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TARGETED T oo/ d67i4288' TES The present invention rel ates tRCH/GBSO26A]
«cytotoxic T | ynphocytes and their uses, and in particular to targeted
% cytotoxic T |ynphocytes having heterol ogous [err] and [err] T- cel
antigen receptor pol ypeptides which confery MHC restricted specificity
for di sease-causing target cells. e i mmune system conprises a

mul titude of different cell 10 t & ol Hoceres i but ed t hroughout
the body. In heal t hy individ ) def ends and
protects agai nst invading pathogens, parasites and cells whi ch have
becone infected or cancerous. - 15 The cellul ar basis for several

fundamental pr omes tpeEs@ht inveh®ldn PEXated €5 £ARGeteineytorenalcogi cal
menory, specificity and diversity of responses)”is the

| ynphocyte. Lymyinshoéeptés! hndntheito udlets,;s Gnd L€ particulhymeboturgeted
B-cell), which is ultimately responsible 20 for generating hunoral

responses (5edisgeotdyicorulymphocyted iHwdims ) héterbbogdubyaphand: 8 (a-
T-cell), which is ultimately responsi bl e for generating cell-nediated
responses. cell antigen receptor polypeptides which confer MHC-

restricted specificity for disease-causing target cellé.

The immune sjstem comprises a multitude of different cell
10 types.and molecules distributed throughout the body. In
healthy individuals, the_immnne syatém defends and |
 protects against invading pathogens, parasites and cells

which have become infected or cancerous.

'15 The cellular baéis_for.several.fundamgntal properties of
the immune system (including immunological memory,
specificity and diversity of responses) is the

- lymphocyte. .Lymphocytes fall into two classes: the B-
lymphocyte (or B-cgll), which is ultimately responsible

20 'fé&%guneratinglhumoral responﬁes (mediated by soluble
aﬁéiﬁgdies) #nd the T-lymphocyte (or T-cell), which is
uitimately fesponsible for generating cell-mediated

responées.

25 T-lymphdcytes are further divided into inter alia



25 T-lynphocytes are further divided into inter alia - WD 96/ 15238
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| ynphoW0 86£1523hi ch i dentify and kil l i nf ect ed, aber CHERPSOMN | gnant *
target cells) and hel per . T lynphocytes (which stinulate, recruit and
activate a broad range of cell-types involved in nounting an inmune

5 response). T-1ynmphocytes recegwi ze target cells via T cell
receptors (hereinafter, TcRs). TcRs do not generally show bi ndi ng

to antigen eitotoxiat Iorlymipiiscytesg(whéichnidentify mard kil of a
cell-surface glycoprote in conpl ex encoded by class | or .class |

genes of thiénfepted) stbermramnt idr|mayigneptetarget (dedles nadndrhebperred to
as the MEC U ass | or MHC d ass 1), Cytoetoxic T Iynphocytes general ly
recogni ze afit lywpbocytes nwhichistimnlateh WeCrOidsand adtcivsie hal per T
15 Iynphocztes general 'y recogni ze antigens in associ ati on with MHC
dass Il road menge &flicell=typeacinvelvedydn ssuntinggmn timmune
restricted to target cells capable of presenting antigen 20 in

aSSOC|aﬁlonrﬁFPﬁnﬁsﬂblcular host proteins (viz. the class | or class
Il MHC nol ecul es). The primary rol e of .~ the T-lynphocyte may therefore
be viewed as the nonitoring of cell surfaces,in t he body so that
aberrant, '

T-lymphocytes recognize target cells via T cell receptors

' (hereinafter, TcRs). TcRs do not generally show binding

to antigen alone. Rather, TcRs recognize antigen as part

10 of a cell-sufface'glycoprdtein cdmplex encoded by class i
6: class II genes of the~majot hiétocampatihility camplex.
(hereinafter referred to as thé MHC Class I of MHC Class
II). Cytotoxic T lymphocytes geherally recognize antigens
in association with MHC Class I, whereas helper T

15 lymphocytes generally recognize ahfigehs in aésociation

with MHC Class II;

As a result, T-lymphocyte tirget.éell recognitiqn-is

rq;tricted to target cells dapablé»of presenting antigen

20 *Tgsccxatxon with particular host protelns (_;; the

clalssI or class II MHC molecules). The primary role of
the T-lymphocyte may therefore be viewed as the
monitoring of cell surfaces in the body so that aberrant,
infected or malignant cells can be identified (or

25 detected, in the case of helpet T‘cells) ahd ultimately



infected or malignant cells can be identified (or 25 detected, in the
case of helw@wesdsmg! | s) and ultimately WO 96/ 15238 PCT/GB95/02691
'PCT/ GB95/ 02691 - - 3- el i mi nat ed.

