio pumberdP FA- é@ﬂﬁ?rﬁ"dt ‘rf’e#k‘!’tﬁ 2@10ewith P?Peﬁ%oﬂ he HBV
derived pgprhbSeTAM1@880CI ation with a MAC-class | nol ecul e; and optionally
i solating the HBV-specific antibody fromthe hybridoma. 25According to

ot her aspects, the present invention provides a nethod of detecting and/or

quanti fyi Ackotdify o £ Arthecasplect ¢, praseneinventionf providest 4 n@tHdB\bf@mHuoing at | east
one

nventd orlofa IR R HOETE.S VIoe (P e bty e omsat B eRRE cor of
t he preseth’e meihahtongmising thet fiepsfepar at i on of a nedi cament, kits, nucleic
acids and usesa.t her Fr'\mnunising at least one non-human mammal with at least one HBV
derived peptide in association with a MHC-class | molecule, to form at
least one B cell specific to the HBV derived peptide in association with a
15 MHC-class | molecule; »
b. selecting at least one B cell specific to the HBV derived peptide in
association with a MHC-class | molecule; and
C. fusing the selected B cell with at least one immortalized cell to produce
at least one hybridoma, wherein the hybridoma is capable of producing
20 at least one HBV-specific antibody or a fragment thereof specific to the

HBV derived peptide in association with a MHC-class | molecule; and
optionally isolating the HBV-specific antibody from the hybridoma.

25  According to other aspects, the present invention provides a method of detecting and/or
quantifying the presence of HBV, a method of treating HBV and/or at least one HBV-
linked disease, the antibody or fragment thereof of the present invention for use as
medicine, use of the antibody or fragment thereof of the present invention for the
preparatidn of a medicament, kits, nucleic acids and uses thereof.

30 |
BRIEF DESCRIPTION OF THE FIGURES

Figure 1 (A) is a graph of the specificity of c1 8/A2 mAb where specific staining was
observed with c18-27 peptide pulsed cells. ’
35



30 BRI EF DESCRI PTION OF THE FIGURES Figure 1 (A) is a graph of the
specificity of cl 8/ A2 mAb where specific staining was observed with cl18-27
pepti de pwbed/wedsks. 4 Figure 1 (B) is a graph show ngctrisabotoneos4o

bi ndi ng/ recognition capacity of c18/ A2 mAb was not inhibited by HBeAg.
Figure 2 (A) is a graph show ng that 3 m ni mal concentration of c18-27
pepti de was 5needed for detection by c18/A2 mAb. As |ow as 1 pM of c¢18-27
pepti de was sufficient to achieve significant staining. Figure 2 (B) is a
graph confirmng that the sensitivity of c18/ A2 mAb approaches that of cl
8/ A2 specfFipue istgiaeh showing hatipe dindimg(rgcogniiorrapgey of (1 8A2inARWES aph
taken fropyiGiwilcA®yMptagt al, 2007 showi ng the activation of c18/ A2
specific CTL with different c18-27 peptide concentrations. Figure 3 is a
graph of the results of a Bl Acore analysis of c18/ A2 mAb. Bi ndi ng of
15nmononer FigoreCA 82 anikaph ashuwingdthati 4 mimifal estdentfdtion rofic@8-2Dfpeptided@d M 1. S-1

e i r ERERREapt i oG B AR el B L TR Mardod g ity © ¢

i nt r acel | a¢hievesignifieatistaining.A) EBVB- core cells (constitutively expressing
transfected core protein of 20 HBV), EBV-pol cells (control) or DVSO
(i sotype cont rolgg) were used. Significant staining above EBVB-pol cells or

i sotype cbiguied! €)iiaa gsapbeonirmingebatgbe sersittyily pisc18(A8) mArRpRroaghesttiaat of

HBV- expr esfid/MspRHESybldkiCE yhiphv&iearggd. Significant staining with c18/ A2
mAb was obser vedd&wi th HepGZ-yﬁYH%Iﬁ S. ?These results confirmthat C18/ A2
conpl €xes produced by intracellular processing were recognized by cl 8/ A2

mMAb. 25 FFigurfee2 $Ciikea iagh rnakenl ficin Tehtitie Al Ll 029070sHo@NgCik ativaition of Of

c18-27- MHC | exes.. Th 8/ A2 s._able to.recogni ze c18/ A2 conpl exes
t hat wer ecbgﬁggg%etcg'ﬁ%ml‘ M&tfﬂ%&?"tfﬁ%%‘f |dﬁlcg?°eﬁgr%t(':°é]§'si ng of the core antigen
HBc18-27. 30Figure 6 is a graph showing the ability of c18/A2 mAb to
recogni ze u Y, n cJ8- iV VIRAS SE;

Fidate V\? ?%]Iatg?]rg&? Uf fHeN& st %18?5 %gAéHﬂé %ﬂpél%l%lgj'%gg RAS SSRARAG oF T

L
recognition. exception o and C was able to

r ecoghl zemoagEeP CA8ARMARGsHTrkYith ARrrand £t etest o 15X 1PeMoghi 3neR-2X10CTL .
3 M7'.S™, respectively, resulting in a Kp(Ko#/Kon) of 22.6 nM.

Figure 4 are the results of the recognition of c18/A2 complexes produced by intracellular
processing. (A) EBVB-core cells (constitutively expressing transfected core protein of
20 HBV), EBV-pol cells (control) or DMSO (isotype control) were used. Significant staining
above EBVB-pol cells or isotype controls was seen with EBVB-core cells. (B) IFN-y
treated HBV-expressing HepG2-117 cells were used. Significant staining with c18/A2
mAb was observed with HepG2-117 cells. These résults confirm that C18/A2 complexes
produced by intracellular processing were recognized by ¢18/A2 mAb. '
25
Figure 5 are the results of the immunocytochemical staining of c18-27-MHC compiexes.
The ¢18/A2 mAb was able to recognize c18/A2 complexes that were presented by

natural intracellular processing of the core antigen HBc18-27.

30 Figure 6 is a graph showing the ability of ¢18/A2 mAb to recognize naturally occurring
HBc18-27 mutants which have escaped CTL recognition. With the exception of E22 and
P21, c18/A2 mAb was able to recognize several mutant peptides that failed to be

recognized by CTL.

35 Figure 7 is a schematic representation of the production of TCR-like antibodies. (A)

Synthesis of HLA-A2 complexes, mice immunizétion, B cell selections and



5 characterization of the specific antibody production as described in the
Exanpl es. The tables report the total nunber of screened hybridoma; (B)

Hi st ogr anworepressant the different staining profile of BcesiGhotopbesscoma
supernatants. Stained cells are T2 cells pulsed with 1 pMeach of Flu
Mp58- 66 or HBV c18-27 peptides. Cells were incubated 5 with 50 pl of
hybridonma supematant or an irrelevant "I gGl mouse antibody, followed by
washi ng and i ncubation with anti-nouse 1gG AF488 for 30 mn. Cells were
washed and anal yzed on flow cytonmetry. Three different profiles negat| ve,
speci fi c Fharagignzation efdhe saeddlc agodyperedyqtien g depsiibed iy thelfamplas Abeo
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wi th 100 Bkalﬁed'(ﬂ{?'ﬂ&@t tormic J‘g% g*fﬂerteH{ %roﬂ&%@?&tﬁ@t §p&:fif'c|'ﬁy HilpQgBICT ng

Hep&2- 117 ce MAD-sera m xture was used to stain
c18- 27 or MREgYles angenecifig éof th%%%aﬂﬁ/b!w\ A camRiex(c1AP) afe jenreseated] yzed usi ng
fl ow cytorretry and MFlI was plotted. The recognition capacity of mAb was not

i nhi bi t ed t he |rculat| nti gens, . of sera; ( Bi ndi.n
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t wo TC:?— | sdﬂectédDT@RmEe hetiblodids Wab bvzﬂ@jécﬂ dﬁlnpuﬁeﬁlegl T2 2elzadithsl plBansh ofetps esent
the M value obt ai ned I ndi concent r. T

Figure 9 gCS{segpﬂ?g% %r ?Thr %h?deg F!\T?a'ﬁedq‘évr%@bs g’ C1?ﬁ%%ﬁ ke Ab
speci fi ci Ey83/(\2\)mAt25n<|i rﬂnlabreettes @tbowet\ Thﬁ aleamrfbowscenm Ict@nsstyﬂMF:lzﬁwaﬁd env
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107 expreSS|on ai i i i i vi ded
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cl8/ A2 Ab. 35Bars represent val ues obtained by flow cytonetry
anal ysi s; cpropniations abTOlrlikesAlscc| usi vel y specific for env183-91 peptide of
HBV gen NCD T2 cells were pul sed with 6 1 pMenv 183-91 peptides with

th di t d bstit ] t 't' 187 t t f HBV
gon Al Gl D 19061 S aEeenk Shaing fia B9 et BB FaPng ptine abB ik AbGonierg af ne
showi 2§ t Ivdiueridehef INAkmeutatitnis nitinessred €82 andpérhiC 88t pitapesomi CR-like Ab and

t i ted
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(Line). BidphHitda &fT@ﬂ'hlkebﬂg%lm%bﬂﬁ%&%@éﬁret?ﬂs&érﬂvtﬁyﬁo&”ﬁlt 5dt.9atfa>nado\o@rs co8 T
cell activation was cal cul at he % of expressi ng T cells

10
after 5 housdantp glicied oy Alaning Stuaﬁfﬁtéttoné on|tae Weheee it g A fleeft q_t@dW@FSé ag%ne in
paral Bel and18301 (rigat Qebdrarypeptides RFEBaBAEd bl Barse s of iriHibitdnaé célvwated

ST e i b g de e A EB e 1 S5 88L0 N BEBE R RaRe L 00
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as contr OIAb rg@o%ﬁ%ér:ll'&%a?lﬁgl‘ysoc\éﬁrﬁﬁg core 18-27 mutants. T2 cells were pulsed with 1 yM
of wt ¢c18-27 or amino acid substituted peptides followed by staining with c18/A2 Ab.
35  Bars represent the MFi values obtained by flow cytometry analysis; (C) E183/A2 Ab is

exclusively specific for env183-91 peptide of HBV gen A/C/D. T2 cells were pulsed with



15 grown in the presence or absence of Doxocycline and stained with c18/ A2
Ab (C) or el83/A2 Ab (D). (E) Visualization of pMHC conpl exes. Hep&X2-117
+Dox (no wiB\W1iaeese2Dox (HBV) cells were fixed with 1')/ ePFAG2emmoshuai ned
with c18/ A2 Ab and el83/ A2 Ab. Al exa Fl uor-647-Tyram de Signal
Amplification kit was used to visuali e t he anti body bi nding (Red, shown as
light grey in Figure 11). Nuclei were stained with DAPI (Blue, 20shown as
dark grey in Figure 11). Figure 12 illustrates the recognition of pMHC on
cells purified from CHB |iver biopsies. ot shows forward_and size
scatter of %ﬁén@é@%@?ﬂ“geﬁjé’ft?\ﬁ%"le"‘@FﬁdI ?%F‘”W%B&P‘é’%ﬂ%‘f1@45853‘3i'%nts The
expr essi ophhctéastid 8f RV BERAICID Yofatssp RCligh iof HBV QeRbtipe BiE/MAt ed cel I's is shown
in the histogram Mre than 90%of cells with the indicated norphology are
25 expressing Ck-18. For detection of the specific pMiC on cells derived
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culture su ergatant fol | owe gl \ﬁg g‘a]nd i ncupation with antj-nouse
G ARG 905 i Pariel PO VBN ko KU o8 (PPARE3S e BROF IRLgt ot ry.

Cul ture su;nmhn&hant specifically stained target ceI S that are pul sed with

env_183-9 igur t11_|.|gust|vfL spﬁ'n%t i glgctioﬁlzéigg Cl%b\}'[']'p% &M byI ?é‘glﬁfél’f ' C' ty

of E183/ s Wwere incu pepti des
for 1 hr, preesssing: HeDGaesllsamegﬂmrdt&Mm P\hOU"BSPm Bc)ﬁranmced\mt@iewahl ng 3

tines, Cebéc@or%ﬁ?upfy”@é@ff“tr%ﬁsd’ﬂc&@ cafy We@&‘s%@ 395!, Ems%chQﬁ 73&"3‘%@ washed

and acquire ow cyt onet er pecific stalning wa bserved only with

env 181 91p©¥N; 'aéhm@@epec@ 4b§encfo¢ [exceyclingand st r@da\ﬂﬁh sHYF A8 (FI)IQf t he
bi ndi ng capgmas )Alef)) BASLRAzA1OR of §MHthoH|UIBx§!; tragh Aoyt 1BRE. (nEHBYA Ard MAb was

Cepar o ol oM PES %Eﬁﬁ%éym VoRF X et o e e BB AR sera

of heal t hyueb(adiluur@ua-ﬁsraﬁm S@nalnAmplTbatmnpkllewaSlOsmatoedswmlbe $lm antmody ur e was

used to s | se el | s

E153/ A2 mRBoRadRYg ot iaftde) By Pl NP RRO0 BB WERBREL B . 1 |
a gradh shibwmas datiegrey in iawreddhcent rati on of env183 91 peptide needed for
detection by E183/ A2 mAb. T2 cells were pulsed for 1 hr with titrated

anount s OhgerzeV11;8ﬁu§ﬂat&etnélr&%gamw §ft@m@%nvueh@er@Bdlfiomcﬁémveﬁﬁoﬂ)@é@ as pM
b hoBeRges Bonpi e Bl el <ol LEkoRl o o BB v
graph sho S
i ndi cat ed oaﬂmobaxnehttsSTmeé@reseeubacedswa hbp&d@ﬂd gptciblprdtein) dn Gated EéI ii ndi ng

of E183/ A2 antib Yridia 4 ri.c.ana Ami no aci ds
186 and 1§%°“éﬂ g ﬁ]ﬁ" h'? 8%“’"% X A’ccﬁ % H‘:}be r'ned(':cggtgndl ﬁ‘gspsr} l?gycaéenpl ex.

Fi gur25 18ekmgessingr &pH 8s Hfowda@ctldm Of eitﬁogmmﬁconMUﬂ pivH€lle glepyesi ésmpliveduced by
25 intr aCF’obHeér mBE?Q@ﬁ:%W HoceEEdCReliEWW ?e |’§‘edt mﬂsﬂﬂcﬁglc bhrERsiRg (A)

| entiviral Vectors vector transduce were used as control.

Cel | s wer enibedigbatibd- P%'tEﬂ)BQI%Q'“&ﬁV\I"B@@W'foFWﬂMtW'?"H’@UB@i‘FP@rﬁ’W th goat
ant i - nous@dlcgfedAPC and anal yzed by flow cytonetry. Significant staining
above the enpty vector transduced cells is cl earl y seen. (B) HBV pr oduci ng

HepG&2- 117 cells were gr in th resence cllne and
| FNI, and QMG f?e'a avﬂr?‘ﬁ‘ ‘%%Fﬂf{srfﬁﬂgﬂgfq% E@Wé ggﬁg ac@f%ﬂ? % st ai ni ng
abov e3m he trenpégisesacbtmr ot pMiHE athe dAH bfsan/\arquctloeaellsymsmmued wnrbcnrhemwnels :

of ¢18-27 peptides and e183-191 peptides) interpolated on a calibration curve generated

using calibration beads displaying known guantities of mouse IgG mAb.

Figure 14 is a graph of the results of screening of hybridoma supernatant. T2 cells were

pulsed with 1 UM each of env183-91 or an irrelevant. M1 peptide for 1 hr, washed 3



8 Figure 19 are photographs of inmmunocytochem cal staining o fE183/ A2
conpl exes. HBV expressing Hep& cells (Hep&2-117) and vector control Hep&
cel | s werwotzoaaiseb2wi th DMSO and | FN-7 and fi xed wi th VikoPR&20@mwdosab ai ned
with E183/ A2 mAb. Tyram de Signal Anplification kit was used to detect the
bi ndi ng. Nuclei were stained wth DAPL, 5 (Blue, shown as light grey in
Figure 19). The E183/A2 mAb is able td visual i ze E1831A2 conpl exes (Red,
shown as dark grey in Figure 19) that are presented by natural

intracel lular processing of HBsAg in HBV producing cells. Figure 20 is a
gr aph sholihegyanchisculated with §0 HEPEBybrigomasuttyrersepegatant foflwed: BY washing h

natural Hgg ihEUREsRvito Bnti- Hs&)s”eagéa«mb%raio ,hlﬁccaﬁ,l Werb WaSh&K M Esalyr8d HBV
envel ope 10 ant i geng was transduced w essing vector

r
( Hep3B- A2?n ey CyliuEe, BUReGiaH S&ﬁ‘aft%f'lfﬁ tﬁfégt ‘F‘UM'&QIWV'S‘F% 2 days
and st ai n@ith ghv 183EH8 BltAdt MApeptidedescr i bed earl ier and cells were anal yzed
on flow cytoneter. Figure 21 are photographs show ng targeted delivery of

i mung; f | H%L%QQAQ%TE&S%%P? hecgglec |C|§/E(§feE1%§ oG AN ﬁ%‘%%re J’iﬁ&%Petol v%iﬁ 1’:1nd

i ncubat ed t'han ["uor'ochr conj ug ate
i ncubat eduMteagy @f isted peptides Iforpk hr, Avastied Bém@ﬂartdu steingd with §. g of mAbcubat i on,

cover sli Rﬁer"Wésﬂl Oi ltlﬁl%& e&ll@%ré iHUBAEE ith! nfd- n%dserl @- F(Esggélvfbr% Rinedi um

grey in Figure 2 pl asma Menbrane or - racker dye to_ trace
IysosomssW?ﬂ‘eE’h@ eacqt&red w ﬂommomet%ﬁee@ﬁ%ﬁﬁwww?ﬁ quveq I§I“L¥eW'“$ hown as
dark greyehasogpepidd phised@diks on cover slips were fixed with 1% PFA and
nmount ed for confocal 20i nmagi ng. El 831A2 mAb-fl uorochronme is shown by

G br Lght Fi TAl.LED THE I

S o1 1197 aE it BB P ofeeb Ao it L DA P SR ALY ot ISORD £ or
conveni enbe HBsAg.€l 832 h\é\bf\mmpreflncalbhiedtwnbrf10fb|fllemfd1ﬂ$§é’$+a$16eracfdmﬂt\m t he end
of the ex&ﬁ@eﬁtsp%tulﬂé 132%%96}%%%%?8&&1%0& '%ﬁpk’b%{‘{@@ epch&efil GR§ES 1S

herei n incor porate re erence Initions nce certain

ternms enpWidy&erajah h?ﬁ'@Yslp@wWal%é‘ﬁ 89! U%x‘ﬁ]ﬁp@s'n%tmteéppébré@@ reixtiTaTyaRr e

col | ect edudieris starPéi 18594 pIRES TR celld1¥hé ﬁJcB'gmﬁJHé &y of EABSIAS rhAbL RBY |
i mmngl obulin or intact nolecule as well as to fragnents thereof that bind

to a SpecnptithiRils by e HEggPf pAtSN 88Res | ncI ude, but are not linmted to .-
pol ycl onal , nmonocl onal, chineric, hunmani sed, single chain, Fab, Fab', 9
Figure 16 is a graph showing the minimal concentration of env183-91 peptide needed

for detection by E183/A2 mAb. T2 cells were pulsed for 1 hr with titrated amounts of
env183-91 peptide and stained with TCR-like mAb. As low as pM peptide is sufficient to

achieve significant staining.

20  Figure 17 is a graph showing peptide mapping. T2 cells were pulsed with 1 yM peptide
as indicated and cells were incubated with E183/A2 mAb for 1 hr. The binding of
E183/A2 antibody was detected by flow cytometric analysis. Amino acids 186 and 188

are the residues with which antibody recognizes the complex.