Yhe T cell Receptor (TcR) 5 The TcR is a protein conplex, one type of
whi ch incl udes ~two disul phide cross-Lgpnked pol ypeptide chains (the
[err] and [err] chains) which are associated on the T | ynphocyte

cell surface w ghiglihaed! ecules. The [err] and [err] chains of t he
TcR are sufficient to endow a T | ynphocyte with both 10 antigen and VHC
(of either Class | or Il) specificity only the [err] and [err]
conponents of the TcR are therefore . required to define conpletely the

dual (i.e. MHC ghé T celdnHeiaibtdr | @Egcyt e specificity. 15 The [err]
and [err].chains conprise constant and variable ~ regions which are
honol ogous to i munogl obulin V and C regi ons, and the correspondi ng
structural genes undergo DNA arrangenents rem ni scent of those of the

i munogl obulsi n pheeTcRl ddcad prdtein reemplak, ' oRer tgpec of2Whitth includes
i mmunogl obulins and TcRs are simlar (about 10[err] per i ndi vi dual ).
two disulphide cross-linked polypeptide chains (the «
and S cha:i.n) which are assoc_iated on the T lymphocyte
cell surface with other molecules. The & and 8 chains of
the TcR are 'suff.ic:'i.ent to endow a T lymphocyte with both
10 antigen and MHC (of either Class I or II) specificitys
only the o and 8 components of the TcR are therefore

required to define completely the dual (i.e. MHC and
antigen) T lymphocyte specificity.

15 The o« and 8 .cha.ins comprise constant and variable
regions which ﬁre homologous to immunoglobulin V and C
regions, and thé corresponding structural genes undergo
DNA arrangements reminiséent of those of the
immunoglobulin genes. Indeed, the structural repertoire

- 20 - of_';";—'i'imunoglobulix.:sl and TcRs are similar (about 1032 pér

individual).

The g'enés encoding the- « and 8 chains of the TcR have
been cloned and sequenced (see e.g. Robertson (1985),

25 Nature 317 P 768-771) . Moreover, TcR o« and 3-chain genes



The genes encoding the [err] and [err] chains of the TcR have been .
cl oned and sequenced (see e.g. Robertson (1985), 25 hbturgT%& \ Zg? 771)

Mor eoverWOM™SAS23r r] and [err]-chain genes WO 96/ 1_52

PCT/ GB95/ 02691 , ' -4- have been _
transferred fromone T cell to another to generate a T cell clone of
different specificity (see e.g. Degbic et al., 1986, Nature 320, pp.
232-238). 5 TcRs are clonally distributed the TcRs of each T :

| ynphocyt e abavepdsddn ctinsfegted€rof idRNIT cell tietLnothent ot hough
there may be hundreds of thousands of t he sane species of TcR on each
cell). Thus, generate a T!|gebhoclibne dfndiffdnentrapetificikyh(seapect to -
TcR- 10 nedi at ed bi ndi ng. The [err] and [err] chains are associ ated
w th several ecigheDembic net eglil s1986G| Matmrepra20 rpp 0f232+23BP. conpl ex
and associ ated zeta and eta peptides. The TcR-CD3 conplex 15.
transduces a signal fromthe TcR to the interior of the T | ynphocyte-.
when it recogni zes the appropriate peptide- VHC conpl ex, thus

cont ri butd ng TeRsT-axs Iconallyi dnstrzbutedAbd:haar’ﬂcRﬁmf eagelesBi on, di sease
and the T cell. response
lymphocyte are specific for Just one antzgenlc
determinant (though there may be hundreds of thousands of
the same species of TcR on each cell). Thus, each T
lymphocyte is normally monovalent with respect to TcR-

10 mediated binding.

The « and 3 chains are a'ssoéiﬁted with several other
molecules, including prdteins-of the CD3 complex and
associated zeta and eta peptides. The TcR~CD3 complex

15 transduces a signal from the TcR to the interior of the T
lymphocyte when it recogniz§§=the éppropriate peptide-MHC

complex, thus contributing to T-cell activation.