Figure 18 is a graph showing the recognition of pMHC compléxes produced by
25 intracellular processing. HepG2 cells were transduced with HBsAg (A) lentiviral vectors.
Empty vector transduced cells were used as control. Celis were incubated with E183/A2
antibody followed by incubation with goat anti-mouse IgG-APC and analyzed by flow
cytometry. Significant staining above the empty vector fransduced cells is dearly seen.
(B) HBV producing HepG2-117 cells were grown.in the presence or absence of
30 Doxocycline and IFN-y and stained with E183/A2 mAb as indicated above. Significant

staining above the empty vector control cells was clearly seen in both cases:



F(ab)' fragnents and/or F(v) portions of the whole antibody. For exanple,
the anti body "cl1l 8/ A2 mAb" used i nterchangeably with "HBc18-27 anti body",
"ant i bodywegaimsbsebiBc18- 27" and "anti-c18/ A2 TCR-1i ke artirsedyivobsiscapabl e
of specifically binding to at | east one HBV derived peptide, including but
not limted to HBc18-27 (SEQ ID NG 3), or to a variant or fragnment thereof,
and i ncl udes nonocl onal anti bodi es, glyclonal anti bodi es, single-chain
anti bodi es, and fragnments thereof which retain the antigen binding function
of the parent antibody. Simlarly, the anti body "E183/ A2 mAb" used

interc hangiears 1P ar phetogisehsad imganeaytocherdipal staining ¢ Boldy/ARgemplaxesisEBg3- 191"

and "anti gl33Mg Hape2 Il [Hdp a7 aﬁavectarscoaﬁtnaimp@szoéene %F‘é fdpa Ml’h bi ndi ng
to at .|l east one HBV 10 derived peptide, includ |ng but not limted to
g

HBe183- 192MESEend ﬁ"ﬁoazd)fxe%r“"tho”{ap%r?%?‘atﬁ‘ﬁdfw" REWAZ Adtbe diyramidry

includes g@ﬁaq&rﬁnﬁtatfaﬁtkttMI Red t@@lebé@ﬂ PBMindfYt NROEi W&re stk Ritie DAPD _
anti bodi es, and fragnents thereof which retaln 1 he ant| en b|ﬁﬂ¥gg%functton

of the pa?gé'f?o shown %Wt gf?Mé" Figre 1 nthedotip/A4 Aghisble refers
to an i ncamqh@tee (Ped] shdvai a8 daek tgregnmlﬁlgofe tGlethiatilate @@u@t@deayofxatt:he

ant i body retains. th f nctlon of the parent anti body.
e on BPacHluRERRtA Sy AT EAPAS Ptk hetid fate OF 00 15 Paathy
fragnents; diabodies; |inear antibodies; S|ngle chai n antibody nol ecul es;
and nul t i Giperei 30 is aagrapin sbioveing ther ahilily bf GHEHAL nfddtp reccaireH&C chilsagitent s of
the cl18/ Ay na%ﬁ k@m.n%bﬁa%{o& Hesés % %aﬁnaqrr@ésaqq nlaye;ptﬂé%stnavnm | 0eiBfe long as

they retai e desired finity of the full-length antib

part i ¥l agntiges) ‘ﬁ%&/"ad'édWSr"t'fér"'Lb\]A%i?xﬂr%ﬁgtg vERler HiAP3B Aéc’c),lQF"S e é@@dﬂ‘bl e, the
fragment @fth an@ LGddt ABED Akl DPRY, PP Hhyeand Residddt WRME BB RA\LS BHCt i on
that enables it to bind to HBcl18-27 (SEQ I D hK)S) or to a variant or
fragment FeRSARRSEeatliay apdheelis wegmanilyase og fipw gxomst ¥nb ant | body conprises the
antigen binding function that enables it to bind to HBel83-191 (SEQ ID
NO 24), OFigire 2 srarphatographs 2bdwiag teergéted Idelrvecyf of imh@nb-dusonodiaaie gdepGas used
herein, refers to sub h [ { r odi es and
can cause“&n W%ﬁu%‘gserdeévgﬁﬁ%% %Ht S‘%%B r% ﬁm (?gvrqg h%ht'bg%ﬁjor%%rﬁe pr esent
i nventd oncadjudate foe1 hewashecmnm()gemed at |67‘tQ1en sqwer elmsmféerentmm@mwgéms are
those Subéftangaﬁgt@etcoeér' Gibt vierd 2BRRAFa dd %5%@8 WIWBIE rty Bh6Wh agher eas

antigens are as subst ances t to specific antibodies. An
anti gen ofeflivmgarentin tHimyeasf) FPa!FbSbP'QS'ﬁBI%UtPr@”% jor éys‘gﬁacéﬁi e dd eeat makes
contact WybdsomeRan theGelAiCehmutiBOmMe sk \athpmmqermeoghoamfasa@megteymt a

protein is use nuni ze host ous.re S of the protein
My | nducEoReE Br ol oF GregSian vrass vt with. T8 BB 814 RSl iRHer PR ponse) |
whi che®i ninagpgcEf 83242 mAbiflaotoheroaetis gﬁmVn(tgt Grean/rbeightamey iaFidune ee d| mensi onal
35structures on the protein). The antlgen may include but is not Ilnlted to
HBc18- 27 used 10 interchangeably with "HBc18-27 peptide" and ' c18/A2
HBe183- 19 e183- 191 peptide" and ' E183/A2

and fragnéﬁ?éﬁt%ﬁe?ég?ﬁmwgiglrmﬂc%%&wgng is herein defined to be that
where the_various conponents, redients, or steps, can be conjointly =
errpl oyed Bikliggraphis &fﬁﬁn‘tﬁemﬁt"‘&‘é&t'” tPR/é’FﬁﬁeﬁhSpeclfcﬂ@@o?’ﬁl fﬁblc9”"ef‘l‘i"§°% erm

‘conpri si lged @mwm%s&tistbh@fémi@sraﬁ&bﬂdleﬁitdt‘ﬁﬁe érﬂrdﬂhe éS@ﬁﬁ)IeSITthlﬁﬂéent iall y
rm'"con es entlaIIy of' it is

of conS|s

(nder 21 oot AP e SBPETBRLY BTGl 0P PR RFRLR o RIS Eon
"substantially" conprises the indicated sequence as "essential" el enent.
AdditionaP aodusnces may be included at the 5 end and/or at the 3' end.
Accor di ng a pol ypeptide "consisting essentially of' 10 sequence X w ||
be novel in view of a known pol ypeptide. accidentally conprising the
sequence Ror egnveniense. eastain telah singloyedyinghe specification, gxaraplepand ArRended

pol ypept i dgimsift ¥hldele8Phiede and/ or antigen according to the invention
corresponds to at |east one of the indicated sequence (for exanpl e a

speci fic sequence jndi categd th, | D Nunber honol o sequence
oF °F 18 meit SPRLReIa, e farphanthidy: Rty PHTarogoBicer HARI S Fer s 1o

t he cheni wal asradidgments thereof that bihdisd speific dBibpee Suateahtibeies theluderbub ‘

POl yuct ekl fif iRRaHEN5S RGP Hodear| St RS LIREAISRLK RO, oy, O Of @
pol ynucl eot’i de 'seq ue conp 0 a nucl eo e sequence encodlng
at | east one HBV derlved pepti de. Chenlcal nndlflcatlons of a

pol ynucl eoti de sequence can include, for exanple, replacenent of hydrogen
by an al kyl, acyl, or amno 20 group. A derivative polynucl eoti de encodes
a pol ypeptide which retains at | east one biol ogical or inmunol ogical
function of the natural nolecule. A derivative polypeptide is one nodified
by gl ycosyl ati on, pegylation or any S|n1Iar process that retalns at Ieast

Y . o r



25 HBV. In particular, the HBV derived peptide may include but is not
limted to the core antigen, envel ope antigen, surface antigen and/ or

mut ant s tWereunf623@re in particul ar, the HBV-derived pepCIrse20Maio0pido
HBc18- 27 and/ or HBel83-191. The term "HBcl18-27" is herein defined as an
epi tope that can stinulate HLA cl ass restricted T cells and is used

i nterchangeably with "c18/ A2". The seguence of the 30 epitope nay be
"FLPSDFFPSV' (SEQ ID NO 3). In the present invention, the termHBcl1l8-27 is
used to refer to the HBcl8-27 epitope of enot e _AI D preval ent am)ngst :
Caucasi ank(@by fragmeris @ad/aEtiv) B"’I‘@‘%Ofl}h? whele cﬁ"ﬁB‘P‘gﬁ Eer omnia) the antibethe ter m

" HBe183- 1%18/Alzsmh@f isBd d.ﬂfelrdn@elg@myamtﬁp*Hane-ztzhaﬁt.uéayl sxahtméby?tt@atrﬂst\ class |
terg

bl h
0t o erH Bt S st AR T PRI SEiot SR o FReTa prtPadiahs - g
used her eeast ohef}-B\/Sdetmedipeptidepm?ﬂhcﬁbgebmrnot broiteat to HBd 827 (REQfIDINGE3Y, 0ot | 5
S?q“e: etﬁg?a\t/aria . ffag,%e'ﬁﬁ\(héi%f' ved ﬁap{:]ésd o‘HBblSPanCQ Balésespcgﬂ‘r?on%ﬁ' ve

site(s sequence w cterl Ics uncti on of
t he pept i ardibodies, panglwhalarantlqulesawndefragmntsethelnqpfa/vhlﬂea@amdh@ antigéreot i de or

ani N0 aci g dfdl (RYoP ! B LAFENGABILE SinRANPHe afiBbopXerBle Aabr gasent of

HBc18-27 conprises the active site(s) enabl e t

fragnent ipiesshepgeably Wikt stie18¢-1ahan d)é f%&@?ﬁé’rﬁgaﬁ‘ﬁt FRe 18331919 and ﬁﬁ""covnprl ses
the active a‘stzemb ﬁdmnkeembb@ tish@pE&:%?dfAaedwaupbm&.hzwaﬂbagthﬁéemiv to

to anp acrsbied BleRongrate At o VEHE BhReEr S T RE S Vo) Sl Brrbet the -
active sidrefrdgnaint theeeat,rarelasclodes rnmolctasaloamibmgesarpblyglem anfibelidfsr aigolent may at

| east be ]?]%inag;\t b8d|g% :1%% f;anmleﬁfg%é}?of%yh re‘zi?r{ {fe aﬁH?@rﬁ%&ﬁ%ﬁ{ﬁhﬁ&%Xhe as used

her ei n, ers east oné anti bo ecul e amno acid
sequence patentiaetipasty- ant i gen bi ndi ng regi ons has been altered so that the
anti body nore closely resenmbles a human antibody, and still retains its

ori gi nal mmhﬂgarﬁiabay frigme® é&es@d merem féfer§ REah RESMpBMrighdd psrBbers to |

cell s that have been ‘engl neered ée[)ro uce a desired antjbody in |arge
am)unl% ?fotPeé%hﬁ?ﬂ”@"?%ow‘ﬁcﬁﬁ‘%o‘jé(t‘”h'@h taigg, tengHigea HiRdinggupdiop O3 r enoved
fromthe wéﬁ%ht@i)d;amxamplmloftdmbodyafsadnwm moabié emgeelaw Flabhh eanideFevant

ti d fused d |, Th -
Dor 1 o mea R, ARCPRESc AP A oitse RBPE <Aty MRS bri o
cells (cahhkb@dqﬂorantibn%)fprmdl fronmaihtibiogy fragragntsll fragments nﬂﬁaélan/AéInyAtand Wil |
produce a£ (J @‘?%it/A?Hﬁ\b af%e%trﬂgﬁg%é ?m%%@mneso%ngaamgf Ire& I neé

produced according to e met resent invention |nc uées but is

not 12 t affinityoofdhe fulldengtinartibfy. dm Ppitieare égn%bﬁnéh%ﬁeaby ahlepgiede aminBc 18- 27,
c18/ A2 mPgid." atnqilé Stﬁé fFaPHeﬁt 0§ M3HD hALChMibBAE cBMpARsdsNBErdiSen

transforned cel - have been altered.
Thi's doesSge st i pyPiRsdna Mg o HBets S BEetr B NS\ 67 o ety Gour -
cells, i.fagnadnt ehér@offamﬁrthafrbgmémrof IafE18$VAZ)dmaﬂ1tlbdiﬂy00cﬂrliprSd$)&iEI ermgéral :
aninal 1 hou as t.h i ncl ude
but are n%f’d'r'? nf;{eod‘ q%%t qﬂéﬁlesgurtﬁmg% ﬁ%sﬁqﬁeéga @S@ %S ?_égag% §§t he

| i ke.25 12frggaert dremedfi sol at ed” is herein defined as a biol ogi cal conponent
(such as a nucleic acid, peptide or protein) that has been substantially

separ at edyhPieaf "'Qrﬁ@eﬁ‘pé’é' Gseﬁ rh%FBm QPdfedd b 'aféuSQaﬁé@!atMatf 6r9rﬁb@ttﬁ1@§erﬂ¥é?lbﬁ @k cal
corrponents in the cell of the organismin which th mponent natural |y

occurs, i arfibodigs gad cew@#?ﬁwn*mmtaﬁdewv?eadhm%ﬁ%aﬁ%ﬂ '"Eém‘aaﬂ%ﬁ hSNERE,  and
prot ei ns prd6Ht v nish vikEh thi Edtini “BerBurgen’P Inthe isthist s¥hse hmhavMegdre afe ihose at ed

ot o, B T <Bob bt fur g Bk SHehY B AtgREY dhe ' "
prepasted Osfi neécasrdubstamtesethgtrtmmsioospeclﬁc antitmgliiesc Ah lantigenver ftagaenttheraot al | y
synt hesi Z%gy @g%l rﬁélgcﬁé:{l gsan epltope) that makes contact with a particular antibody. When -
a protein or a fragment of a protein is used to immunize a host animal, numerous
regions of the protein may .induce the production of antibodies (i.e. elicit the immune
response), which bind specifically to the antigen (givén regions or three-dimensional

35  structures on the protein). The antigen may include but is not limited to HBc18-27 used



The term "nonomer” used in the present invention conprises at |east one
antigen, a 10 heavy chain and/or |ight chain. For exanple, in the present
i nvent i onwot2ba/osessener used in Exanple 1, conprises HBc?8TRG2emmo@to | east
one HLA heavy and light chain. In particular, the nononer may conprise SEQ
I D NO 3 or fragnent thereof, a heavy ﬁ@d a light chain. The term "nononer"
may be used interchangeably in the present invention with the term"cl18/ A2
conpl ex" and "c18/ A2 nononer”. 15The term "nutant” of a HBV derived peptide
is herein defined as one which has at | east one anmi no aci d sequence that

vari es friviarehangespit witle rdBel&Ate Poplides- ane odetB/AZquéiRed8dd! sysed it uti on,

del etion ﬂfer&f%q%;édbﬂfw:&f ‘HRle 188361 pdPiBe HRINE18WALH anlWaghehtBitiisedthe ability to
bi nd and activate the anti body of the present |nvent| on and be activated by

t he non-nyt ated pe |de Y e nmut a 18- 27 ma |ncI de but
are not mlj'h? &y 6 Eé“?r{%g geﬁ' %tol% qbatp\”%?ffaggﬁ ViaHo"'lsaB BPAEPhe term
"sanpl e, "ingsdignid ohereps ncani Ise asmoinilynempleydat mapiasﬂcnrfgemeqareylenblrwbmg:nc al :

| tw i HBV
o v pABRHES e EAD bR UL SMSRR 7 S S e gy OV
itsel f nagsseolgyi Qfé amdb@dn#sl?lmbl af’ dWltb.\ntf@xter"actcof\&@tmgae@@lntla")'chfi ohisone,
organel | eund%rrstf@frf%fa{?\% épﬁgbééﬁ@eﬁ 'of 'iﬂéipr‘égér{t m@nﬁ(% ksubstamtiaiPMdrisENA, - RNA,
or cDNA (1 n solution or

bound a solid s rt), a tissue, a tissue
print; antﬁreﬂmfbcatefwauatsce@easa@eveé. q{em?q{eAqdétpﬁgl seghences may berinAysigd abr

'speci fi Cel 57 daiNFdRE ‘at HRS 8T erldd Acbstdingly 5 olybeptide etIRRASinG: eBsaMtigliynofor

pepti de and an agonj st anti bo or an an n partic

b hai 15 | SSpBiomanh i aarRgBrand & knde PRYRPIad et Bertab e e 5 |
dependent setuencd Xe pYigs érec eenaf “‘cangstingi cfulnars smdanstbmd ¢hadfthé helypeptidei n
recogni ze For
xcanpl e, Prvledie R MO Sxdind o 1nvbilBn b HRaplo SRLAARL of (O

pol ypept i the indinatad men@eqche(f@mmm@ A, sp@f:lﬁ(t hmtmné%em&@teeﬁ wvtheeesﬁﬁl kbel ed A,
in a reackRBeChtaiRdhdditud s&Rich@ s itgmBn@Rgebfie antibody will reduce the
anount of labeled A that binds to the antibody. For exarrpl e, c18/ A2 mAb may
13 specifically bind the ant % HBc18-27 and E183/ A2 rrﬁg Bem fically
bi nd the A&Re [egandenvpliveg @sused hereinprgiers &o fhe-cbgmjca T““’d'f'%at'ﬁ%rofe? {ePMed as
vert ebr at pBVRRFivedCpeplas, Yor mmmhclemeesenaédcemb@mhg/ammmne FBV darivedses of

g g et ol Sy e SR R Saprriad B eona B AR s en boy as
used her eencodmgent easioorst HB ¢ aietiveuinee phide:. |del}cat madlﬂtmhas'efsa Qﬂlwrmdemdh?eto aT
cell r ecegécﬂfené TR indild, hﬁ%)(argﬂ)lg @?I%Eérﬁé”t%f hydrdien Byl dl%/? ANNGHRRR

ant i body may er to an ant can recogni ze bound Feptl des. An
exanmp?@ oﬂl’O&pT@Riel”V%é’erﬁﬂ'WéF‘é‘PMe %P?%Hwofﬁ?ptldﬁc‘l‘”m% refaips a6 19@5t ON¢ mited to

c18/ A2 10pigicanst |§%3&6&0ﬂ%ct1&1 ONRE indfikal niflecale. he@%’ﬂlatﬂl@%ow&/pt@@rlé ved .

pepti de, as useg herein, refers 50 an am no . acid seﬁ??gnce \a) is altered
by one or °RHMadiicd ng"éc&s)ﬁf@t'°"Tﬁ%qX/a§'Pf‘aPﬁta"%ﬁ iIA-Rracess Bl L5'9at AL/82S! efGinges; -
wher ei n abplaihl drithednadsgicd fumciich didie [mlypebtide fednt which itatas@erivddem cal :

properties (e.g., replacenent of |eucine with isoleucine). Mre rarel y, a

vari ant F% g@%spa}mﬁd&?}%%@éﬁ ALITREN agﬂﬁaﬂﬁﬁe ife that magBLz%%ﬁvrgﬁnf

gl ycine wi OUS M AOT VarT At ons 8150 ncl Ude arh no
aci d el etiBynin parti¢utasethei dewedmphde @ay dnstusle Huh isdeatdimiteaith fhevgdreh ami no

aci d resi QHl?g%n”@Metb%esa‘ﬁhééd tsukssd adtn@é@%ﬁ@gﬁ mgfan%eﬂh@Fe%fj Nérk o Bhrtiglgy, | shing

bi ol ogi cal or_1 munol ogi cal acti vi t8y f ound usi ng conputer prograns
vel | knowtheiPY- H%”"&Ptpeptfdﬁrm@&%'ﬁ?@ WAK‘B?&% “Wate. 20A person skilled in

the art will appreciate that the present invention may be practised w t hout
undue expeahé nanit EHEioO&-ZaCISOHiedélﬁgjefﬂed he anmtphmia giavean btnaiate. HIA elaset hods,

t echni ques g ﬂ are e % ﬁo r from
pr ot ocol s 0 &% acm|u%I B o?ecsﬁnof'tgm%g%e b Vil {199%8 eng% ?38 s.
30 epitope may be "FLPSDFFPSV” (SEQ ID NO:3). In the present mventnon the term ,
HBc18-27 is used to refer to the HBc18-27 epitope of genotype A/D prevalent amongst

Caucasians of sequence SEQ ID NO:3 unless otherwise stated.



I n one aspect of the present invention, there is provided at | east one
isolated T Cell 25 Receptor (TCR)-like antibody or fragnment thereof,

wher ei n twe 2antdsbssdy or fragnent thereof nmay be capabl epofi/sepewiohiqal |y
binding to at | east one HBV derived peptide. The HBV derived peptide nmay
conprise at |east one hepatitis B cor g antigen and/or at |east one
hepatitis B envel ope antigen. This nevx) anti body may have the potential to
target HBV infected cells and HBV derived Hepatocel |l ular Carci noma (HCC)
cells based on 30 these cells intracellular expression of signature

St gene. BheitemnaHBe MR 5 bessinGeRed e cRHES Shatssh SUpYBIECHEA 6B on 2
form t er nRdtricled®n cbRULARS ¥ @seﬁnhteﬁcﬂf&ngedw@lﬁiwﬂm IR seQuidnee bf ARt | de - may

be in assocjiation w hi st atibility conplex (MHC)-cl ass |
mol ecul e, eI?'I‘?pﬁHIa@ﬁbSu%'aI'rTRéﬂﬁI '5’3'%81(\29151& ecule. The HLA class | 14

mol ecul e may be HLA-A2. More in particular, the HBV derived peptide may. be
part of aThéden I'frageEnt de usedipdreix, refdnetmmpbcﬁuple:temprsbmtadg)ortlm dfiB¥é fdier i ved

pept | HL%‘ﬁu%n%ué é‘t'lé‘és? he TRVESeHVES géﬂ'é@ §orIq thu% iv8's ?@)rﬁ—‘c“ vely

terme Mens. and ar e expr 6s aceo near
nucl eat e eceﬁ¢rstf@fsenhewdeuw’¢1rth@dwactemdcs myfumtm Oétml Hepfiteptni RRsticularsitial | y

9-10 am nRaA%k dRohd 1Y) at9&dsk Isﬁéinwédm&%eam&ﬁ&ghewyme%umn\sgé@é or self

altered (tum)ur) proteins in the endoplasmc reticul umto@gro uce
conpl exesfragmrnt famsxanplief fragmest estéqup’f?octoemS%faetaﬁ@Iersﬂs Hiat RS des i s
transport gd é1@lA2hﬁ1A5L6rff?é‘gﬂ1éhf thetddf tth Qeédgf'neé tad/of @l Ir@nvdme lof HBle 1839 e

recogpy zed the T cell oXI T | hocyt es.
01 1 ot CTSES e, SHYS BUAON VAL AnBRE AP, = REACKTAR & Frgtaenty PBhe

HLA- DQA1, reldbghnimuragﬂh&t[aﬁay alan defef & a IBlaﬁﬂnentTdsfears petibofly accandieg m:eny)n

bet ween t t ogyt and the
vi ral pep? gtsgﬁlrtriaes %’%’ g@ %&er@hﬁ%ﬂ%&e gﬁ%%x{"?&dﬁo#&néﬁ%s-ﬁgctg%t gxﬁ't t1SCD8 T
cel | s t hatecegmsasdhe coyesppnding antipeatt Eoe ttearnent oraymt tagathe Hhamiporagldsdyt oki nes
(TNF- al pag@nd | FN-gamma) that are able to clear non-cytopatically virus

i nfected ce? Viral proteins produced within the infected cells are not
accessible to tme cl assi cal antlbod but the immune systemrecogni zes

vi ral 13 nf &g tegm clumanizeq asiipadyy Re Uge E?'F'" EED A gk ANtiBeyEpRiequle

| ynphocyt mswhiéi theeanfin®dtic isequenoé invihe uenspigsnl biedikgDgibne @bt deeRBitarediui res a
hi gh degree of .t echni cal roflc eng nd such ce | ls are nstable
in vitro, ?r‘Iéat 'E’oc?ﬂ{}fc’d&{mg Iyb %/"égle? haﬁurgapnecp bOd "T’nde?t@cbnﬁrl]éz/gésj '
HLA- r est rongnmlbmdmelab;btyptl de I i gand on the surface of Virus-i nf ect ed ceI ls
woul d al l ow the detection of virus infected cells in vivo in humans and

then pot eﬂ&h%lab Yhehdi® tﬂeltéwaybﬂéornpl hdrg S0 WMol ol BEAP BB EnGhedtb@dgost i ¢
potential. 25Since the HLA-class |/viral peptide conplexes are usually

di f f e2&nt Plodues rdesised apihedyinilpie’ ampupise Fenexansie 9 PEodyeR @hy@SbeN% | | act
only in angsidesbes c@l%péteaém@%dﬁifonhthﬁ&b%eﬁ@f iy bfithadthdehdsieedn ldhattengass |

I I HLA- cl ass | duced  hy . f '
Tocat ed ofthdar AP CHBEEHEn Ra] Rl orbas THEVEAKPd SFLi PICiePE Gy oat or
ext end, t herformeerby makigd ehe wrdi wethbshnasi mhte perefteeue dhedudedchybaid adsrbi nat i on

O 30 0 [ Rieabes AR bRl P8 S JREARAPEH A AU 1 EosPlnd P

di fferent ass ecu ferent 'vira eptl des and
t hus 2her entibodyriresampiacofd wbriderna celt Imrpreqiuoreﬁecmm: tosibs rmetmcI ef| th‘pept i de

conpl exes pREEmEMERiANINLREES el i€ eldt Siimited to ¢18/A2 mAb#1 which produces
monoclonal antibody to HBc18-27, c18/A2 mAb.

“Immortalised cells” as used herein are also known as transformed cells - i.e. cells
whose growth properties have been altered. This does not necessarily mean that these
30 are "cancer" or "tumour" cells, i.e. able to form a tumour if introduced into an
experimental animal, although in some cases they may do. Immortalised cell lines
include but are not limited to NS1, Jurkat, HeLa, HepG2, SP2/0, Hep-3b and the like.



15 A*02 alleles, conprising HLA- A*0201, *0202, *0203, *0206, and *0207 gene
products. There are distinct differences in the subtypes between Caucasi an
and Asi arwpapulmeisons. Whereas nore t han 95% of the HLAPAZ/SGQ&I010D04E0
Caucasi an popul ation is HLA-A0201 the HLA-A2 positive, the Chinese

popul ati on can be broken down into 230@5 HLA- A0201; 45% HLA- A0207; 8%

HLA- A0206; 23% HLA- A0203. The TCR-1i ke anti bodi es according to any aspect
of the present invention nay target a HBV derived peptide presented by
different_alleles of HLA-A2 nol ecul es and thus it may target about 50% of
human popltealermriselatedcis dgreifydefiped agpbiojegieal peBaPenient I?H%ﬂ BSAQUEBFAPHG to any

aspect of pdpige I §5618in) lﬂﬁatermsl @ébnhwgtatnhﬁlysmﬁrafte@l;srudwem dpait frémf bat of - the
VI IUS-S

10 natural] occurring T.¢ receptor
D phacyt ST PR P S otegieAl ETrRRs i MeoCaha Bie aRBaET L Lk B s can
be cal | edcompoabht natwralyt asculsT CR) eihekehrambsdmnilaaﬂ extraehrdrabsdmat ®Nnandodi es

accor dé' nng\IRhgr?i}/ rg"g'lt%F\%CIEIHa ic taEﬁﬁs pd’ ndBDYﬁE‘%E %’ichn%eg (t:)%gIlI r()IaYe%l txuéa" gh

bi ndi ng affti err corre exes and t hus
15 are abtlede oudleic agids and rneqt@nabw}f eddmﬁtandagi wrnfagthnrmetbp@@ Toeltern whu ch

often di S@’s@¥m§ra¥@é’ NucIéI’é"écﬁ’déaBéﬂtfd)és Qrﬁd ;\.(rbfeﬁ”s d?@d%trédjﬁy/ r'éle&n&h@ﬁt%xﬂ)re!sél&lﬁnds on

their surface hese ke antibodi es are al so ‘able to recognize
HBV- i nf ec@@d‘qﬁlﬁﬁﬂﬁsﬂ@ﬁé‘ﬁﬁﬁ‘?ﬁ'@%"y syRigesipad ’H’éIefcv%‘%PSpeptl de may conprise at
| east one hepatitis B core antigen, envel ope antigen, surface antigen

and/ or rru‘n&mteﬁnt ‘hoheaér” used pathel ;Swéeaulf mvéﬂitanB\:hpﬁheéé veBagepiel sitigdf) a may

ant g B 5 aGPEI8RE R Y deFPlrel e pESTR R P T TRt sl ot o of -
or consi smsEmmm edrhgrises HERA 87 24hdaatdeast dFIBeIiIS#ShBS\Zy agd \ighti chain, Imut ant or
[ragment bARGES! e ﬁgﬂpmep@sé %eﬁgqgmo ﬁﬁ%gwézt HOBE b}avy SIS Sts of

or consists essen fragment
t her eof aligint PIMST@eﬂQE[n egay @@H%@%P?@I’fm@?a%'ﬁ@%f@ség ineg§eht i al | y

of SEQ | Dy he4ermcY@AD a6 |emnané1,8/,qmgﬁ@gérent t hereof. The anti bodi es- of
t he present invention may %I nd to the c18/ A2 and/ or E183/ A2 nononer(s) on

th f f HBV inf I I dt t ! hem f ‘
| mmun modieeen et ofh HEV deived p AR A TR T By ( ADCO
by Nat ur abnd<|ahrhr&ar atid| $ex)uenceh ¢hat ntarieo dpnray Iénst swrlee ciferender amms ém:oged)up

isti of: 3 L X I 167
andor - prikdbigrste SRR RoRPir Keitol b Ma SRS TS cord blSe Bl
bi ndi ng t dkilitaka bibddyd petvatedeeiantipothef thy bresdoiiavanden and be agtivated by dire and/ or

PTA- 11068, ghhitafat e%oéié’ Etxgﬁgep'of‘ﬁinﬁtahf% AMBERDE-DY Sy GRS Ut 3% AdifmfAgd no aci d
sequence of , a variant, nutant or fragnent

t her e?f} ; '@rﬁﬁ%%e&'@ﬁt"r Bodasieifadsn Agbla®. | east one Iight chain and at |east
one heavy _ -
The term "sample,” as used herein, is used in its broadest sense. A biological sample

suspected of containing nucleic acids encoding at least one HBV derived peptide, or
fragments thereof, or at least-one HBV derived peptide itself may comprise a bodily fiuid,
an extract from a cell, chromosome, organelle, or membrane isolated from a cell, a cell;

25 genomic DNA, RNA, or cDNA (in solution or bound to a solid support), a tissue, a tissue

print; and the like.

As used herein, the terms "specific binding" or "specifically binding" refer to the
interaction between a protein or peptide and an agonist, an antibody, or an antagonist.
In particular, the bind'ing is between an antigen and an antibody. The interaction is
30 dependent upon the presence of a particular structure of the protein recognized by the
binding molecule (i.e., the antigen or epitope). For example, if an antibody is specific for
epitope "A", the presence of a polypeptide containing the epitope A, or the presence of
free unlabeled A, in a reaction containing free labeled A and the antibody will reduce the
amount of labeled A that binds to the antibody. For example, c18/A2 mAb may



chain, wherein the light chain conprises am no acid sequence of SEQ ID

NG 1, SEQ ID NO 32, a variant, nmutant or fragnent thereof and the heavy
chai n compoizsaeasszno aci d sequence of SEQ I D NO 2, SEQPCDISH@1BR)04d0
variant, nutant or fragnment thereof. 10The anti body nay be at |east one
human, humani zed or chineric anti body13 The anti body may be a nouse |gGl
(with kappa light chain), that nay be able to target HBV infected cells
with high specificity since it targets the HLA- A201- HBV core 18-27 conpl ex
and/ or HLA- A201- HBV envel ope 183-191 conpl ex present exclusively on the
sur f ace ofrepifisally frind thegartigen.sHBarel ARY EJ"E%’Aae%P SPRYasResticellyebipgd 6’éﬁ.lct| on of
"chimeri Carﬂ@é;i. bmdies19{ Morrison, et al., 1984 incorporated herein by :
ref erence |n their enti rety) by splicing the genes froma nouse anti body
nol ecul e era.ea ecificit oget th nsfroma,
human ant 03%0 e op‘eé 'ﬂ)r%eg t® B’leg%’(br te(:aﬁa 'cuaVYIV ma ﬁ‘aﬁ FeUsed. - For
exanpl e, mdrmcugaelnemnfanoﬁorapumm aimeselaoathy thep$ubingt may meducbiady berat dgast

aut oi nd i e t 20 genes from a human anti body
nol ecuI e %\[ %ﬁﬁr@&dﬁgtechaﬁg{)%l Fcagﬁﬁ%%lh\tg?ty A chinmeric antibody is a

nmol ecul e in which different portions are derived fromdifferent animl -
speci es, ScRmBSTGRbkemABRalang! antbady” s used Bgfedyretet ioaldeast oif antkady ne mab

and a hunmg bénéu&s)gllrrmbw tda QOB @B&PtErEPIOR) -antittodgd M ;taaraéulart gehTerRuRS have

been devel o rodyct.i on ed ant.i e , €e.g.,
Do, San paganna abag Bepagh anlivetl TR 3¢ feedPiies M kbnuPgehidy: © 9
r ef er enceAn exdniygé bf erICRFIﬂmyr)onoélnnalramntmjglrmyuhmlmd bud It natdimiteditoyc18%aA n

varlaR)Ie rgﬁl OnEQQﬁ)ﬁb%‘% of a "framework" region interrupted by three
hyper vari abl'e T egions, ref erred to as conplenentarity determ ning regions

(CDRs). Briefly, humanl zed anti bodies are anti body nol ecul es from non-human
speci es hAvyanignid pbatdeastone HBMRIsrivebpertiHe. asoised Betpinegies e an aqinmarid

framewor kse{g%@hé?en telt o9 AtAetTRY  bRETLUSIOBIoRD Wniidb rgaldecwhe varﬂazt trhayr dagaIt i C
capacity or exanp detecting HBV infected HCC cel b?léF’OSI tron

Em ssi on ?ema&ﬁﬁ'yd@mﬁ WheTgIN? tSUBBIHYed AT @Cifi Fas F'mé'a HEWAC Pl de may
enabl e begHepticdl efogemegge of retptaeeudesteﬂmmee\hﬂmdﬁwcmsy ﬂ\gﬂé y'arally,dai oasnant

r adi oi ra hThe,,ant n%/a Ether | abel e VY' ih! & hgne toxin
and/ o h'@'ﬁ%t REF aRAGPTREN LY e?ﬂa"g?s Dt {‘?péaLﬂeQFn 8% ¢ c' éh 3’8 ogn? "body may
be used aAnaimgolumrmmmtvamtrmhs t'r‘raatalsloemctlteie graingetigd deletens qrmaedloagemtbgthto t unour
cells. Theu.g |rect ﬂlf%ogrgﬁﬁ apﬁ.n@ax.d%a Gds mgytbaesuegﬁéeet Tgme%nuon may

al so be use t he er and |l ocation o epti de/ HLA
cl ass | c@ﬁﬂﬁ?@ﬂv'tﬁﬁu‘i ﬁb@'@h'@@l %@9'@'@‘ 'W"&l‘?ﬂicaleﬁc“ﬁ%@@é{t P‘hd‘"ﬁ\é’l PS'%éhd t hus

can be usgfhutdrprétahy dbrridn iRt &, etexample LORASTAR Sbgarand presentati on
of HBV anti gens |n d| fferent ceII types The anti body may recogni ze c18-27

and/ o 183 91 e TCR-1i ke nnAb
may 1 &hr ebdl b, R A Pl el B dhe et ANBIE P e TSRS ogy
First, t thhomAlund&m eknenu&etﬂatnbm adedrdioy tarick mettwdtgngemhaaml iThe rbdtlodst esence

of pMHC C{%@PA a(e%sa[ngyché%?gg%rég a%&%b%éd %fth% %}g\‘eﬁ%% edF?et% f:%prg otocol

i mrunohi s sefu y an anafy5|s of
anti gen pstesdand apteohndiﬁygyc?@@emwwam@lolm texkpeakssi on of pMHC on APCs,
hepat ocel | ul ar carci noma tunour cells and | ynphoid cells. Questions

relating rnoomeozé%p%etdofvvﬂnerpeeééﬁf tn%m.oavmtreslsoarswaediatrlbaﬁ GHatik@gied TPeesent ati on
may be directly addressed _and the expressi of T cell bcfyyt opes on. the APC

may b%5 Vi gg%gqtcge(acghaquaaqhopy IOécjragTG t thereof, whereln the anti or fragment
thereof may be capable of specifically binding to at least one HBV derived peptide. The .

HBV derived peptide may comprise at least one hepatitis B core antigen and/or at least
one hepatitis B envelope antigen. This new antibody may have the potential to target
HBV infected cells and HBV derived Hepatocellular Carcinoma (HCC) cells based on
30 these cells intracellular expression of signature antigens and their association with
human MHC class | (specifically on a form termed Human Leukocyte Antigen - HLA-
A201). The HBV derived peptide may be in association with a major histocompatibility

complex (MHC)-class | molecule, in particular a HLA class | molecule. The HLA class |



The anti bodi es according to any aspect of the present invention nmay open
new opportunities for use as targeting noieties for various anti body-based
i nunot hewepeutisessappr oaches. The TCR-1i ke mAb can be | ipchksd2vdotonosao dr ug
and the resulting "ab-conjugate’ can be used to deliver the drug to the
infected cells. 25 In particul ar, thef@ntibody may be linked with at | east
one drug, anti-viral drug, toxin, and or chenot herapeutic reagent. In
particular, the antibodies nay be used to deliver drugs to the infected
hepat ocytes with a high degree of specificity to suppress viral infections
and t umpunelecTmBaY PR AR, Mot InRaeicHiar. e BN derYacdAepld ey PERAPIAL, TLR
30 agoni SMHCag%BﬁH@ EomBet, WA ¥brhplek Bbfritiig e HEBVAEMED peptidl Mhd/ HAHLRE, .
tenof ovir the |ike. The antibody of the present invention |inked wth
at | east Ors ! mAqculg v al drug, may increase the drug availability for HBV
infected cells which may enhance the | FN-al pha effect for the infected
cells mhll red ste | FIN- exnosur S n |de

effe Ct S ul\éﬁgﬁla?sc Q%as re rpec(:%lvely tqr\%uegg-ﬁA %Fhuﬁw% ﬁn& Q}‘é e){pfe%g%y 9tl’§

t r eat nentsuiface oﬂaeafhrailnntmlaa&/pelpas‘gh@ lhympn @mdvxtamﬂgthby \b@d smaﬂcmpt!éml ot her
conpl i Cat('(uﬁlﬁ'ﬁl FIRPGRbELIY IBhbg'%}{vedTﬂﬁnqprg/eﬁ@odéﬁg AN Ploflicdal R3] s may be
i nked wi ¥ | east one trac | e agent and %e otentially used to
quant i fy 3Bed fiemeyrdprofeipatiode @@dwﬂas\m reficytum. rtp \Preayice TRePleses.r Hiteabl e

agent rraycohme%krbf m%lé&ll@?ételﬁranah@ﬂ&ahd eptes & tansPbredd tb thd sumaeabl e. The
i ncl ude, but is not ted to envi ronrrenty{a agents,

traceable a
bl o0d O o scte cals here e b fegagnizég by dhe T el FRegios PrepaRti o PBES,
| ead, neuCD8 aXliymphodytes0 Diffekeant tHLA Wypes inclmdé aAla-At HEA-BahiAye 3L A-DIRA, K+, CA+,

urea nitrog reat ke s and conponents, ChE,

AChE, | BUCHEE DA PE%"#&RDE%& ﬁL}g‘@R%E%%KBQE%E‘CEA, AFP, HCG, CA 19-9,
CA 15-3, CA 27-29, NSE, hydroxybutyrate, acetoacetate, anti-nalarial drugs
such as aﬂtﬁjﬁmﬂﬂcn@tef@mpenmt\hl%&n ther fleatlls Ferientor resestieat eytotexio\idne,

ci nchoni Ny, ﬁd&fé@%b (i“en\ﬁval E@Bti@é?ﬁ%@rﬁed BPMEONIA-EIRSs | rhaleémmdaoae the
nmef | o ui né, prinaqui ne, pyrimethan ne, quinine, quinidine, and suI fadOXI ne;

anti JHi ot $08dr eRlls Eﬂmna%esgﬁapw@'wfﬁﬁed 54, A nge?%antarwﬁ%heﬁé
eryt hr ONYAlpik arfFANGahind) tha Bfé 4t foasese hbmeytopdiichllyvals mydcteal cells. UgS such as
abacavir, adef ovi r, didanosine, entecavir, indinavir, |am vudine,

o 20! i PR el R, R o TR Mo B R
aspect ofarttlbed)prtn&elm lmmumtsvsiﬁnnrayomeaserdl infeqted icellst thrangh Hhérepaelbcel | ul ar
car ci nomaLELE) breddh® oh @D%gf QHgﬂgcy@( té?r?ce'ﬁé/dtﬂ:ﬁ&pgpvlﬂug%Bemf%%[b@ﬁ'%ﬁ@d cells

is the npst con5|stent |ate factor I n mal I ghancy O
TCR i3 nisBuias? high eggfee pbteahaeaéﬁoﬁ@hecqu Yieh cpliseare %‘?’F%JY] Ug%ta*?.l?éﬁs on -

l'iver bi opgb afie ProddcliorPat atibb&ies T s @&masny I e fheﬂﬂlﬂpﬂarsﬁ‘ﬂteﬁr@fm TCR-1i ke
cancer .

mAb, Ilnkedtoat | east one dr th i kil |
Col T s, THRePILE BRI e s Eoes ATIRBTHEHED G mayOe A ShocdetpilEtiol AT | cat § ons
t hat i npriafeetedr @it nentivoofn hidWagzabne niteh Botentidily nthenidetivery @f inchietles with :
side-effe GLS; &Qeor%%gné%cgﬁg ﬁg}d E183/ A2 mAb can be used to obtain precise
i nformati oﬁ 8B senc expreSS| on pattern and distribution of the pMHC
conpl exes on viral-infected cell surface, and on professional antige
presedt i ngineelthe . HEA-claes ltVFrabmﬁn@%pomhlﬁkife@F@rwéW |dﬂf@f€{ft§|'r‘sd'iﬁﬁremtro and

in vivo nayiviaLse, Jﬁ?‘er@rﬁﬁ'@lﬁ@e%ﬁbd@lésmlﬁ B& Inl3h AZeldRiad BEISToNIR hEFhE8R A2 rrAb

The ¢18/ A2 mAb and mAb may al_so be used for conjugation of
carrylngadefned HLA-cIassImoIecuIes The HLA-cIassImoIecuIes re produced by a

complex of genes located on human chromosome 6 and these genes have diversified to -

greater extend, thus every single individual might present a particular combination of
30 different HLA-class | proteins. The molecular structure of the different HLA-class |

molecules select for different viral peptides and thus there is an extreme diversification

of the HLA-class | viral peptide complexes presented on infected cells.