20

Tﬁ&fhéalﬁh of an individual depends on the co-ordinated

and tightly-requlated éxpression of many thousands of
different ggnes. Aberration or alteration of gene
expression, even if subtle, can’therefore give rise to a

25 plethora of different diseases, including cancers, AIDS



20 The heal th of an individual depends on the co-ordlnatgﬁpuaga@yﬁj

tightly-regWae&t528 pr essi on of many thousands of differ
Aberration or alteration of gene expression, even if subtle, can
fherefore give rise to a 25 plethora of different diseases, including
cancers, Al DS WO 96/ 15238 =5~

PCT/GBQS/02691 - 5- and vari ous

aut oi mune di seaaRd. various mmbpiginung chiséase®ys nay i nduce aberrant gene
expression. For exanple, the expression of endogenous 5 genes or the
structure of the proteins encoded t hereby may be altered by nutation.
Such nmutations may spont aneous, but are often induced by

car ci nogens preé@%@Y dlffﬁﬁeFﬁeﬁgﬁﬁQQﬁﬂﬂﬁﬁ induce nabeysapt geae

i ntroduction of ~expgenous genetic material intq cells of the

i ndi vi dual 10 9¥BFegfifp.cFo5 gxample, dh eumrefmeetx. of)) endpgensns;

i n the disruption of gene expreSS|on patterns, activation of
normal |y silgnt %RHE% aRdEBe strusiane QL the p%ﬁt¢b$§|gﬁceéee thergby
pr ot ei ns. 15 One jnportant exanpl e of, the consequences of induced
aberrations in Joa% R FiESFGﬁ by mutation. fnsh mutatiens: MY, beunour

formation characteri es nost cancers, - and_the_tunmours arise as a
consequence of t$ROREAREPYBS, but are often induced by carcinogens present

in the environment. Alternatively, the introduction of
exogenous genetic materiai.into cells of the individual
10 (for example as a result of virai infection) may result
in the disruption of gene expression patterns, the
activation of normally silent genes and/or the synthesis

of foreign (e.g. viral) proteins.

15 One important exahple of the consequences of'induced
aberrations in gene expression is that of tumour
- formation. Tumour formation characterizes most cancers,
and the tumours arise as a consequence of the structural
alteration or overexpression of endogenous proteins
20 a&téndant on the.mntationnéf oncogenes and tumour
Sﬁéﬁiessor genes in samatlc cells. For example, in
certain types of breast cancer tumour formation arises
from amplification aﬁd o#erexpregsion of the_HER-Z/neu
protooneogene. | o

25



alteration or overexpression of endogenous proteins 20 attendant on the

mut ati on of oncogenes and tunour suppressor genes inﬁﬁﬁgah%ﬁP@ﬁlls'
For exaWy®86/15238 certain types of breast cancer tunou ari ses
fromanplification and overexpression of the HER- 2/ neu pr ot ooncogene.
25 WD 96/ 15238 : : - PCT/ GB95/ 02691

- 6- Apart fromthe onset of diseafe at the organismal |evel,

anot her phenotypi c consequence of aberrant gene expressi on may be the

producti on épaxtodfinomcthe ¢onsetedf diseameciat the axganismabnieved, is

I ntended to cover not 5 only new antigens arising fromnutant or foreign
ani no asother; phenctypic apnsegnenceanf aherrantigepeérom t he :
expression -of normally silent wld-type genes, or the over expr essi on
of nor nal | yeXprassian, nay ke -therproduction @i mecantigens. Asoused The
production of neoantigens may give rise to,  alterations in cell surface
anti gens, 18 &he ieeEm "neocapkigan'uds intended, tongoeNer cRPbnse. For
exanpl e, ant i bodi es, directed agai nst oncogene products have been 15
found i Pt hORdYr REWrANLAARRS AXIBARY SROTcPusast O foreign Amiagt es

whi ch recognizg and el ininate tunpur cells . L.
acid sequences, but also "new" antigens arising from the

expression of norﬁglly silent ﬁildftype genes, or the
overexpression of ndiﬁally relativély weakly-expressed
‘wild-type genes. | |
10
The production of neocantigens may[give.risg.to
alterations in cell surface antigens, which alterations
can in turn induce'aﬁ=imMMne response. For examplé,
antibodies directed againsﬁ oncogene products have been
15 found in the serum of tumour patients and cytotoxic T
lymphocytes which'fecbgnize-ind eliminate tumour cells

have been demonstrated in a-numbér of model systems.