About 50% of the human population expresses the HLA-class | molecule HLA-A2, which

represent a family of HLA-class | molecules produced by gene products of many HLA-



cl 8/ A2 mAb and El 83/ A2 mAb respectively with antiviral cytokines or
toll-like receptors or antiviral drugs for targeted delivery of

i munoconyvogates2462 | nfected cells as a new i nmunot her apeutsiceoston@uegy. The
humani zed mAb-drug conjugate may have the potential to target
hepat ocel | ul ar carcinoma arising in Hﬁy I nfected patients which 19 express
viral antigens. The mAb can be al so used as a di agnhostic reagent by |inking
it with a suitable fluorochrone or radi onucli de. According to yet

anot her aspect, the present invention provides at |east one nethod of

pr oduci ngAd®2 <'=P"él§§tCQ5'i‘F§'S!’?9B1'-|%I%O1 HEA%: i"02Q3, FO2A6y aad (448V)9e8B EIAUFE- ant i body
0[ i’i 5f [amm@t artehﬁ:rsﬂﬁdtoa‘ﬁerteh@esrrm hee QWeESbéﬂ/eﬂgs/Cg&c%@féhgﬁnd a/txé.%ﬁmni si ng
a eas one, non- man na W one eri.ve I lde I n
st ot  orbuatn. WP A aEhan bET &' ine, P RiaZ BeiIVE C4 Gaua" BAmiRoR & |

speci fi ¢ HDAADROHBY HIs-AY posithepthedEhinase o paiaticht dGadrbevbrokenaddwintol 2356 |

mol ecu e:  Lo561. G5t (AhRb2d 78 M RoSbe 84, HRSKIgSC Lo the HBV derived
3 2075 B Roztet Fave HlACKA20

pept i i n"assocl a ion"w ass and c.fusing the
selected B cell with at |east one i mortalized cell to produce at 1|east one
hybr i donalheshieRdike anthedies wccarding to gnicasnedl o the praserfueYangormmay daiget ane

HBV- speci ¢ d@médb;%xd@;sregeJtéoewmﬁéreﬁmé@@Bf ﬁmmfm&e&uﬂestaha thiliBNagderi ved
peptide in association wt WVHC- cl ass nol-ecul e nd opt i onal l%")

i sol at i ngtef9sé AL SPhceit P'&“%{htpPB‘BﬁﬂP”f F‘fﬂ‘ﬁetdh@’ (D i Hisimd CR-like sgngiodi
accor di ngaddardintero @y Beskcodf thélﬁreﬁér&mhtldmélhe()s’peﬁﬁcﬂtyWrIt(Sthal sfenbat i ng at

| east, one ecific, to \/ deri ved S0OC |on with a
MHC- ¢ ass"?l%”r?g‘ﬁﬁf%lpqﬂge Al ﬁecegﬁorf’ tV'WﬁépB?'%ctpﬁ%l ﬁ'g}?hg?ﬁ Sg‘é'hah ffe antigen
capabl e oéblbitocicngniteherus-infedted selscardi toug cart be chlBd Teeli reeeptpre(TCRMke n
associ ati Qﬁlib\‘)‘ﬁi&?. a WMHC-class | nol ecul e; and

The TCR-like antibodies according to any aspect of the present invention, have
relatively high binding affinities to their corresponding MHC-peptide complexes, and thus
15  are able to récognize naturally occurring virus infected cells which often display a very
low quantity of viral peptide/HLA-class | ligands on their surface. These TCR-like

antibodies are also able to recognize HBV-infected human hepatocytes.

The HBV derived peptide may comprise at least one hepatitis B core antigen, envelope
antigen, surface antigen and/or mutants thereof. In particular, the HBV derived peptide

20  may comprise at least one hepatitis B core antigen and/or hepatitis B envelope antigen.
In particular, the HBV derived peptide may comprise, consists of or consists essentially
of HBc18-27 and/or HBe183-191, a variant, mutant or fragment thereof. Even more in
particular, HBc18-27 comprises, consists of or consists essentially of SEQ ID NO:3, a
variant, mutant, or fragment thereof and HBe183-191v comprises, consists of or consists

25  essentially of VSEQ ID NQO:24, a variant, mutant, or fragment thereof. The antibodies of

' the present invention may bind to the c18/A2 and/or E183/A2 monomer(s) on the
surface of HBV infected cells and tumour cells and target them for immune mediated
lysis (i.e. Antibody Dependent Cellular Cytotoxicity (ADCC) by Natural Kilier Cells).

The antibody may be selected from the group cbnsisting of:
30 (@) antibody produced by hybridoma cell line PTA-10167 and/or PTA-11068;

(b) antibody having the binding characteristics of the antibody produced by
hybridoma cell line PTA-10167 and/or PTA-11068;



at | east one anti-biotin conjugated bead. 25 This novel nethod of
production of hybridoma, HBV-specific antibody or a fragnment therefrom
al | ows f owotzha/mdessel opment of TCR-1i ke HLA/ HBV speci fi c pomscebionad440

anti bodies, with a higher degree of reliability than has been previously

possi ble. For the preparation of at |gast one HBV-specific antibody of the
present invention, any technique 30 at provides for the production of
anti body nol ecul es by continuous cell lines in culture may be used provided

a step of selection of B cell specific to the.antigen is carried out before
the fusion wit§)theantipady tthati Rinds dxlan. aptigen canable; ﬁf piading chpagntibedep (b)

may be carried out pgbnkd¥yIREhyLRideRE coBiRPTRE1 0163 AR/NBTAMNGE), of M I tenyi
Bi otec, Singapore. 20 An exarrpl e of the method used for the production of
t he antlbodyo the pre t entlonls Vel

ot ovi des o metibd eoRbat HE P anaRed ook ARED eGH BRI Bheci 1 ¢
for a peptide of SEREQIDND:3, R IVNO:F4; o varidnt, nodarg o5 fragmerdtheséofHBM usi ng
BALB/c m ce. According to another aspect, the present invention provides at

| east jone isolge?ed BebBO LhmBisifd SO ohd GEAUnairP GRS LE HEAGROTHEG0D L0 any

met hod of the esent Accordi hg to yet anot ect, the

present invention pehsi adsrein Wét"ﬂ'@id’hé'ﬂ CamPEYas aynyad Wﬁf‘?ef ?fl he

presence and di striRoti, E@fiDatobgastvanag, Mnt o %gﬁr\dntcﬁhla}eof an@ teaIbj ect
the method conpri si

. contacting at |east one or
t hereof according tBegaé(Mf i‘ﬂafé’ﬂ@&feso%“'f‘ﬂéc'ﬁrsé’%"rﬁce|°ﬁ§§9ﬁ5% ﬁ% ﬁ’f’r%weeast
one sanpl e obt ai nedNDr33a &brridreasdtatiive fragib¢dheregind b. detecting and
quantifying binding of the antibody to the HBV infected cell. 20The

tib
o 1 1 Rme e b FBEE 3t Baky ke hiingls nbitafieq SRR bedy, Yoy M A
bi ndi ng coay be @Hﬂ@dﬁtlgﬁihé\m&el{appﬁﬂght@éalﬁl}%%at ey decable @H@fggh*r‘r%\/@f%%rl ses at
| east Onecéﬂ%th Ng(ﬁcgp@ar&@lslncar}%gétstﬂm@H@Athlz@ﬁtHmorQQstB\éoﬁewahu@r More in

particul ar be anin vitro met hod detecti on and
quanti fi 05@4\'&301ﬁﬁB\&@EYﬁ'Qﬁenba%twaﬁ‘?&"tﬂ‘?é‘rp'%%eb‘é&’fc'usﬂ‘ﬁ@’ ¥y B8 sHEageRIIRY on
provi des mfderidltens.of detecti ng HBVI i nked Hepat ocel | ul ar Carci noma ( HCC)
cell in a subject, the nethod conprising:

15 - Techniques developed for the production of "chimeric antibodies" (Morrison, et al., 1984
incorporated herein by reference in their entirety) by splicing the genes from a mouse
antibody molecule of appropriate antigen specificity together with genes from a human
antibody molecule of appropriate biological activity can be used. For example, the genes
from a mouse antibody molecule specific for an autoinducer can be spliced together with

20 genes from a human antibody molecule of appropriate biological activity. A chimeric
antibody is a molecule in which different portions are derived from different anvimal
species, such as those having a variable region derived from a murine mAb and a

human immunoglobulin constant region.

In addition, techniques have been developed for the production of humanized antibodies .
25 (See, e.g, US 5,585,089 and/or US 5,225,539, which are incorporated herein by -

reference in their entirety). An immunoglobulin light or heavy chain variable region . -

consists of a "framework” region interrupted by three hypervariable regions, referred to

as complementarity determining regions (CDRs). Briefly, humanized antibodies are

antibody molecules from non-human species having one or more CDRs from the non-

30 human species and a framework region from a human immunoglobulin molecule.

The antibody may be labelled with at least one radionuclide and/or fluorochrome in order

to improve targeting of HBV infected tumour cells in vivo in at least a diagnostic and/or



a. contacting at |east one antibody or fragnent thereof according to any
aspect of the present invention with at | east one sanpl e obtained from at
30l east owe 2subjeessk; and b. detecting binding of thecasGz2oodgosto the
HBV-1i nked HCC infected cell. The method of detecting and quantifying
according to any aspect of the presenj, i nvention may be a non-invasive

nmet hod of diagnosis and nay al so be used for studying 35several

i mmunol ogi cal aspects of HBV. The nmethod may be used to detect and directly

visual i ze the presence of phenotypic anal ysis . of antleen (pMHC) conpl exes
by st andalhgrapedticnganasts o eaHRl% Aeiprbng yIBY: dnfedtRe HHE sea¥e HynP St9" for the

st udy andemsiol SiotnogfapBp(PEEN Tﬁé%ﬁlﬁﬁd@rtlbwledDthﬁiQﬁé%FamidMﬂQletrh@ eweessu on of

IVHC N d | | Thi
Dapl " obSge i P oL B e PR e bl R P
event s t hbé fusthetlabeded iwitly abledstgen toxirearenirahemnothargetticeedgeapriepartticntarof T cel |

epi tones (0 G ABGIBY S i SR 12 S ARAAURR hbALGHY |AESOGBY ko anot her

aspect’, tﬁg presen ion provides at Teast one ne reat nent of
HBV and/ oagexts todumaeurgals. HBV- | i nked di sease, the nethod conpri sing
adm nistering to a subject in need thereof at |east one antibody or a

fragment *i'll’ukeW@Rflnké%%d&é%%ft&y%eéts&%é pfa‘seﬁth.ﬁv&ﬁ.s.s ity 418y 88Used 1o The
anti body of the present invention é?tlp? dm nistered in COfTbIé‘Iatl on

with ot heP"esv‘i“)‘ﬁqP%‘?t'fVaWﬁ Hiehes and é‘?“@é?’? RGP El-enelasss\cqseniex grdnfedie
associ at i edlis\br ahy dhtiger pasdentiigled\pashusTde® Belugetl te eVdidatane efficiarsgsf may t hus

be giyen no ortyn r m, of therapy According to
anot hei grﬁg%sngtaﬁgpberségtgﬁ?n %%%Vn?rﬁ@ﬁnsp'fj&ﬁ%?@éc%w PEast one anti body or a
fragnent thereof according to any aspect of the present invention for use
i n medi ci Miee artbady wayirerggnize -2 Aand/oreanva§Het peptidhes) prtbe santextrof €A on

provi des @abo, Eﬁ’r%&dﬁ'ﬁke%@o Rby et 4 néwyvamab@ thdI PR HhajbNGE806f HE Or di ng

to any aspect 0 resent invention for the preparation of a medi canent

for treat MMINRYHERBL é’HﬁF‘d’tb & begised todi’ﬁéeqf-llﬂyd F’ir?ﬂt‘éd'sbﬁ"g@é@eprewcﬁ ihked

di seases FMHbl&%gl‘éxéé bpsiaﬁdarbi@%tm dfh&N'CVlKﬁtetrﬁaﬁ@ﬁhrﬁuri‘dﬁ\ét@h@ﬁhlsﬂ?SltfOr over
75% o di n yet anot her esent venti on

t,. th
pr ovi {ﬁ's qey| @a‘és’tep%ﬁ ﬁ? St éfra"(‘jl ARNSSi c?{ganlg@?/“ Eﬁg?'ﬁ?t'oé‘?bfg?a@{m'[}'ﬁgqi‘-ti.| i nked
di sease, tkedsion @fmsmHCsomgPab hemsdcetular cantindroal yuroouracells axyclﬁyrhphd@r eof of

the pr esen(%IIsI e’l%%?t‘ion relébtﬁﬁot{ h nuc% %grea%ggaqrg revb 8&%? gﬂ%@? 4 on

provi des a Ce"c Scd ol Bcul e enco a)at | east
one | i ght prekentaticof mathbe aitestlycatidrassed and dgnexpresstvar ofof Cdb@MBﬁgnttbe any

aspect of p bbqnl\%&sﬁgya|,ie@va¢,gtqhgﬁhf\g@er ein the light chain conprises SEQ ID
NCG 1, SEQ | D variant, nutant or fragnent thereof; and/or
The antibodies according to any aspect of the present invention may open new
opportunities for use as targeting moieties - for - various antibody-b_ased
immunotherapeutic approaches. The TCR-like mAb can be linked with a drug and the
resulting ‘ab-conjugate’ can be used to deliver the drug to the infected cells.
25
In particular, the antibody may be linked with at least one drug, anti-viral drug, toxin,
and/or chemotherapeutic reagent. in particular, the antibodies may be used to deliver
drugs to the infected hepatocytes with a high degree of specificity to suppress viral
infections and tumours. The drugs may include but are not limited to IFN-alpha, TLR-
30 agonist, adefovir, entecavir, lamivudine, remofovir, telbivudine, tenofovir, and the Iike..
The antibody of the present invention linked with at least one anti-viral drug, may
increase the drug availability for HBV infected cells which may enhance the IFN-alpha
effect for the infected cells whilst reducing systemic IFN-alpha exposure, thus reducing .

side effects usually caused by the anti-viral drugs. This may lead to a new treatment for



(b)at | east one heavy chain of the antibody or a fragnment thereof according
30 according to any aspect of the present invention, wherein the heavy

chai n compoizsaRes® | D NO 2, SEQ ID NO 33, a variant, metasic2on/obeagnent
thereof. 22 According to another aspect, the present invention provides a
met hod of determning the efficacy of vaccine in a subject, the nethod
conprising: contacting at |east one anti body or fragnent thereof according
to any aspect of the present invention with at | east one sanpl e obtained
from 5t he subject between 5 and 15 days follow ng adm nistration of the
vacci ne; HienieiEB¥e PPsRPhoPIRMPTIRO diver ey wimAliFalighe Apsocitadeth to a HBY
I nfected ggVl; and conparing the nunber of HBV infected cells
before and after 10admi ni stration of the vaccine, wherein a decrease in the

nunber of__HBV i dicates, an efficac cin
det er mi ni B %W/{%@% g}éﬁké&zﬁxﬂ @ﬁ? PGIREY Vlﬁ'ﬁh?flde SPF% rﬁl%lea%k? aq.?"gd to
t est ant i grehmay bepotentially osediaqoantiisHBY idedted hepatdcytentin gtmopmomes%h\mg I n

di ffer5enttr%dagblgl ﬂ?ﬁtl fay E’é’lgm?— E;Icgleci h?ﬁ%ﬁjh&ﬁpcg-ﬂeﬁpwﬁlbﬁ'% ttr&egpl)é frpect of

the present I Nnvention ma or vaccine validation, as a
useful t o@ceﬁﬂe@éﬁférmﬁm'éd%tbh’elﬁ r@ém%utoqunwm agpnts.dpeosl markerg; spl ayed

on cells AfidedS PeSRARSC UGS IR %M&dwc@saméw%a‘dahsure{oxagtmw
proce53|nq and presentation in vivo and in vitro, and these roces es could

be eval ua%® %‘Eir%swgﬁ?bgl‘}f*? @naifie NA LT SA*nea ioop Cf‘?.ﬂqﬁ'ﬂ? Rieghemical o | 5
exposed tBlo6hERRELAIE coripbiants, CRE | ACHEHE tBICHeX posduf endricers, RSXCAARS,CAand t he

et holf  of ek B Clte Ghc s oyt 1S b e et ySmnb Beent at i on
i n a cel | acetdaeetats, hadi-oalatali siugyg $uoh sisepmoftiiaguing, aattemgthart, artemgisinione
ant body fesLhAGTERoLARBNED REAGN, ngc.ﬁa\oﬂfaﬁeasreﬁf&oqt ne! %opyrcgamat

i nvention the 5Accor Ing to anot aspec sent
i nvent i onh%@févthd%s ragfloguine e seiinpRAUNEs t GYrMeRBMing; nguiphe. nﬂlé!!"éiné ag?™ of the

present i Qy@abAiR? %Iﬂfibﬁ)t.@O%Puggeléucﬁor&rl§ma.g.u.hheagfh&rrﬁ®m ORjoRGEIRE; | N
particul ar, the vectors may but not limted t Ien%d raI

vect obs, erihrasuycing peRyeiliip d’r"g tet n@‘ﬂ'ﬁ% ?’H'F’GV%‘E@H?@QS% (35 2hacayK| Tvi rus
vectors, @fshdsiepeste&ivirpingatt, arsividied, alesirapif, @ernofotif ritdrzir agaquinatir ovi r al

xleggogf Imag l‘l%ej%L{glglvudme tg’n% oevllrI %/a?cﬂ%bl(r)mfa a;[n%em ovuc?t [ucts either in vitro, ex

The TCR-like mAb according to any aspect of the present invention may be used in
patients with hepatocellular carcinoma (HCC). The integration of the HBV genome into
20 infected cells is the most consistently associated factor in malignancy of HCC. The TCR-
like mAb can be used to address the antigen presentation studies on liver biopsies of
HCC patients. The immuno-conjugate prepared from TCR-like mAb, linked to at least
one drug might have the capacity to kill cancer cells. This approach to HBV
immunotherapy may lead to clinical applications that improve treatment of HBV patients

25 with minimal residual side-effects.

The ¢18/A2 mAb and E183/A2 mAb can be used to obtain precise information about
presence,v expression pattern and distribution of the pMHC complexes on viral-infected
cell surface, and on professional antigen presenting cells. Direct tracking of antigen
presenting cells in vitro and in vivo may also be carriedfout with the c18/A2 mAb and/or
30 E183/A2 mAb. The c18/A2 mAb and E183/A2 mAb may also be used for conjugation of
¢18/A2 mAb and E183/A2 mAb respectively with antiviral cytokines or toll-like receptors
or antiviral drugs for targeted delivery of immunoconjugates to infected cells as a new
immunotherapeutic strategy. The humanized mAb-drug conjugate may have the

potential to target hepatocellular carcinoma arising in HBV infected patients which



23 or may be used as vehicles for drug transport to transport payl oads of
toxi ¢ substances to tunmour cells and/or viral infected cells. The TCR-1i ke
anti bodi esoastmeseisng t o any aspect of the present inventcoscasyoadsae be 5
used for carcinogenic profiling, to provide an individualized approach to
cancer detection and treatnent. Accor% ngly, the term "carcinogenic
profiling"” refers to the screening of Cancer cells wth TCR-1i ke anti bodi es
to define whet her HBV-peptide presented by HLAcl ass | nol ecul es are

di spl ayed on the surface_of HCC. 10' Havi ng now general |y described the

i nvent i onexPrass viahantigeny. The Mt eary kealpo ysethare? sagpesticHedasghby bikinddhce to

the fol | oxig s@eBEHuBfochidhid braddoricig. ded by way of illustration, and are
not intended to be limting of the present invention. A person skilled in

the art wll eciate that the presept inventio b racti sed w thout
undue expaioRBRt e APy e ee! et IO A TBs T8l o1 TREOTE! nods.

15t echni goredudinyd at lemst ©ak shybridoras, Heysatitis e Vinua (HBY )spéddfice antbedygioven or from
pr ot ogol s | | O : | ar bi ol ogy text books.
EXAMPLES fréd?’?t%gﬁ%ge?@q]ﬁﬁeei‘ﬁﬁgarﬂl(Q’%ﬁ%?ég]ggg? gquh%gfgues known in the art and not
speci fical ly descri ipwauniging: atéaast ahe pof-bhimangtammaldwitie @t heast ione $H¥br ook and

Russel , Mol ecul ar Qj&%agk fe2B LRBA AR WithMR MRS -cladP| FhofRliIk N@SfofRBPOT
Laboratory, New York (2001). EXAMPLE 1 P egar;atlon of _anti gen/ mononer The

. r . . (3
HBV anti gen t ar get el§adreiBeeligreqifipto the HBMrlepvRd peptids innsgesaion Wihe? mononer
prepared was an FPLAHou¢adS IesblésaeonDi nant, menbrane free, fully fol ded,

ol Us Th ant § gehi o pEUEIIHS BresEaees I8 PRl T f 6 R eeacoReT b |1ty
Conpl ex (MHC) C assasdsotiation wii2d MHGecss Ioiaeaute; @) and | i ght chains (LC)
(B2 Mcroglob ué.i n) YM@fnS th& BLESSE g &t vsfitﬁ%?‘g%g{]@r{ét in%o%aﬁ%é?iscéll% produce
at least one hybridoma, wherein the hybridoma is capable of producing
at least one HBV-specific antibody or a fragment thereof specific to the
15 HBYV derived peptide in association with a MHC-class | molecule; and

optionally isolating the HBV-specific antibody from the hybridoma.

Step (b) according to the method of the present invention may comprise incubating at
least one B cell specific to the HBV derived peptide in association with a MHC-class |
20  molecule with:

i. at least one biotinylated antigen, the antigen capable of binding  the B
cell specific.to the HBV derived peptide in association with a MHC-class |
molecule; and | ' ' |

ii. at least one anti-biotin conjugated bead.

25
This novel method of production of hybridoma, HBV-specific antibody or a fragment
therefrom, allows for the development of TCR-like HLA/HBV specific monoclonal
antibodies, with a higher degree of reliability than has been previously possible. For the
preparation of at least one HVBV-speciﬂc antibody of the present invention, any technique

30 that provides for the production of antibody molecules by continuous cell lines in culture
may be used provided a step of selection of B cell specific to the antigen is carried out
before the fusion with the immortalised cell. Even more in particular, step (b) may be

carried out using Magnetic-activated cell sorting (MACS) of Miltenyi Biotec, Singapore.

35  The HBV derived peptide may comprise, consists of or consists essentially of the amino
acid sequence of SEQ ID NO:3, SEQ ID NO:24, a variant, mutant or fragment thereof.



BL21 E.coli (Novagen, Germany). The heavy and |light chains were isol ated as
i ncl usi on 30bodi es and dissolved in 8Murea. 24 The antigenic peptide of
SEQ | D NGQw8 2011g0eeddBc 18- 27 of HBV was t hen sel ected and reficicded/omtsh t he
HLA heavy and |ight chains to formcl8/ A2 nononers in vitro. Anion-exchange
chr omat ogr aphy was used to purify the Jrononers. c18/ A2 nononers were then
tetrameri sed. 5CGeneration of anti -c18%A2 TCR-1i ke anti bodi es The c18/ A2
nononers of the step above were used as a source of antigen to stinulate
ant i body responses in inmmunized Bal b/C nmice. Fenale Balb/c mce were

i mmuni sed Wth 25 pg of purified c18/ A2 nononmers in Conplete Freunds i.p.

(prinmary AQeKimpiel &me%&hb&mse&%) thbhﬁadln,%ﬁto@dnémahtbdd Q)fstﬁéf?rég_é'ﬂt)”er pl us

| nconpl ete Freunds (3 10booster doses) g Al drich e) final
boost er dBYRMGR {SHENAD IR EFRARIAL- 5\&“&5%??8’!”??1? atS';‘F"P?ﬂ ‘Fsepﬁ?rélé‘? rBH”%“OBQf/ls bef ore

fusi on WI mbnd\i&hawaﬁmﬁﬁ spetifics for TA1epiidecoMBEQ IEUNIER ideavkdafiomstht evecyt es
prepar I%{[ gen Whom)g('&n ation. Bcells with the desired specificity
wer e rl? (& nB{ﬁ fog] 4} %{Stnﬂcée spl enocytes with biotinylated c18/ A2

nononer s whi ch b| nd to specific B cell receptors found on the surface of

the B 15A(9C%H| %3th%hgggéc?eth@8§kgg§ﬁ |n\]§?1ﬁ5'n \)l e@' Q(t |ert08ﬁu, H&%&g

i mmuno- Magne tec sed to positively
sel ect t h@ntbg@m@r Hragalent tbﬁ’feﬁagﬁchéd @?P‘Mﬁﬁg t\Sal anx mﬁjmgéh@mr%se@m ecti on.
Pre-puri fw,gg,oﬁhe antigen specific B cells prior to nyeloma fusion fromthe
i mmunj zed mce, using a biotinylated formof the nononer |inked to an

i m"runH)rragnetl c bead greatly inproved the percentage of hybridonas that
ZghaveI t hﬂcdbecrmgaﬁ;t y& pAE6thEl sdpeyt, eenprasdd ifventiinamroddat & yrathdostaletepiigaches.
The selecte

were fused b ISA t h NS1
rnyel oma & F‘éarﬁﬁ'f'}?d i Fff?%e\?g%@adb St?ﬂ%“gﬂ g@& ?‘e@l%ganesgﬁv I-I'él‘taecy‘a’l(J I 'ngn%l
Uni ver si t subject, Biewgethod eomﬁhsnr@apore) usi ng standard techni que. The

resul ting hybrjdo el ected
i n HAT nmedi um % Si gﬁ%& &E‘e%%}g%\w? gg\%géﬂl?gmgﬁbfop% ebf g};&m@%ﬁﬂg )?I domas
were Hrreened for t#wesiaféhe @féﬁ%f“VG@@rV\é@ arRgskesample ebpaipgd 'i“P’B\R/‘
cytonetry. Either qggst%zeg@@gétd@,dof SEQ I D NO 3 pul sed or an ML peptide of

SEQ I D NO 17 (G LGFVFTL) pul sed e t he hybridoma
supernatants f®r 309 ‘?W‘ﬁgnﬁta"ﬂ@” 'ﬂ%ﬁ”&lﬁﬂﬁ’ V\F?‘Fk?é\t'b‘?‘fgfc@b'g?&é%'qfﬁdﬁ ti-nmouse
| gG al exaf | uor - 488 sgicondary anti bodies (Invitrogen, USA) for 30 m n at
room tenperature, washed and 30 anal yzed on BD FACSCAN fl ow cyt oneter
using cell quest software. Only one clone (i.e. cl 8/ A2 mAb#449) di spl ayed
t he rZiyui Tee anttwdymayi bind cdpecificailgrip S1BaI§-2A7¢ $1Bei1 83-d81.t @ verdat.,Amutaphoner s and
di d not Sf?é’%h%ﬁ%?éré&'cg% m&%%&&at&% HHV%@QgS@'cL@ Th‘ém.ﬁd.rnbogaﬁrhxg clone

was sub-c twce by Iitmting dilution expand the culture

WO 2011/ obatke pelf mesbe HiR\Oninetad, ths @uw@rmpa'ﬁe%awéa% OB%HBé/dﬂf@ateﬂ $ebul k. The

c18/ A2 mABnd/érome ishsj86 raPes RalapYshivieniBreliH ipafticaidr, live Pfeﬂ{oﬁld%ﬁé\ﬁﬁﬁmse

col um.
vitro method of detection and quantification.

25
According to another aspect, the present invention provides a method of detecting HBV-
linked Hepatocellular Carcinoma (HCC) cell in a subject, the method comprising:
a. contacting at least one antibody or fragmenf thereof according to any |
| aspect of the present invention with at least one sample obtained from at
30 ' least one subject; and

b. detecting binding of the antibody to the HBV-Ilnked HCC infected cell.

The method of detectihg and quantifying according to any aspect of the present
invention may be a non-invasive method of diagnosis and may also be used for studying
35  several immunological aspects of HBV. The method may be used to detect and directly

visualize the presence of phenotypic analysis of antigen (pPMHC) complexes by standard



Specificity of c18/ A2 mAb The specificity of c1l8/ A2 mAb was tested by

I ncubating T2 cells obtained fromATCC with 5 different HLA-A2 restricted
pept i des wenouad2§scom HBV pol ynerase, X and envel ope pr eceiscao@mongd| as
fromEBV, flu (in particular HL N1), CW and a wi de variety of tunour
associ ated antigen epitopes. Sequencg& (1.e. SEQID NGs: 17-29) of the
peptides used are provided in Table 17" T2 cells were incubated with 1 pM
each of the peptides for 1 hr, washed 3 tinmes and stained with 0.5 pg of

cl8/ A2 mAb. After washing 3 tines, the cells were incubated with anti-nouse
| 9G  10A ertriuof A8e rtemeatyAnd(immwnohistpshemistionfort e shelynend aggie¥real and
acqui red gHligén ftdenedrP HSfenninhgtthél%xéi@%l&nGﬁpﬁﬁ@ oPANGs, Necpapbude/ FECL

Flu) A LGVFTL 17 HB - ] - : DGVE
(19 S)SX2 opf's and yMehRid ggNs- T?l(i’s m%%hodomg/LbstaLliCé‘ful? or ( gte'rYnai%ieng tleop’)reszeSn%e %P aanG_Y HL
the reasons behind certain events that occur during antigen. presentation and the

5  expression of T cell epitopes on the APC may be visualized and quantitated.

According to another aspect, the present invention provides at least one method of
treatment of HBV and/or at least one HBV-linked disease, the method comprising
administering to a subject in need thereof at least one ahtibody or a fragment thereof
iaccording to any aspect of the present invention. The antibody of the present invention
10  may be administered in combination with other similar antibodies targeting different HBV
peptides in association with different HLA-types. The tumour cells and viruses may thus

be given no opportunity to adapt to this form of therapy.

According to another aspect, the present invention provides at least one antibody or a

fragment thereof according to any aspect of the present invention for use in medicine.

15  According to yet another aspect, the present invention provides at least one use of the
antibody or a fragment thereof according to any aspect of the present invention for the
preparation of a medicament for treatment of HBV and/or at least one HBV-linked
disease. BV-linked diseases include cirrhosis, HCC and the like. Chronic HBV accounts
for over 75% of all HCC.

20 According to yet another aspect, the present invention provides at least one kit for
diagnosing HBV and/or at least one HBV-linked disease, the kit comprising at least one

antibody or a fragment thereof of the present invention.

According to one aspect, the present invention provides at least one isolated nucleic

acid molecule encoding

25 (a) at least one light chain of the antibody or a fragment thereof according to
any aspect of the present invention wherein the light chain comprises
SEQ ID NO:1, SEQ ID NO:32, a variant, mutant or fragment thereof;

and/or

(b) at least one heavy chain of the antibody or a fragment thereof according
30 according to any aspect of the present invention, wherein the heavy
chain comprises SEQ ID NO:2, SEQ ID NO:33, a variant, mutant or

fragment thereof.



20 HBV poi,

157-165 SLLMN TQA 23 HBV env, 183-191 FLLTRILTI 24 HBV env, 348-357
GLSPTWVWLSV02b11Fise39 ( HCW) NLVPWATV 26 FEC11 (EBV) GLCPCYAEL010/000440
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According to another aspect, the present invention provides ‘a method of determining the

efficacy of a vaccine in a subject, the method comprising:

- contacting at least one antibody or fragment thereof according to any
aspect of the present invention with at least one sample obtained from
the subject between 5 and 15 days foliowing administration of the

vaccine; and

- detecting binding of the antibody or fragment thereof to a HBV infected

cell; and

- comparing the number of HBV infected cells before and after
administration of the vaccine, wherein a decrease in the number of HBV

infected cells indicates an efficacious vaccine.

The determining of the presence of HBV antigens in HCC cells may be used to test
antigen processing of vaccines or defects of antigen processing in different individuals.

The TCR-like antibodies according to any aspect of the present invention may also be
utilized for vaccine validation, as a useful tool to determine whether desired HBV-T cell
epitopes are displayed on cells and as research reagents to understand the fate of
antigen processing and presentation in vivo and in vitro, and these processes could be
evaluated between solid tumour cells, metastatic tumour cells, cells exposed to chemo-

agents, tumour cells after exposure to a vaccine, and the like.

According to another aspect, the present invention provides a method for determining
the accuracy of antigen processing and presentation in a cell, the method comprising
the step of contacting at least one antibody or fragment thereof according to any aspect

of the present invention with the cell.

According to another aspect, the present invention provides an expression vector
comprising the nucleic acid of the present invention and a host cell comprising the
expression vector. 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 particulér, retroviral vectors may be used for

delivery of the constructs either in vitro, ex vivo or in vivo.

The TCR-like antibodies according to any aspect of the present invention may be used

as therapeutic agents, either as an antibody or bispecific molecule/ bispecific antibiody,

455- 463 GLSRYVARL 21 Mage3, 271-279 FLWGPRALV 22 NY- ESO- 1,



27 FEC10 (EBV) CLGGALLTMWV 28 FEC2 (Flu) FMYSDFHFI 29 Table 1. Peptides used
for specificity testing of HBcl8/ A2 mAb as shown in Figure 1A As shown in

t he Fi gurwokM1/wi®LA2 mAb reacted specifically with cl892T/spabmedoael | s and
did not stain any cells which were pulsed with any ot her peptides.
Simlarly, c18/ A2 15 mAb did not recogpi ze any peptide alone or HLA- A2

al one as pre-incubation of the antibo with any peptide did not result in
the decreased staining of cells pulsed with c18-27 peptide. To determne if
cl 8/ A2 mAb retains its binding capacity even in the presence of patient's
sera conpdriedit e used as vehiclegrien Hen Yansped fafransrertiaxlopisedlitrie BuRSENCH th 100

pl of serg t@fodicells aHididrelrameblBelars. patients (kindly provided by Dr. Lim
Seng Gee, National University Hospital, Singapore) separately and with the

sera of healthy individuals (AB serum fromlnvitrogen). This pre-incubated
c18/ A2 rhoéECR—hﬁé Hhtﬁb’oﬂiemcmelad 16 anys igpeat oftfie (pité%eﬁt?nnmmﬁblh deypidsid T2

cells str [.es that re-inc fi.Q h HBeAg+
sera r?ad %8d??lr ‘ia{ﬁ"logﬂ','cgf 'r(',gc Ry (ga? E¢ dB’ '(JJrllJg s a%B% 'ié)/ Ag%ronp cﬁé’ﬁes by cl
8/ A2 mAb. antiakeatmentg acdredingly, Hhseermesatctr@gemeardfyngjeﬁfsrsstortae edreehing opept i de

specific %gem% € CIFk %nﬁtfbtd‘egqghgﬁ'ne(\khe?her \/86 iddPREeMXGbPHLR] as good
PO,

specificity as eceptor and the c bi ndi ng capacity was
not pert ugidssd "Wequéﬁge d!séﬁssthqmﬁh%ywiﬁce@iHQPAz mAb To find out the mininal
pepti de concentration required to achieve significant staining

10 ‘Havmg now generally described the mventlon the same will be more readily understood

through reference to the following examples which are provided by way of illustration,

and are not intended to be limiting of the present invention.

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

standard biotechnology and molecular biology text books.
EXAMPLES

Standard molecular biology techniques known in the art and not specifically described
were generally followed as described in Sambrook and Russel, Molecular Clonlng A
20 Laboratory Manual, Cold Springs Harbor Laboratory, New York (2001).

EXAMPLE 1

Preparation of antigen/monomer

The HBV antigen targeted was HBc18-27 of FLPSDFFPSV (SEQ ID NO:3). The

monomer prepared was an FPLC purified recombinant, membrane free, fully folded,
25  heterotrimeric complex of at least one HLA - A201 heavy and light chain plus an

antigenic peptide of SEQ ID NO:3.

Human Major Histocompatibility Complex (MHC) Class-I HLA - A201 heavy chains (HC)
and light chains (LC) (B2 Microglobulin) were expreSsed as recombinant proteins in
BL21 E.coli (Novagen, Germany). The heavy and light chains were isolated as inclusion

30 bodies and dissolved in 8M urea.



with cl18/ A2 mAb, T2 cells were incubated for 1 hr with various
concentrations of cl18-27 'peptide of SEQ ID NO 3 and subsequently stained
Wi th cl18/wd 20Ame23%2 shown in Figure 10 2A, as | ow as 1prpschotleosad8- 27
pepti de was sufficient to achieve the significant staining. Cells were
acquired on a FACS Canto fl ow cytorrevf‘{ and the | evel of fluorescent
intensity of cells analyzed with Flow Jo software. In order to investigate
whet her the c18/ A2 mAb coul d detect c¢c18/ A2 conplexes with the 15 sane
sensitivity as the TCR of T cells specific for c18/ A2 conpl exes, T2 and

HepG2 cel The eiganiaeaptidecth SEROED WE:2 fomciBeIBeR! of HBY Wa RiLS IRt at | ons

of 18- 27eRfdadivih theHLA Hiavi2BRU W RRSINS (ol AR nidndimBRdinWittd) ARbR! A2 MAD
fol | oned by i ncubation with anti-npuse I%G Al exaf | uorgégS ant i bodi es

(1 nvi t r ogfhangsgfiromatograaly wes yeehiPuhiehe snonsmers: & BAGJORRISR MekCs Cant o
Fl ow cyt afed eftramefisddype val ues were subtracted to 20 achieve specific nean
fluorescent intensity. As shown in Figure 2B, the mniml cl18-27 peptide
concentr ired for EBV-B cells and Hep&

cel | s% rgté%)'s'e)eg%'% ?fla,ﬂ#\@f'y}'ﬂz +%ka\§§h§ b&?glynl ng with cl 8/ A2 mAb. These

resul ts wBreeci§iAR rlnamomeus toh@ecsmc@wﬁ aereovsedtdsa savmesgeeofantignn tedtimglatse
required & @inaff Fe\éﬂérfse% uENhMuREéHj BsubrLc;) Micel FemBle"BAYAR) MidERRIe Hhmbdisé A2

speC|f|c tOtOXIC shown in Figure 25 2C taken from
Gheri ng eW ha25 g @b puri e° mormﬁrm Opmget%ﬁéﬁwdﬁdpréew@?ws@%m

g\ ]g)][rpl exes( S\]!ﬂnﬁé;g?ggﬁ USAY) 'tﬁéntdb]g]?tleHWItﬁl’(héf ﬁﬁéﬁ%bn&ﬁer@ﬂus&hé&ﬁnrﬂ&@ﬁét}ngs @rL.
inity of ¢ [ s.determn usi ng

Bl Acofe” SRAMSIEE 495 gﬁ‘%ﬁ'&n ngﬁ ﬁﬁ%oﬂite%s%‘%'tr\o%ﬁﬂiuﬁ'ﬁe‘ﬁa n a CVb
chip usi rngar&haetﬁbyﬁnl mijactien 8 dayd befigre fiBbnwithdeStumegeloa celdP- 1 ant i body (Ki ndly
provi ded by Dr Paul MacAry at the National University of Singapore) was

used as_arORlE Yere ditfafitid dddghidhbBneopLIBHRY ]éﬁtﬁaﬁdﬁ%}%ﬂfé | ¥ ol ected in

di fferent concen lons at a flowTrate own in Figure 3,

t he resulvih tt‘@rﬂ%'f&ﬁeipepﬁgty wers /padfieapy 'nﬁthat"r‘ﬂ)thetqﬁ’@"%ﬁeslwﬁhb@ﬂfb’éﬁ}ed bound to
the c18/ A g RbREmerBiwkibntind @ $pbBifid\B daNReRpford foaﬁld ¥h tHe Qitac@Bethefld - r at es

of 1.1X105 35M1.S-1 and 2.5X10-3M 1,51 respect]vel resulting in the
o118y QalDpPesHe Je 16S POy ABRDGHIBION SPoreH A Tausiiasnele PeptRed by
intr agel I Q.Mﬂ@é’nypBllG@eS&h@g)ogé) v@saﬂbdﬂ&)hﬁd%&lvablsélbttyh@bom\ﬂ BLAR onmNiagnetic ecogn: Ize
pepti de conpl exes produce e re cells
Db, MaTSE e BT NN soleaBitrt Blghnd e MBES SRR » BEVLERT © O
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Research I'nstitute at “express 't nmer as wer e used

Si gni49 cahﬂveéh%?wqusr&ﬁtﬁ@é’ qEB‘PquﬂdP s@@mrd@vbrrd@maﬂp@r%msf ol s coul d be seen
with EBVB-core cells as shown in Figure 4A. HLA-A2 positive Hep&-117 cells
(ki Bldl y pTIﬁé’%éi&:tédéB MblNaﬁ&alfusédgﬁév\mcsiaom (sa‘gniarﬂaadmw gSAlQmGNSIT&ﬁBéh)orﬁdIatS / \i\ér e
sta ytr sece n det ect..the ¢

conpl exes® ﬁ @B‘%IY?C’[VH’%B By r(‘f?éé?fﬂ%? gerliﬁg E@E eésétP’I its BP€ed HBV
upon r enoSiagammire) Dns(mg:gtanhdan@te‘chmqmd Heemedmtngenybr’ﬂoemtqwmlxtorfe ste&eed@:él s with

1% DVBO a.ﬂ%ngmfé‘xhéég@elﬁf %ﬁ % HACHERERTs @Ald d U%fo?@%&% Ay

respecti vel cells were fbafe }3/ A2 mAb
for 12%r, 15;0é)slm@ddqn@is fvgret pereenes fpn@%@&l@zﬁowon‘ ldegiradi mAb Lppeci I@@WP@W

ant i bodi egyidrhay. Te&ﬂ&eae zl#%)pna@sf §@qum06fﬂlﬁ%d"@%h'mg péptide B SEG Ite cell's
wer e acqw red on toneter and | uorescent intensi t'%% anal yzed

with a FIYR1Td @MBU'S%C%GW? Werfemcgmt%d wgh the; RyRridorpapregiala®t ng wi t h
c18/ Aﬁ gﬁigr \agr&nigmw%gd/amddﬁaﬁdeﬂmerlﬂazuméd ﬁ/lth Aintikriddsd I?ﬁl-g!ebﬂﬂbbr-@% n\?\)h y )
provi ae alul. CAry at t | ni versit [0) I N | C
e aed Sebontark anthriies: tnkitiRont sAEior 30 o o it Sbrinferilus WBSARE hY

t oget3ter ariedyzed roasBD FACGSGAN Adve citoaieter using CeH Iqulest srpﬁwaieADnmﬁmev\dsna:apabl e

of Jdetect i9d¢ f@&f'ni;}b%ﬁéméﬁm $8fga%gafra gnﬁlghlcylgrfg%ﬂ%tﬁétrgétﬁétéa t&ccurr' ng

endogenou acel I'ul ar’ processi ng tec I"on of exes
| munocyt ©@shingperpers and did not show reactivity with M1 peptide pulsed cells. ThIS posmve

clone was sub-cloned twice by limiting dilution, stably expanded and the culture



Anot her maj or potential application of TCR-Iike antibody is the direct in
situ visualization 25 of |igand containing cells wthin undisturbed tissues
usi ng i nmmoaoyiveessen cal net hods. I n order to detern nepeohsichen/obégo c18/ A2
mAb coul d be used for such studies, its ability to detect c18/ A2 conpl exes
on virus-produci ng Hep& cel |l's (Hep 17) (kindly provide by M Nassal,

Uni versity of Freiburg, Gernmany) was ested HBV expressing Hep& cells
(Hep&Z-117) were fixed in 1% paraf or mal dehyde perneablized 30 with 0.5%
saponin for 15 mn at roomtenperature, washed and incubated with c18/ A2
mAb, or asupsiaiasts wre- doligeted o Aylk( Kheh@18/AR meAl fe® thgseppumeshatant:wars) at t he
Nat i onal bhHE¥@by PlteiR G AddreiaR8Iufn. This was washed and a Tyrani de Signal
Amplification kit (lnvitrogen, USA) was used to detect the binding. Nuclei
were staiped with AP shown in Figure 5, positive staining could be
obser ved ﬁ?‘?"l‘lﬁ“dtf@fﬁﬂsﬁaﬂﬁghd the staining 35was negative with isotype
control oThemspetificie of o18/ADImALVRed tesiéd lbsadtycuba'ﬂn@ﬁéz rcelisl bbtaine@ Srotre AD GBSt witht ed

corl s X naTon e EPae S PPl AP o e Bofag? X BEo RARR, SRl &7 o
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5 contrlb tes to ersi stence een .report bstitutions in the

CTL epi t offlis wereinpehated, withy | eiVaeash ol the pERYHes @aai@ wanhed éritmeél angetginadswith n

activati o5 f &T&%/Azsmgeﬁﬁér%shmats fihés, eﬁ@ea%nﬁaeqﬁcuaat@utvmhl &Hbi-rhéuskngc-
epi tope coul'd allow virus escape. Natural am no acid substitutions wthin

the c e MgrafdyaréBeantipegy (ﬂ’]’{é'iogﬁ'érpsﬁ)ﬁ%f&o '@TLW?%‘ﬁe?P%ﬁcqﬂ%{?‘éOBéé'HWrcéﬁBB'}efeéd
In order to verify ipefdd/ A2 MAD CRBL&cdJNI Z€ [Rad W1y 10 occurring
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from ATCC were pul s¢ d\ﬂ\f‘&’ﬁeFit"liu‘%éf%1 ﬁ)bf %L : pe CJ§?27 of SEQ ID NO 3 or

natural Iy occurring T cpu des armeg_ywtirTig§/ A2 mAb and fl ow
cytonmetry was carri ¢ Hwﬂfééed{ St F&}EGL?’&H*: ant °¥: s—provided in Table 2. As
shown in Figure 6, Mﬁpﬁﬂ)ﬁ%ﬁm¥nul1GVGpMEW17P 4d¥%eral ndtural nutant
peptides that were $EB&¥M1t4® i nhi bi KASEKIFR¢t i vatlizdn. 15 However, the
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ID NO Amino acid s =Hﬁ\2‘1"{‘(“(38%1|91 var i RS Ri n 424 c1 8/ Al mAb Li ght Chain

DI QuIr @PASLSTSVGETV’I’HBWS@WSHNYLA BHBDIRAEKSPOL I2ZVYNAKTL ADGVPSRFSGSG
SGTQFSLKI NSLQPEDFGSY ¥E&BIOEVPFTFG BRilMRMEEAT 1 26

FEC11 (EBV) GLCTLVAML - | 27
FEC10 (EBV) CLGGLLTMV- - | 28
FEC2 (Flu) - FMYSDFHF! |29

Table 1. Peptides used for specificity testing of HBc18/A2 mAb as shown in Figure 1A

As shown in the Figure 1A, c18/A2 mAb reacted specifically with ¢c18-27 pulsed cells
and did not stain any cells which were pulsed with any other peptides. Similarly, c18/A2

15  mAb did not recognize any peptide alone or HLA-A2 alone as pre-incubation of the
antibody with any peptide did not result in the decreased staining of cells pulsed with
c18-27 peptide.

To determine if c18/A2 mADb retains its binding capacity even in the presence of patient;s :

sera components and viral antigens, c18/A2 mAb 'wavs pre-incubated with 100 pl of sera
20 of 3 different HBeAg+ patients (kindly provided by Dr. Lim Seng Gee, National

University Hospital, Singapore) separately and with the sera of healthy individuals (AB

serum, from Invitrogen). This pre-incubated c18/A2 mAb-sera mixture was used to stain



Am no aci d sequence of variable domain of cl18/ A2 mAb Heavy Chain

QVQL QRSGPELVKPGASVKI SCKASGHTFTSYD | NVWKQRPGQGLEW GW YPGDGSTKYNEKFK

GKATL TADKS8S0 AiwkdsSSL TSENSAVYFCAR RDYGYSYAMDYWGQGT SVTVS8c2/sidBeib@o®ido pept i de
(HBV genotype A/DYE/F) (WI Cl18-27) FLPSDFFPSV 3 HBc18-27 peptide (HBV
genotype B/ C)(271) FLPSDFFPSI 4 A21 FLPADFFPSV 5 Y23 FLPSDYFPSV Y24
FLPSDFYPSV 7 WD 2011/ 062562PCT/ S&010/ 000440

c18-27 peptide pulsed T2 cells. Figure 1B demonstrates that pre-incubation of c18/A2

mADb with HBeAg+ sera had no inhibitory effect on the recognition of c18/A2 complexes

by c18/A2 mAb. Taken together, these results clearly demonstrated that peptide specific

and MHC-restricted antibodies (i.e. c18/A2 mAb) exhibited as good specificity as aT
5 Cell Receptor and the ¢18/A2 mAb binding capacity waé not perturbed by HBeAg. '

Sensitivity of c18/A2 mAb _ _
To find out the minimal péptide concentration required to achieve significant staining
with c18/A2 mAb, T2 cells were incubated for 1 hr w'ith'vaﬁous concentrations of c18-27
‘peptide of SEQ ID NO:3 and subsequently stained with c18/A2 mAb. As shown in Figure
10 2A, as low as 1 pM of the ¢c18-27 peptide was sufficient to achieve the significant
staining. Cells were acquired on a FACS Canto flow cytometer.and the level of

fluorescent intensity of cells analyzed with Flow Jo software.

In order to investigate whether the c18/A2 mAb could detect c18/A2 complexes with the

15  same sensitivity as the TCR of T cells specific for c18/A2 complexes, T2 and HepG2
cells obtained from ATCC were incubated with various concentrations of c18-27 peptide
for 1 hr and washed. Cells were stained with c18/A2 mAb followed by incubation with
anti-mouse 1gG-Alexafluor488 antibodies (lnvitrogen, USA). A total of 10,000 events
were recorded using FACS Canto Flow cytometer. Isotype values were subtracted to

20  achieve specific mean fluorescent intensity. As shown in Figure 2B, the minimal c18-27
peptide concentrations of 1 pM and 1 nM were required for EBV-B cells and HepG2
cells, respectively, for significant staining with c18/A2 mAb. These results were similar to
the concentrations that were reported to be required tb activate (IFN-y "productibh)i the
minimum number of c18/A2 specific Cytotoxic T lymphocyte (CTL) as shown in Figure

25 2C taken from Ghering et al., 2007. The c18/A2 mAb was thus shown to recognise
pMHC complexes with a sensitivity similar to that of c18/A2 specific CTL.

Affinity of c18/A2 mAb
The affinity of c18/A2 mAb was determined using BlAcore surface plasmon resonance.
The c18/A2 mAb was immobilized on a CM5 chip using standard amine coupling
30 procedure. An LMP-1 antibody (Kindly provided by Dr Paul MacAry at the National
University of Singapore) was used as a control. The purified c18/A2 monomer was
subsequently injected in différent concentrations at a flow rate of 20 pl/min. As shown in
Figure 3, the results confirmed that c18/A2 mAb, but not the LMP-1 antibody, bound to
the c18/A2 monomer. Binding to c18/A2 mAb occurred with on- and off-rates of 1.1X10°
35 M'.S" and 2.5X10°M".S™ respectively, resulting in the affinity (Ko) of 22.6 nM.



29 Asn21- A27 FLPNDFFPSA 8 Asn21 FLPNDFFPSV 9 A27 FLPSDFFPSA 10 P21
FLPPDFFPSV 11 24L FLPSDFLPSV 12 26G FLPSDFFPGV 13 A21-127 FLPADFFPSI
WO 2011/062562 PCT/SG2010/000440
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Recognition of c18/A2 complexes formed by intracellular processing

To examine the ability of c18/A2 mAb to recognize peptide-MHC complexes produced

by physiological processing, EBVB-core cells (A202) (kindly provided by F. Chisari, of

The Scripps Research Institute) that constitutively express the transfected core proteih
5 ‘of HBV were used. As a control EBVB-pol cells (kindly brovided by F. Chisari, of The
| Scripps Research Institute) that express the polymerase of HBV were used. Significant

staining above EBVB-pol cell or isotype controls could be seen with EBVB-core Cel.ls as

shown in Figure 4A.

'HLA-A2 positive HepG2-117 cells (kindly provide by M.Nassal, University of Freiburg,

10  Germany) that were stably‘ transfected with whole HBV genome were used to detect the
' ¢18/A2 complexes on cells that produced HBV. These HepG2-117 cells produced HBV
upon removal of Doxocycline from the culture. Treatment of these cells with 1% DMSO

and 100 units/ml IFN-y increased viral and MHC production, respectively. The HepG2-

117 cells were incubated with 1 pug of c18/A2 mAb for 1 hr, washed and further

15  incubated with anti-mouse IgG-APC antibodies (Invitrogen, USA) for 30 min. After
washing 3 times, the cells were acquired on flow cytometer and level of fluorescent
intensity analyzed with a Flow-Jo® software. As shown in Figure 4B, significant staining

with c18/A2 mAb was observed with HepG2-117 cells. An LMP-1 antibody (Kindly
provided by Dr Paul MacAry at the National University of Singapore) which was used as

20  a control did not stain these HepG2-117 cells. Taken together these results indicate that
the TCR-like c18/A2 mAb was capable of detecting _speciﬂc complexes formed after

active and naturally occurring endogenous intracellular processing.

Detection of c18/A2 complexes by Immunocytochemlstry
Another major potential application of TCR-like antlbody is the direct in s:tu wsuallzatlon
25 of ligand containing cells within undisturbed tissues using immunocytochemical
methods. In order to determine whether the c18/A2 mAb could be used for such studies,
its ability to detect c18/A2 complexes on virus-producing HepG2 cells (HepG2-117)
(kindly provide by M.Nassal, University of Freiburg, Germany) was tested. HBV
expressing HepG2 celis (HepG2-117) were fixed in 1% paraformaldehyde permeablized
30  with 0.5% saponin for 15 min at room temperature, washed and incubated with c18/A2
mAb, or a control LMP-1 antibody (Kindly provided by Dr Paul MacAry at the National
University of Singapore). This was washed and a Tyramide Signal Amplification kit
(Invitrogen, USA) was used to detect the binding. Nuclei were stained with DAPI. As
shown in Figure 5, positive staining could be observed with c18/A2 mAb and the staining

35 was negative with isotype control or with the control LMP-1 antibody. These results



14 E22 FLPSEFFPSV 15 22,691 FLPSDTNMGL 16 Table 2. Ami no acid Sequences
of ¢c18-27mAb |ight and heavy chain and naturally occurring HBcl1l8-27 epitope
mut ant pewbdi2deRe29¥ame Sequence SEQ | D NO. Nucl eoti de sequenceowfoosasi abl e
domain of cl 8/ A2 mAb Light Chain

gacat ccagat gact cagt ct ccagcct ccct at ct %?tctgtggg

agaaact gt caccat cacat gt cgagcaagt gggaatat t cacaat

tatttagcat ggt at cagcagaaacagggaaaat ct cct cagct cct

ggt ct at aat gcaaaaacct t agcagat ggt gt gccat caaggt t ca
gt ggcagt gdemensygitedchetaalBiAd 5‘3\% gig@ﬁ usett igvisyalize the c18/A2 complexes on

gcagcct gaggRiddidetigdaohéripraeh@t 6aasRtkd fntrbodmi PFHcessmg of the core antigen.
ccatt cacgtt cggct cggggacaaagt t ggaaat aaaa 30 Nucl eoti de sequence of varlable

Conat t caybbiinref Stk mAR I racalina mutant 1827, gentides

gcttcagt gaa@rsgt aBtcingetiag et eat@gghanoheicdlt maatérg within CTL epitopes, WhICh

ct acgat at oF:) t
agt ggat t gga uge?sgl% l[rg}g)f%ggagagg%gg)gg %%gg(%% a%:bstttutlons in the CTL epitopes are

gagaaat t camgdaammuhwasgmma@laiecwse in activation of CTLs, suggesting

cagcacagcihpfha LARARNES B80S AUEELIRG & ?9 2844 Slow virus escape.
gcagt ct atttct gt gcaagaagggact acggct act ct t at gctatg

gactactgg%gtcaaggaacctcagtcaccgtctcctca
atural amino acid substitutions within .the core molecuie of HBV that can affect CTL

function have been reported. In order to verify if c18/A2 mAb can recognize naturally
10  occurring mutant peptides that are able to inhibit CTL recognition, T2 celis obtained from
ATCC were pulsed with 1 uM of wild-type c18-27 of SEQ ID NO:3 or naturally occurring
mutant peptides and stained with c18/A2 mAb and flow cytometry was carried out. A list
of the mutants is provided in Table 2. As shown in Figure 6, c18/A2 mAb could
recognize several natural mutant peptides that were shown to inhibit CTL activation.
15  However, the recognition capacity of mAb was significantly decreased when cells were
incubated with E22 and P21 mutant peptides. These results demonstrate that c18/A2
mAb can recognize several naturally occurring mutant peptides that were failed to be

recognized by the c18/A2-specific CTLs.

Name Sequence SEQ ID NO:

Amino acid sequence of DIQMTQSPASLSTSVGETVTITCRASGNIHNYLA | 1

variable domain of WYQQKQGKSPQLLVYNAKTLADGVPSRFSGSG

c18/A2 mAb Light Chain | SGTQFSLKINSLQPEDFGSYYCQHFWSTPFTFG
SGTKLEIK

Amino acid sequence of QVQLQQSGPELVKPGASVKISCKASG HTFTSYD | 2

variable domain of INWVKQRPGQGLEWIGWIYPGDGSTKYNEKFK

c18/A2 mAb Heavy Chain | GKATLTADKSSSTAYMQLSSLTSENSAVYFCAR
RDYGYSYAMDYWGQGTSVTVSS

HBc18-27 peptide (HBV FLPSDFFPSV 3

genotype A/D/E/F) (WT

C18-27)

HBc18-27 peptide (HBV FLPSDFFPSI 4

genotype B/C)(271)

A21 FLPADFFPSV 5

Y23 FLPSDYFPSV 6

Y24 FLPSDFYPSV 7
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Production of petide-HLA-A2 complexes

Biﬁ¥kgﬁefytonetry. Three hybridomas produced antibodi es 35(defi ned
i“ch recogni zed T2 cells pulsed with HBVc18-27 peptide but

Extracellular domain of heavy chain and the R2m were expressed as inclusion bodies in E .coli

and refolded in vitro in the presence of 5-10 fold excess of c18-27 or env183-91 peptide. Afte:r

refolding, the peptide-HLA-AZ' mixture was concentrated and properly folded complex was

isolated from contaminants on |on-exchange and size exclusion column chromatography

methods. This compiex w

as designated as monomer.



peptide (Figure 7B). Simlarly, two hybridomas derived fromm ce inmuni zed
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ant i bodi eso(defisessd as E183/ A2) that recogni zed only HBYemsG83toddospel sed T2
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generation of E183/A2 antibody.

20  Selection of TCR-like antibodies
Antibodies able to recognize the HBV peptides/A201 complexes were produced by
immunization of BALB/c mice with purified complex formed by HBV c18-27 or env183-191
peptide associéted with the HLA-A0201 and BZ-miCrogIobulin (Figure 7A). The correct folding of
the pMHC and its stability was monitored with the conformation-specific HLA-A2 mADb, w6/32
25  which recognizes the HLA-A2 complex only when fold_ed correctly. A singie band'Wés Visible oh
the western blot with w6/32 antibodies, confirming the formation of properly folded rﬁohomer
(data not shown). Splenocytes from immunized animalé were fused with NS1 myeloma cells |n
1:1 ratio and supernatants of the resulting hybridomas (~ 2000) were screened using‘ HLA-
A201+ T2 cells pulsed with an irrelevant HLA-A201-binding M1 peptide (Inﬂuénza A Matrix
30 peptide 58-66, GILGFVFTL) or with the HBV core 18-27 peptide (FLPSDFFPSV) or with thé
HBVe183-91 peptide (FLLTRILTI, SEQ ID NO:34). The schematic representation of the
selection process is shown in Figure 7A. The binding of the antibody present in the supematani
to the peptide pulsed cells was detected using a secondary APC-conjugated goat anti-mouse |G
antibody and the cells were analyzed by flow-cytometry. Three hybridomas produced antibodies
35 (defined as c1 8/A2 Ab) which recognized T2 cells pulsed with HBVc18-27 peptide but not M1
peptide (Figure 7B). Similarly, two hybridomas derived from mice immunized with HBVenv183-



24 HBc19-271 LPSDFFPSI 34 HBe348-57 GLSPTVWLSV25 HBpol 455-63 GLSRYVARL 21
Flu ML-58-66 G LGFVFTL 17 Flu PA46-54 FMYSDFHFI 29 WO
2011/ 062560R0TI/(6e25010/ 000440 32 EBVLMP2CLGGLLTMV 426- 34 PCT/SG2010/000440
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91/ A2 complex produced antibodies (defined as E183/A2) that recognized only HBVenv1 83-91 _
pulsed T2 cells (not shown). These B cell hybridoma clones were stably expanded and the
culture supernatants from one clone specific for each HBV peptide were collected in bulk, and
antibodies were purified by Protein G Agarose column (data not shown). Thus .repetitive

5  immunization of mice with HBV peptide-MHC comple'xesA was able to produce antibodieé with 3
TCR- like specificity. '

Cell lines
T2 cells were cultured in RPMI 1640 supplemented with 10% Fetal Bovine Serum, 20 mM
10 HEPES, 0.5 mM sodium pyruvate, ME‘M and MEM non essential amino acids, Glutamex, 5
ug/ml Plasmocin (InvivoGen), 100 U/ml penicillin and 100 pg/ml streptomycin. HBV expressing
HepG2 (HepG2-117) and vector control parent cell line (HepG2 TA2-7) cells were cultured in
the Dulbecco’s modified Eagle’s medium (DMEM) supplemented with 10% tetracycline-free FBS
(BD Biosciences, San Diego, CA), 20 mM HEPES, 0.5 mM sodium pyruvate, 100 U/ml penicillin,
15 100 ug/ml streptomycin, MeM nonessential amino acids (Invitrogen Ltd., Paisley, United
Kingdom), 200 pug/ml G418 sulfate, 80 pg/ml Hygfomycin B (AutogenBioclear, Wiltshire, United
Kingdom). Doxocycline was added to medium at 1 pg/ml to suppress the HBV expression.
HEK293 cells and NS1 myeloma cells were grown in DMEM supplemented with 10% FBS.

20  Characterization of TCR-like antibodies
Although the initial hybridoma screening already showed the specificity of TCR-like antibodies to .
their cognate ligands, a series of assays were performed to exclude cross-reactivity with other
HLA-A201/peptide complexes. T2 cells were incubated with a variety of HLA-A201 binding
peptides derived from HBV polymerase, X and envelope proteins as well as peptides derived ) |
25  from EBV, fiu, CMV and a wide variety of tumour associated antigen epitopes as mentiohed in ‘f _
Materials and Methods (Table. 4). Figure 8A showed that both ¢c18/A2 and E183/A2 TCR- I|ke,

mADb reacted specifically only with target cells pulsed wnth the respectlve peptlde

Peptide Sequence SEQ ID NO:

HBc18-27 FLPSDFFPSV [3
HBe183-91 FLLTRILTI 24
HBc19-27I LPSDFFPSI [34
HBe348-57 GLSPTVWLSV|25
HBpol455-63 |GLSRYVARL |21

Flu M1-58-66 [GILGFVFTL [17.
Fiu PA46-54 [FMYSDFHF! [29




28 EBVBMLFGLCTLVAML 259-67 27 HBX52-60 HLSLRGLPV 18 Mage 254-62 GLYDGVEHL
19 Mage3-271-79 FLWGPRALV 22 SSX 2 (41-49) KASEKI FYV 20 NY-ESO- 1 (157-65)
SLLMN TQAVO 2011/062562 PCT/SG2010/000440
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EBV  LMP2ICLGGLLTMV [28
426-34
EBV BMLFGLCTLVAML [27
259-67
HBX52-60 HLSLRGLPV [18

Mage 254-62 |GLYDGMEHL |19
Mage3-271-79 [FLWGPRALV |22

ISSX 2 (41-49) |KASEKIFYV 20

NY-ESO-1 SLLMWITQA [23
(157-65) ' _
Table 4. Peptides used in characterisation of TCR-like antibodies

Since patients with chronic hepatitis B present high levels of circulating soluble HBsAg and
HBeAg, we also investigated whether HBV circulating antigens might interfere with the.
5  recognition of pMHC complexes. This was tested by incubating HBeAg or HBsAg positive sera
collected from HBV chronic patients and culture supernatant from HBV producing HepG2-117
with TCR-like antibodies for 1 hr. The resulting mixture was used to stain cells expressing-
respective pMHC complexes. Figure 8B showed that the binding capacity of the TCR-like
) antibodies was not altered by the HBV circulating antigens or other sera components.
10
The pre-incubation of the two TCR-like mAbs with their cognate peptides alone (c18-27 and
e183-91 peptides- 1uM) did not result in the decreased staining of the specific target (not

shown).

15  To define the concentrations required for optimal staining both ¢c18/A2 and e183/A2 Abs were
titrated over a range of 1 ig to 0.001 pg /ml concentrations and then used to stain T2 cell$ ‘
pulsed with 1 uM of HBV core 18-27 or HBV env 183-91 peptides (Figure 8C) .The speciﬂc MFI
values of the antibodies staining was obtained by subiracting the mean ﬂuoresbéht VaIQes o‘fj
non peptide pulsed T2 cells (control) from the MFI obtained in peptide-pulsed T2. The staihing'

20 reactions saturates at 0.5 pg/ml with c18/A2 Ab and at 0.06 pg/ml with e183/A2 Ab. Both
antibodies shows the ability to distinguish peptide pulsed from non-peptide pulsed cells af
working concentrations of 0.004-00'02 ug /ml even though the level of staining was low (MFI= ~
200 c18/A2 Ab; MFI= ~300 with e183/A2 Ab). The MFI values obtained with e183/A2 Ab weré,
higher than the one obtained with c18/A2 Ab over the whole range of concentrations tested,_

25  suggesting than e183/A2 Ab has a better affinity to its specific pMHC complex than the c18/A2

' Ab. Since saturated staining was obtained for both antibodies at 0.5 pg/ml this concentration

was used in the following experiments unless differently indicated.
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25 HBV-viral peptide/A2 complex and their receptors. Similar analysis wés performed for targét _
recognition e183/A2-specific antibody and CD8 T cells. E183/A2 specific CD8 T céll :cloneé were
produced and tested in parallel with the E183/A2 specific mAb against farget cells pulsed ‘with
single AA substituted env 183-91 peptides. Amino acid substitutions at position 187‘and_189
were not tolerated by e183/A2 Ab_ (Figure 8C), whereas 186 and 188 were required for TCR

30 binding (Figure 9), indicating the different way of recognition by antibody and CD8+T ceII
specific for E183/A2.

Whether natural AA substitutiohs present in distinct HBV viral isolates can inhibit TCR-like mAb
recognition was tested. These natural AA substitutions within the core 18-27 epitope has been
35  shown to alter the core 18-27 specific CD8 T cell response. Figure 8A showed that the c18/A2

mAb can tolerate, with the exception of V-21 substitution, several mutations including M-19,
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concentrations used for antibody detection staining and the activation of CD8 T cells was
35  quantify by measuring the expression of CD107 (degranulation) on CD8 T cells. The frequency
of CD8 T cells specifically activated by peptide pulsed T2 cells was superimposed to the data
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30 were obtained by Carl Zeiss LSM 510 META upright confocal microscope.

Ability of TCR-like antibody to recognize HBV infected cells. , ‘

To test if the TCR-like antibodies directly in patient's samples required a robust demonstration

that such antibodies can directly recognize HBV infected hepatocytes. The ability of TCR-like Ab
35 to recognize T2 cells pulsed with peptide concentrations at pM range and with a recognition

level similar to the one of HBV-specific CTL was encouraging but hepatocytes constitutively
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30  Specific staining of HepG2-117 with E183/A2 Ab was observed in comparison with the staining

' detected on HepG2 transfected with empty vector (HepG2 —control). However, In accordancé

with the fact that HBV envelope mRNAs are not fully subjected to Tet regulation, E183/A2 Ab

staining of HepG2-117 treated or not treated with Dox was identical. E183/A2 Ab staining dete¢t

_ two populations of cells likely expressing different quantity of HBsAg. Treatment of HepG2-117
35 cells with DMSO and IFN-gamma dramatically increases the staining level with e183/A2 Ab.
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25  protocol was used to quantify pMHC from HBV producing HepG2 cells that were expressing

pMHC after intracellular, endogenous processing.

Quantlﬁcatlon of pMHC complexes on HBV producmg HepG2-117 cells. .
TCR-like Abs were used to derive a relative quantification of the spemﬂc pMHC complexes
30 displayed on individual infected cells. The number of pMHC complexes expressed in HBV
producing HepG2-117 cells and the HLA-A2 occupancy rate of the envelope and core'peptides
on HBV producing cells were measured. The fluorescent intensity of the different. cell lines
(HepG2 117 —Dox, Hep G2 117+ Dox) stained with TCR-like Abs or anti HLA-A2 Ab was
compared with the fluorescent intensities of calibration beads with know numbers of binding -
35 sites per bead (QuantiBRITE beads method- Figure 13). Table 5 shows that HepG2 -117 celis
containing about 130HBV-DNA copies x cell express respectively 140 c18-27/A2 and 1020



WO 2011/ 062562PCT/ SG2010/ 000440 39 e183-911A2 conpl exes x cell. The
occupancy rate of total HLA-A2 nol ecule was 0.036% and 0. 26% r especti vel y
for c18- 2voaonc/@mmss2183-91 epitopes. Cells HBV-DNA/ cel | pHrAG24@/00@lsd C18/ A2
sites! cell HLA-A2- Qccupancy (% E183/A 2 sites/ cell HLA-A2- Cccupancy
(%9 H&2-enpty vector 0 3.5 x 105 0 O 990 H&117+Dox 3-4

e183-91/A2 complexes x cell. The occupancy rate of total HLA-A2 molecule was 0.036% and |
0.26% respectively for c18-27 and env 183-91 epitopes. ‘

Cells ngI :IZ';:;" (s:i:eazzcell gt‘:ul;gncy g 1s?t3¢alsAl gtﬁuﬁ:hcy
cell (%) cell (%)
HG2-empty vector | 0 3.5x 105 0 0 0
HG2117+Dox 3-4 3.6 x 105 0.002 1024 0.28
HG2117-Dox 134 40x10° 144 1 0.036 1013 1 0.26

5 _:Table 5. Quantization of HBV epitopes/A2 complexes on the surface of hepatocyte-like
‘cells. The fluorescent intensity (MFI_)V of stained cells was compared with MFI of
calibration beads with known numbers of ligands x beads as detailed in the material and

methods. Relative estimation of HBV-DNA/cell is derived from the data of Sun et al.

SEQID
NO:

DIQMTQSPASLSASVGETVTITCRASENIYSYLA | 32
WYHQKQGKSPQLLVYIAKTLAEGVPSRFSGSG
SGTQFSLKIDSLQPEDVGSYYCQHHYGTPYTF
GGGTKLEIKR

Name Sequence

Amino Acid Sequence of
variable domain of
E183/A2 mAb Light chain

Amino Acid Sequence of
variable domain of
E183/A2 mAb Heavy chain

QVQLQQPGAEFVKPGASVRLSCKASGYTFSSY 33
WMHWVKQRPGQGLEWIGEIDPSDSYTNYNQK
FKGKATLTVDKSSSTAYMQFSSLTSEDSAVYY
CATSGYDVGVDYWGQGTTLTVSS

10 Table 6. Amino Acid sequences of HBe1 83-191mAb light and heavy chain.

The high sensitivity of the two TCR-like antibodies'allows ,dir_ect recognition of pMHC complexes
on the surface at infected hepatocytes. Hepatocytes which express very low levels of HLA-cIaSs
| molecules and have poor antigen processing ability can also be recognised as the antibodies
15 of the present invention recognise pMHC ligand not only on HepG2 —HBV producing cells but

also directly ex vivo in biopsies of CHB patients.

A comparative analysis of the number of envelope and core derived pMHC corhplexés bh the
surface of HBV infected cells indicated that the quénfity of envelope-MHC complex ex¢eedéd
20 the quantity of core-MHC complexes in HBV producing HepG2 cells and on hepatocytés of
chronic HBV infected patients. This quantitative difference is likely dependent 6n‘the superior
synthetic production of HBsAg'in comparison to HBcAg/HBeAg. Such results could suggest thét
HBV envelope is a better target than HBV core for HBV-specific CD8 T cell mediated control.
Interestingly, this quantitative hierarchy of TCR-ligands expressed on cell surface collides with

25 the immunodominant hierarchy of HBV-specific CD8 T cell frequency in HBV infected patients.



3.6 x 105 9 0.002 1024 0.28 H&X2117-Dox 134 4.0 x 105 144 0.036 1013 0. 26
5Table 5. Quantization of HBV epitopes/ A2 conpl exes on the surface of

hepat ocytwolzokimeessk| s. The fluorescent intensity (M) etrscainedoael | s was
conpared with MFI of calibration beads with known nunbers of |igands x

beads as detailed in the materi al and46’ret hods. Rel ative estimation of
HBV-DNA/ cell is derived fromthe data’of Sun et al. Nane Sequence SEQ I D

NO. Am no Acid Sequence of variable domain of El 831A2 mAb Light chain
DI QTQSPASL SASVGETVTI TCRASENI YSYLA WY QEKSPQLLVYI AKTLAEGVPSRFSGSG :
SGTQFSLKI PssiritpieingpreretHReosbefTihe SbAT7EUR kreute HBV patients, E183/A2 specific CD8 T

cells are often detected at frequency lower than c18/A2 specific CD8 T cells. The discrepancy of
such results is an indication of the potential of the TCR-like antibodies for in depth studies of

HBV pathogenesis.

By performing experiments of pMHC detection with immunohistochemical staining on fixed
biopsies and HepG2 117, we noted that the sensitivity of detection of the TCR-like antibodies |s

decreased on fixed cells.

10 ‘The possibility to analyze TCR-ligand containing cells within undisturbed tissues rhight allow, for
example, to quantify and localize the HBV infected hepatocytes, to study their co-expression of
inhibitory molecules (i.e. PD-1L) in different phases of chronic HBV infection and to detect

possible co-localization with CD8 T cells or NK celis.

15  The two TCR-like antibodies show a different degree of degeneracy Qf recognition of natural
mutants within the two epitopes. The e 183/91 Ab seems exclusively specific for the env 183-91
sequence characteristic of HBV Gen A, C, D, while the single AA substitution at position 187
(Lys to Arg) found in HBV Gen B, E, F isolates completely abolished recognition. These results
obtained with peptide pulsed T2 cells were then confirmed by the direct staining of biopsies of.

20 CHB patients infected by HBV gen C and D, which were both successfully stained with e183/A2
antibodies. The ¢18/A2 antibody showed a higher degree of degeneracy, since it was able to
recognize many core 18-27 peptides with AA substitutions characteristic of many natural
mutations present in the coré 18-27 and among them the substitution lle to Val at position 27.
This AA variation altered the binding affinity of the peptide to A201 molecules and thus it

25 reduced the stability of the peptide/A2 complex, making this sequence less immunogenic in
A201 subjects and reduced the quantity of pMHC complexes on the surface of infected cellé.'
Such hypothesis was confirmed by the inability of c18/A2 Ab to stain a biopsy of a HBV gen C
infected patients despite his quite high level of HBV replication. Since the recogﬁiti(:)n patfern of
the TCR;Iike antibodies specific for mutation present within the env:; 183-91/A2. cdmpléx 'i:s

30 distinct to the one of TCR of env183-91 specific CD8;cells, it is. likely that potéhfiél r-nut'atioﬁs
within the epitope selected by CD8 T cell pressure wouldn't be able to abolish‘ TCR-like Ab

recognition of the selected variant virus.

The strict specificity of the TCR-like mAbs to cells expressing the correct pMHC and the inability
35  of circulating HBV antigens to inhibit the specific binding are results that encourage the use of

humanized versions of the TCR-like antibodies described here in therapy and diagnostic. In the



32 Amino Acid Sequence of variable domain of E1831A2 mAb Heavy chain
QVQL QQPGAEFVKPGASVRL SCKASGYTFSSY WVEVWKQRPGQGLEW GEI DPSDSYTNYNQK
FKGKATL TWRRSBETRYIFSSL TSEDSAVYY CATSGYDVGVDYWSQGTTLTVSBC3BG200Tabiie 6.
Am no Acid sequences of HBel83-191mAb |ight and heavy chain. The high

sensitivity of the two TCR-1i ke ant|b1d|es all ows direct recognition of
pMHC conpl exes on the surface at infected hepatocytes. Hepatocytes which

express very low |l evels of HLA-class | nol ecul es and have poor antigen
processing ability can also be recognised as the antibodies 150f the
present inevesrRiobRerseraliged BedipRpicuch gaiiediescowd by usRd Iqsfielvisupize the BYBENy

cell's butygy a;anw&qhé ynf@eted/tav té anbltwsb@%.reéuy%dnatdewgrsspear@marmal ve
anal ysi s of the nunbe enve e and core derived pMHC conpl exes on the

surf ace o‘?r”WW\é‘Ef@dhﬁé'ﬁ@f‘?% @ted that the quantity of envel ope- NHC
conpl ex exceeded 20 the quantity of core-VHC conpl exes in HBV produci ng
Hep& _cel %%ﬁﬁﬁ gn hepat ocytes of chronic HBV infected patients. This
quantptat EPerence is | i kel y dependent on the superior synthetic
production of HBsAg in conparison to HBcAg/ HBeAg. Such results could

suggest t{?@r‘iergﬁo nggy}ﬁ -,%Ipmgetg{tlbtog{eget than HBV core for HBV-specific

CD8 T cel contro Interestingly, this quantitative hierarchy of
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and selected in HAT medium for 2 weeks. About 2000 hybridomas were screened for the
selection of desired mAb specificity by flow cytometry. Either env183-91 peptide pulsed or an -

15  irrelevant M1 (flu) peptide pulsed T2 celis were incubated with the hyb_ridoma supernatants for

30 min at 40°C, washed and further incubated with anti-mouse IgG-alexafluor-488 secondary

antibodies for 30 min at room temperature, washed and analyzed on BD FACSCAN flow

.cytometer using cell quest software. Only one clone displayed the required recognition

characteristics restricted to env183-HLA-A2 and did not show reactivity with M1 peptide pulsed

20 cells (Figure 14). This positive clone was sub-cloned twice by limiting dilution, stably expanded

and the culture supernatants were collected in bulk. The E183/A2 mAb from these supernatants

‘were purified by Protein G Agarose column.

Specificity of E183/A2 mAb

25 The specificity of this mAb was tested by incubating T2 cells with different HLA-A2 blndmg
peptides derived from HBV polymerase, X and envelope proteins as well as from EBYV, ﬂu,
CMV; and a wide variety of tumour associated anti'ger) epitopes. As shown in the Figure 15A,
the E183/A2 mAb reacted specifically with env183-91 peptide pulsed cells and did not stain cellis
pulsed with any other peptides. Similarly, the mAb d|d not recognize peptide alone or HLA- A2

30 alone as pre-incubation of mAb with peptide did not result in the decreased staining of cells
" pulsed with env183-91 peptide (data not shown). The binding/recognition capacity of therapeutic
antibodies should not be inhibited by the components of the patients’ sera as well as viral
antigens. To determine if E183/A2 mAb retains its binding capacity even in the presence of
_patient’'s sera components including high levels of HBsAg and free virions, the mAb was pre-

35 incubated with sera of HBsAg+ve patients, culture supematants from HBV producing HepG2

cells and with the sera of healthy individuals (AB serum). The resulting mixture was then used fQ



By perform ng experinents of pMHC detection wi th i munohi st ochem cal
staining on fixed biopsies and Hep& 117, we noted that the sensitivity of
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PD-1L) in different phases of chronic HBV infection and to detect possible
co-localization with CD8 T cells or NK cells. 15The two TCR-I|ike anti bodies

show a di¥aipreami83Rlpelsed T 2d@entiowe, 155 dermensyalesi that ee-ipebation ohmARNwi
Wi t hi n t hedAYvE BEAORRE noTrhﬁo;@rylﬁwc%n fN@ rsa@moemtmmzwmgaﬁsl Efy' &318°3¢K2 t he

env 183-91 se uence characteristic

substi t utTOh Aekesofaoeingh Wgse resHlisy e% g e"f‘?ﬂ?ﬁae ﬁ;ahﬁ\?p&en S%ec' ﬂg'aﬁat es
conpl et el rgsteibred iE3 B&A2 meAtogkhitited B.find Bpsaficite sLid T CellliReabptodamd nsrbupm:p)g tapacity

pul sed T2 cells Sukehs t,_@gﬂ confirnmed by the direct staining of biopsies of
20 CH pafl el |md & By HBV gen C and D, which were both successfully
stained with e183/ A2 antibodi es. The c18/ A2 anti body showed a hi gher degree

of degen%ggytw@,ld?@qsgm\/,\mbabl e to recogni ze many core 18-27 peptides Wi th
AA substitutions characteristic of many natural nutations present in the

core 18- 270 Andl oabntiry Mini@al perlidg goaeentiation fequired tte aghieveisighicant; FRINDY Wi s
AAdvaL | atEmged trmgeqiz tc@%hhbfédh&ﬂ)a@efof wm?c 'K/é(r;lda‘s cbh@angﬁyﬁd‘ dﬁeﬁvﬂ%\@@bemiﬂe?&w ﬁ_s
antu5|t re t he st t t he tide tls
sequeifce §t@8 Y"W?rﬂ’%‘gg'g?]?rto"‘fnrf" 1'9%%6] et 'QW %B?R:t@g i3 ’H&P%‘ﬂ‘émﬁv G " VHC
conpl exessigifidahestainingace of infected cells. Such hypot hesi s was confi.rmed
by the inability of c18/A2 Ab to stain a biopsy of a HBV gen C infected
patients despite his quite high level of HBV replication. Since the

r ecogni t i Mapping oéantibgdytbiedingRites ke eav8H A9 peptideeci fic for nutation

present wtd Qa&}e£$®h.€ﬁl\énﬂ1%3ac‘?&/re%?du@9rapl9%staSg@thfAesafré Bffdcti %Joh@dQ&eEmsxATﬁR

of env183-91 specif I's, 1t is ik g}gten?l al nutations
wth.wth@Aeprqcegmﬂw E%t@i'Sby/etaaenOPbe@m Wﬁ%%\dﬁ@ uPgRiide BNy ealanine

abol i sh TQBsiltUif(ﬁmsAéi th@méd RRid0Es bhe tﬁ@bBiﬁtS/Qﬂ B/@BIAZNINABI tb UScognize The AA

strict' s lel f Ilke XPpress th orr

BMC and SHEHHASBEH Ry eSOl FiRal] Ve oL Aty UEEPES LRGP TPAan 69
speci fi ¢ wemdiot toleatedrgskd 836AZ inab, mdccatmgatge involveoneet aff thbsemeesidpesl invantibpdyns
of the TC,;R {3%‘;‘% anti bodi es described here in therapy and diagnostic. In the
WO 2011/ 069 €T/ SG2010/ 000440 41 new era of personal i zed nedi ci ne, such
anti b¥di es could be used to first visualize the existence and quantity of

the inf eCh@&érﬁtﬁ&%ﬁEﬁ@M&?ﬁbl@ﬁas‘*oﬁﬁ&& b?/ |M§é”c@u&|9r smcbyﬁr.gspem ficall Ly

antiviral _drugs or T\étoklnestot e viral infected cell 5 EXAMPLE
Gener at i ohhe$argpity; of TERgke mAbriemesqopige QWCb‘ERﬂ"'pé‘?‘eR/PEPQUV@r ty 9'@5‘8@9@8”3@30“"3

[ deuE [ ZedlgtraéblluMﬂ)I broaeé‘s@él péptma i6 eat inteixNeF HLA- pgwaléz figtevdliaed EyL&&lo é;taonﬁemorrer
an reun e a ose ete
adj uvant "C'? ggbg'? %PUHJS ?"t'vkglfmﬁ?tg%gggf‘éﬂppﬁbg{ E\?Pgﬁocﬁ Is g@ga"vgnet HiAs

per f (ﬂmedAmM +) auiith pLV}(étBsAg ve@odexmsedsefgdulblehgtb iHEsAg $pd>teln085gh|@&arft stamingeidt ed

mce wer eIF E% npA/b %BS%g]pw (/Qct@sgraﬁ%kme%ehé) | Blgaﬁ’sr @Q&"‘ (ﬁg&r@crﬂéﬁique'

The resul Bri & re was see

sel ect ed ﬁwmvaﬁf@dh@ﬁh@@ranﬂbmn regognize pOG quééﬁﬁ@um@d%?%ﬁ'éd‘ for
t he sel ecﬁé&'ibc?tfe desired mAb specificity by flow cytonetry. Either i
env183-91 peptide pulsed or an 15 irrelevant ML (flu) peptide pul sed T2
cells were incubated with the hybridoma supernatants for 30 mn-at 40C.:
washesb antihd wbiifpest TCR u.la@taadxwyttb 1266 gnizZE0pIFC | @orpidxex afnl HBY - ;#&am@cﬁmm y

t i bodi t at h
FACSCAN 1 HSR o el Sos e el qlist By (R Seof toPRRued FinoMoie By e
t he requi gedmesaaigmoduce rhiB(Vrlmoaa'maovai bf dx&oc)ezhmerﬁmm e Quturem)mn Hiix\dayva afted
did not SEI véP&ﬁo&‘fﬂthH%Béﬁ% Mceﬂ@%o%}@ﬂkeﬁé@ve?@st]%leb With @193‘/@? mAD (F.gUPé S

pOSI tive one Wwas su ned tw ce uti on,

ande
and the ci8Bufeinsigees HBVmww%ﬁ@S%Wp&?@@d hepGzal W ce'iweeﬂfﬁ@ﬁesévmo@\ﬂﬁpom
t hesessupgidIAFRR Sake 'sRynlidantlyl Grdaded QhiRinG WtAUMEIHD GRkibGRY: was observed,

demonstrating the ability of the TCR-like antibody to recognize their cognate pMHC on HBYV



Specificity of E183/ A2 mAb 25The specificity of this mAb was tested by

I ncubating T2 cells wth different HLA-A2 binding peptides derived from HBV
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20 pMHC complexes produced on HCC lines that have naturally integrated HBV DNA, a well

characterized patient derived cell line, Hep3B was. used. This HCC cell line was previously
shown to express and elaborate HBsAg with out artificial ectopic transfections and they simulaté
the cells of the diseased hepatocytes in patients where the pMHC complexes are.expected to
be present at low density on the cell surface compared to the peptide-loaded cells. Because this
25 cell line does not express HLA-A2, we transduced cells with HLA-A2 vector. Flow cytometry
analysis revealed significant staining following incubation with E183/A2 mAb. No staining wa:s
observed with cells that do not express HLA-A2 (Figure 20). Treatment of these cells with IFNg
increased the antibody staining significantly. This data indicated that the E183/A2 antibody ca:n
recognizé pMHC on natural HCC lines and therefore may eventually be used to visualize these

30  complexes on the surface of HCC lines that express HBsAg naturally.

Specific delivery of fluorochrome linked to E1 83/A2 mAb _

To demonstrate the ability of the antibody to serve as a specific targéting molecule, :a

fluorochrome-Fab (Alexa Fiuor 488, Zenon labeling) was conjugated to the E183/A2 antibo_dy
35 and tested if the immuno-fluorochrome conjugate is specifically delivered to the pMHC

expressing cells. The flow cytometry analysis revealed that the mAb-fluorochrome conjugate
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vvereflxe arafor mn at~ room tenperature, wa
and i Tﬁ:ub@ﬁ@uAmqw@wﬂm thﬂmrgomaptm tagt inladepatgotes Speessing eMNCex a
fluor647-Tyram de Signal Anplification kit was used for visualization of
staining wi.th the _exception that anti-nouse |gG HRP polymer was used in
pl ace of BREFRENGES: | gG HRP As shown in Fi gure 19, SI gnl ficant staining
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mAb coul d e“the corrpl exes on f| xed infected

cel | f Lex es To explore the potenti al
of t?\zeo Elglgﬁrkgg%&% 15%% '\tpagmf?ecoggl ??r?g tﬁ%w;ndogenousl y derived 20 pMHC
conpl eXGSs%%HE%Qd RussErMbieBfs EBARg hﬁ\tﬁb&ﬁfow m'ahb{al' Bbie BRI HEBYr DNA, a

wel | char gggoegtb,;,e,devp%;kqggm(jerl ved céell line, Hep3B was used. This HCC cell

i ne was previ ously shown to express and el aborate HBsAg with out

artifici abueDt NBésal M @OBEESthble Hep@2dahdBMh-Bhsad Hintant Hipaald cell Ghed foe

di seased bfgattoeyliesdi éxppakior ndfsinfebisue HémtindBCviaanbames ofi Hepatsipget ed to
be przsents:a36-648yv density on the cell surface conpared to the
peptide-loaded cells. Because this 25 cell |ine does not express HLA-A2 we
transducedSae225538@i t h HLA- A2 vector. Flow cytonmetry anal ysis reveal ed
significant staining follow ng i ncubation with E1831A2 mAb. No stai ning- was
observed WSt3P&&8Ps that do not express HLA-A2 (Figure 20). Treatment of
these cells with IFNg increased the antibody staining significantly. This
data indicated that the E1831A2 anti body can recogni ze pMHC on natural -HCC
lines and therefore nmay eventual |y be used to visualize these- 30c0np|exes
on the surface of HCC I i nes that express HBsAg naturally :



Specific delivery of fluorochronme |linked to E1831A2 mAb To denonstrate the
ability of the antibody to serve as a specific targeting nolecule, a

f 1 uor ochrwoeefiae2468l exa Fl uor 488, Zenon | abeling) was eomjsegetoedodio t he
E183/ A2 anti body 35and tested if the imruno-fluorochronme conjugate is
specifically delivered to the pMHC e ‘g{]essi ng cells. The flow cytonetry
anal ysis reveal ed that the mAb-fl uoroChrone conjugate WO

2011/ 062562PCT/ SG2010/ 000440 44 retained its parental antibody specificity
as specific binding was observed with E183-91 peptide | oaded cells but not
to the céfMAMSaded with an irrel evant pepti de (data not shown). Fol | ow ng
i ncubat i on of E183-91 tide | oaded HepQ&X2 cel the mAb-f| uorochrone
conj ugat e t A" d¥lated vﬁf':g"'iené[)‘l?&?éd’raffamt tﬁ@’ef’f k’@lf’?'? rfee AtRedy gh

al i quots of Cﬂdn‘ien\t\ﬁﬂfé?e&% lcegdbisl obgiskcifidaliynsiidiag € atiiehst dld HBeMerived abel

pl asma nenbrane to visualize the internalization of conjugate. On confocal
i mgi ng, cel % Pige-nr showed a ri ng-like distribution of cell surface
fluoréscence along with plasma nenbrane-specific dye Dil red. By 4hr of

i ncubati o. 0, ' and
appoar ed 3 ¢ h i E i PG B 1ORASERTAE MO hRd pephiBd obflakey ot

del i very vehi |§a€§ engt heratilis éﬂw@gﬁedawnoﬁﬂdﬁorl 3t lepstapie; Bepaiitis B aﬂng@PPQ:el | s but
should 10 follygeni ntracel lular route ending with the delivery of the drug
to the correct ntracellular address. Aliquots of these cells at 16 hr were
i ncubated with LysoTracker red (shown as mediumgrey in Figure 21) to

iet Frm nes. }/me‘lr']ﬁbaéntibbi&/ écﬂ:bﬂfﬁ’gﬁb ieRRé+ oRdrhi b dy waesiraths eBwddrived pestrie n]es

nal ysis of the r ts shown . in Figure 21 ISP ocalzatlon
of b 11 vor BERREtn I 3 SR Brkel e e P NAG Rl s iRl o 21

Taken together these results clearly indicated 15that mAb is able to
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denved peptide is part of an MHC-| peptide complex, the complex comprising the

20 HBYV derived peptide and a HLA class | molecule.

7. The antibody according to any one of the preceding claims, wherein the HBV
derived peptide comprises HBc18-27 and/or HBe183-191, a variant, mutant or
fragment thereof. |

25

8. The antibody according to any one of the preceding claims, wherein the antibody

is selected from the group consisting of:
(a) antibody produced by hybridoma cell line PTA-10167 and/or PTA-1 1068
(b) antibody havmg the binding characteristics of the antlbody produced by
30 hybridoma cell line PTA-10167 and/or PTA-1 1068; ‘
(c) antibody that binds to an antigen capable of binding the antlbody .
produced by the hybridoma cell line PTA-10167 and/or PTA-11068;
(d) antibody that binds to an antigen comprising the amino acid sequence of
SEQ ID NO:3, SEQ ID NO:24, a variant, mutant or fragment thereof; and
35 ‘ (e) antibody comprising at least one light chain and at least one heavy

chain, wherein the light chain comprises amino acid sequence of SEQ ID



45 CLAIM5S 1. An isolated TCR-1i ke anti body or fragnent thereof, wherein the
anti body or fragnent thereof is capable of specifically binding to at | east
one HBV deoizvadepsspt i de. 5 2. The anti body accordi ng t opcirsiGauibjooeaer ei n
the HBV derived peptide conprises at |east one hepatitis B core antigen
and/or at |east one hepatitis B envel ppe antigen. 103. The anti body
according to either claiml or 2, wherein the HBV derived peptide is in
associ ation with a major histoconpatibility conplex (MHC)-class | nolecule.

4. The anti body accordi ngﬁ@o claim3, wherein the MHC-class | nolecule is a
human | eukocyt e ant NG&h SERAD NQ32sa|vanentegwtant of dragmernihernef apd e

according to clai mHeavwaﬁa.ﬁldan{phgedrﬁsnsIaa.assehuémheﬁlslee; ISNOASEQ ID 6. The
anti body according to any one of the g_rece ing clainms, wherein the HBV

derived peptide is MRS Bratantyptant o Zagment he¥eqli ex, the conpl ex conprisi ng
t he 20HBV derived peptide and a HLA cl ass I rml ecule. 7. The anti body

accordi ng to ne of th ecedi n re n the r| ved

pept i $ ﬂ%%%qﬂ%@igccfﬁ@g{glw olfﬁgi qﬁ?dmg (ilaérlnlsa‘?'ltt'ere'ﬂﬁteaﬁ? o Y¢ ragment
t her eof . 25 8is afleestantihbmdy, rotmized pgchimedngntibndy. of t he precedi ng cl ai ns,
wherein the antibody is selected fromthe group consisting of:

(a) antibody produced by hybridonma cell |ine PTA-10167 and/ or PTA-11068;
(b) antibtRly FHevanigodhacderding egnyeae £f therpreeqding dgims Heheigipitipantibgdibduced by

30hybri doma C@IereIIécrw.ﬂPJ/II;aIs@éﬁe?raaIaﬂb&eeBFIdIorlfm&féhr&ﬁa antibody that binds
to an antigen capable of binding the antibody produced by the hybri donma

cell 19 ne PTA-10167 and/or PTA-11068; (d) antibody that binds to an antigen
conpri si ngt.t heneghitibodyacodrditiieeshynefof HeQrédadig: &aungQIerélB)tmI%pdﬁ

f h b I
one 11 ght " chafrirarsif ekt BRcRua P IR NS, ol e ARl | o7

conpri ses am mwagerdi d sequence of SEQ ID

15 12. Anisolated hybridoma cell line deposited with ATCC with accession number PTA-
10167 and/or PTA-11068.

13. A method of producing at least one hybridoma, Hepatitis B Virus (HBV)-specific
antibody or a fragment therefrom, the method comprising the steps of:
20 a. immunising at least one non-human mammal with at least one HBV
derived peptide in association with a MHC-class | molecule, to form at
least one B cell specific to the HBV derived peptide in association with a
MHC-class I molecule;
b. selecting at least one B cell specific to the HBV derlved peptide in |
25 association with a MHC-class | molecule; and
c. fusing the selected B cell with at least one immortalized cell to produce
at least one hybridoma, wherein the hybridoma is capable of producing
at least one HBV-specific antibody or a fragment thereof specific to the '
HBYV derived peptide in association with a MHC-class | molecule; and

30 optionally isolating the HBV-specific antibody from the hybridoma.

14. The method accordlng to claim 13, wherein step (b) comprises lncubatlng at Ieast _
one B cell specific to the HBV derived peptide in association with a MHC-cIass |

molecule with:



46 NO 1, SEQ ID NO 32, a variant, nutant or fragnment thereof and the heavy
chain conprises am no acid sequence of SEQ ID NO 2, SEQ ID NG 33, a

vari ant, wotantosese2f ragment thereof. The anti body accor ¢cmgceoanysone of
the preceding clains, wherein the antibody is at |east one hunman, humani zed
or chineric antibody. The anti body ac&or ding to any one of the preceding
clains, wherein the antibody is |labelTed with at | east one radi onuclide
and/ or fluorochronme. The anti body according to any one of the preceding
clainms, wherein the antibody is |linked with at | east one dru anti-viral

drug, toxin andi-or @Heasbenediaiylatedantiger dhn antigpn F@?P@t%&inﬁvsg'i"%%ﬁﬁ" cel |

l'ine deposited w t hsRERE tHHBYCRS ISP BetidelIR lasEbotidA With AMHEEIETA- 11068.
A et hod of produci | egst one hybridoma, Hepatitis B Virus

ng at
(HBV) - specific anti’Bg'SQ}”"Era“ fragment therefrom the nmethod conprising the
steps of: a. inmuni stilewst e dreistsdtincroajugated beachn manmmal with at | east one HBV
derivqgj peptide in association with a MHC-class | nolecule, to form at
| east one B cell specific to the HBV derived peptide in association with a
VHC- cl ass13. nbhemethed abcording bxeitheg claim 2as 4.ovherd ¢l HBY dedveldi peptide t he HBV

derived pepti %qz_,g’cq -%?%Pﬁbé@éﬁ{bﬂ’"i th a MHC-class | nolecule; and c. fusing
the sel ected cel? wth at | east one immortalized cell to produce at | east

one hybri:dpma, wherein the hybridoma is capable of producing at |east one
HBVE _sgec! fie.c amd h@gﬁu a@éqrtéiné ﬁ@&ﬁ%ﬂﬁ?,t\M@rﬁﬁfHBF:ﬁ'gQrfcbﬁ\pﬁfabstth@_ahﬁ\él ftﬁt{ i ved
pepti de in association a - cl ass ule; an tiona

i sol alq ng t hes?-‘lg%%epé’f:i#g%ngnf" cﬁ?d?ﬁro"r{ré?ﬁg'1 bFIRIIES tR%f”“’i’?lea%%t hod
accordi ng to sdquienteld SEENIErND 2454 egiaph mutompr frsgesent thetdofit | ng at | east one B
cell specific to the HBV derived peptide in association with a MHC-cl ass |

mol ecule with: 47 i. at least one biotinylated antigen, the antigen
capabl e of7.bi hiek mgthodeacBordimblto @proneicf claans e tHBY, Wesrpingbe PpHt-rldes | n

associ ati on Mngtéc@e'i\é% AriSulocPRIAEGERHLANa& | hdidsle. ON€ anti-biotin

conj u1gat ed bead. 5 15. The nethod according to either claim13 or 14,
wher el the HBV derived peptide is HBc18-27 or HBel83-191. 16. The met hod

accor di ng14.0 ThainBind® acodhd@hSiotidiRCI ¥ BwRereinARDHLA i8sd NAoidglleR HAX-A2. 10sequence
of SEQ ID NO 3 and/or HBel83-191 conprises the am no acid
19. An isolated antibody or fragment thereof, produced according to the method of
any one of claims 13 to 18.
20
20. A method of detecting and quantifying the presence and distribution of at least
one HBYV infected cell in a subject, the method Comprising:
a. contacting at least one antibody or fragmerjt thereof according to any '
one of clain'is 1 to 11 and 19 with at least one sample obtained from at
25 least one subject; and
b. detecting and quantifying binding of the antibody to the HBV infected

cell.

21. Thé method according to claim 20, wherein the antibody binds specifically to
30 HBc18-27, HBe183-191, a variant, mutant or fragment thereof or a fragment
thereof of the HBV infected cell. o ' '

22. A method of de{ecting'HBV-Iinked Hepatocellular Carcinoma (HCC) cell in a

subject, the method comprising:



sequence of SEQ ID NG 24, a variant, mutant or fragment thereof. 17. The
net hod according to any one of clains 13 to 16, wherein the MHC- cl ass |

nol ecul e we 2a1lmséewn | eukocyte antigen (HLA) class | nol ecuse20tb®Hod80 The
met hod according to claim 17, wherein the HLA class | nolecule is HLA-A2.
19. An isolated antibody or fragnent J@er eof , produced according to the
nmet hod of any one of clains 13 to 18.720 20. A nethod of detecting and
quantifying the presence and distri buti on of at | east one HBV infected cell
in a subject, the nethod conprising . contacting at |east one

anti body or fragmerronasting af eaetcmedamo%oaﬁygraﬁ@ tgereef agaeEding o2yt and 19

with at |east one SgHEfeIMRS altaeel ahfl AOith RIRRShe GARPIE WM, frommglt b.
detecting and quantifyin of the antibody to the HBV infected cell.

bi ndi n
21. The net hod accd?%ﬁtﬁgg%b’%qtaﬁ”& 20, wherein the antibody binds
specifically t® 30HREddting Bindinpefiad ahfisbdy & thaHBAlinked HICEANhfeoted kelagment
thereqf or a fragnent thereof of the HBV infected cell. 48 a. contacting
at | east one antibody or fragnment thereof according to any one of clains 1
to 11 and23l9 Avirhé¢thad of dmstmephef $iBiplapdiobtadilerst! one driB¥dinkegadiseasee theubj ect ;

and b. det eCtﬂn AR gin fao‘rﬁl’ﬁst@@;%g@%};ﬁgtﬁ%&hﬁ H%\é' ltHePé?ﬁdatHQgst' seect ed

cell. 23. Ane od of 'treatnent o \ east one HBV-1|1 nked
di sease, .the &rérbh@uor@dr?@megtﬁhgreaaaﬁcmdmgépian)gom%ofeﬂ%mﬁﬂé%ﬂ1 apd Hed t her eof
at | east one antibody or a fragment thereof according to any one of clains

1 to 11 and 19. 1024. The net hod a cordi.n n the
HBV- 1 10hk etft- di EResaethpd aggepdingtg clayp 2 a‘%‘?qr‘%gif 'gl?\?ﬁa\fetdé%ﬁ@ﬁ? 'Sm eof accordi ng
to any one of clains 1 to 11 and 19, for use in nedicine. 1526. Use of the
anti body % aTr]:ergrgl c?);[ or gg?noefntthaepe%’f)zracgclorncgng ) %n%ng ?clgll;nsclltglﬁsana 15,0 11

for use in medicine.

15 26. Use of the antibody or a fragment thereof, according to any one of claims 1 to 11
and 19 for the preparation of a medicament for treatment of HBV and/or at least

one HBV-linked disease.

27. A kit for diagnosing HBV and/or at least one HBV-linked disease, the kit
20 comprising at least one antibody or a fragment thereof according to any one of

claims 1to 11 and 19.

28. A method of determining the efficacy of a va'ccine_ in a subject, the method
comprising:

25 - contacting at least one antibody or fragment thereof according to any
one of claims 1 to 11 and 19 with at least one sample obtained from the
subject between 5 and 15 days following administration of the vaccine;
and

- detecting binding of the antibody or fragment thereof to a HBV infected

30 cell; and

- comparing the number of HBV infected cells before and after .
administration of the vaccine, wherein é decrease in the number.o_f :HBV '

infected cells indicates an efficacious vaccine.



and 19 for the preparation of a nedicanent for treatnent of HBV and/or at

| east one HBV-Ilinked disease. 27. A kit for diagnosing HBV and/or at |east
one HBV- |woked/de®ease, the kit 20conprising at |east oreTacRiiomdyssor a
fragnent thereof according to any one of clains 1 to 11 and 19. 28. A

met hod of determning the efficacy of a vaccine in a subject, the nethod
conprising: 25contacting at | east one*&nt i body or fragnent thereof
according to any one of clainms 1 to 11 and 19 with at | east one sanple

obt ai ned fromthe subject between 5 and 15 days foll ow ng adm nistration of
t he vacci#®; Amethod for determining the accuracyjet antigem grosesaiiangndopresantatigntin body or
fragment t her ok, o dndif bohBHIRAna0GE) lof BRE-FRMRACLAGrcanBUEPEF Of HEV

infected cells before and after adm nistration vacci ne erein a
decrease in tFRIMAMHErohacooMNg oAk epeaf ¢aimsd to Alpeal 8withtheetelli caci ous
vaccine. 49 A nethod for determ ning the accuracy of antigen processing
and preseptatjon ip .acell, th t hod conprising the step of contacting at
| east one&i\nt’lk’b@a%{égr"”f"?'&&?@ﬂ&?‘ﬂ&r%r&ff’d'agcordi ng to any one of claims 1 to
11 and 19 w t ha.t he atdddst onsnlight cthairi efcthe antibedy oas frdgmenteicartef aeomrdidghy a. at

| east- one |ight chaj f : | had I t ciding to
any one of clains %r&oogff}glﬁg%%{,ob@m%np gllgh%{] %ﬂgﬁﬁﬁgﬁéh%ﬁ%ﬁﬁgﬁgﬁs%%%% SEQ I D

NO 1, SEQ I D NO 32, IDN@dAr $EAtD Nz rtvagant! muignkartiragmenttbereobiand/or b.  at

| east one heavy chajifedfaf or‘i&ﬁea%ytchgﬁ%Yth%_ranﬁbéc{ya&%%rﬁéﬁ?{r%@ofQ&&)?Jiﬁb ng to
any one of claims 1 to 11 and 19, wherein the heavy chain conprises SEQ ID
NO 2,105EQ | D NO 33, to@ny 8r¢ ghelaimet ot #1d 15 whatein the hepwothaingPmptistessi on

vector conprising téeqmiaoe?, GEEIDINOI33CA hriEnB Grutdht BPFagraéitkheedTPr i si ng the
expressi on vector according to claim 31.

31. An expression vector comprising the nucleic acid of claim 30.

15  32. A host cell comprising the expression vector according to claim 31.