Altg:ations=inkéell surface antigens capable of

20 ;ﬁ;$¥#hg a cytotoxic T 1ymphdcyte_;esponse may arise
f&iﬁa&ingaintracellular processing of'ﬁhe mutant, foreign
or overexpresiéd.proteins'to prbduce'peptide fragments

- which may 5e displayed at the_éell-éﬁrface as part of a
peptide-MHC Class I complex capable of recognition by

25 cytotoxic T lymphocytes. In this way, aberrant cells may



have been denonstrated in a nunber of nodel systens. -;ﬂﬁéﬁﬁéﬁgﬁs I n
cel | surf waepeeus2agens capable of 20 triggering a cytotoxh? ’ yte

response nmay arise followi ng intracellular processing of the nutant,
foreign - or overexpressed proteins to produce peptide fragnments
whi ch may be di splayed at the ceII-surfggg as part of a pepti de- MHC

Class | conplex capable of recognition by 25 cytotoxic T |ynphocytes. In

this way, aber{fé‘@e&@éﬁfzgay_and el%i%qeg%_g}ympho%t'a

PCT/ GB95/ 0269 P8&ogni zed and
elimnated by T | ynphocytes. In addition to alterations in cel
surface antigens, . protein overexpression, foreign (e.g. viral-derived)

or 5 nutant pupteidy PfgHuEL! @ReRRYtE Eﬂﬁf'é’eifsé%%fcﬁgtﬁﬁtiggfx,

appear ance of “exogenous heoanti gens Virus par

ragents). THAGABY Ofer8800aaattn) SEENANC(OU yiral -AEFEVAE)ORY | NS

on the surfac nphocytes, I nter processed and

subsequent$y RiRsaE e&aéeiﬂograaheerio& f&ﬂtyheﬂ;icﬁélg\%esﬁﬂgphﬁ&w h MHC

class |1 nol ecul™es at theé surface o B-cell which is

presenting antg fihéaiéfwaseo%aaom MR ZfshdY( €. g. viP@bPBarticlles
via a specific TcR-peptide-VHC O ass 11 t'hteraction and stinmulated to

devel op into @ AedGméRts) . 1PheBaC Al He |FEdisyfizéd | by ofiefbrafksbband
anti bodi es specific - _
immunoglobulins on the surface of B-lymphocytes,
internalized, processed and subbequentl?-presented as
10 helper T-cell antigens as a complex with MHC class II
molecules at the surface of the B-cell. A B-cell which is
presenting antigen in this way can be recognizeﬂ by a
helﬁer T-cell via a spécific TcR-peptide-MHC Class II
interaction and stimulated to develop into a plasma cell
15 secreting'iarge quﬁntities—of soluble antibodies spécific
for the exogenous antigen. In this way the helper T

lymphocyte may stimulate a humoral immune response and

indirectly activate a wide range of immune cell-types.

20 Thciéf@fa.many_:eports;pt tumour-specific or tumour-
aaéG;E;ted neqantigens. For example, 6verexpréssion of
‘the ERBB2 récéptor is associated with many human breasﬁ
and ovarian gancérs_and also results in the appearance of
ERBB2-derived ﬁeoantigens at the cell surface. In colon

25 éancer, the adénomatosis polyposis coli gene (APC)



for the exogenous antigen. In this way the helper T | ynphocyt e may _
stinmulate a hunoral immne.response and i ndirectly gﬁh@g%gﬁéhvwde
range WO 96238 cel | -t ypes. 20 There are nany reports. ur-specific*

or tunour- associ at ed -neoanti gens. For exanpl e, overexpression of
the ERBB2 receptor is associated with many human breast and ovari an
cancers and also results in the appeeB-ance of ERBB2- deri ved

neoanti gens at the cell surface. In colon 25 cancer, the adenomatosis
pol yposi s estaliynondaz@oes earlyp Wet4tL868. Although the mutation

PCT/ GB95/ 02691 . . . . -8- usual | y under goes-
early nut s0fben simpdygreswlbamitin ithe introductionnpify ar @hdn sddon he
i ntroduction of a stop codon (which terninates translation resulting

in the protWbicbntermingtes hransiatian presulting innkhe Erasuction
mutation is. 5 a frameshift which results in the production of new

protei n se@fichtuncaked,dPEnmrateinh gie manygeasesckbe mutatiocdesed

“intracellularly and bound to the NVHC proteins, such antigens may be
presenPed &t framesbiftswhiche reanlts inctherpredughion pfphmewtes. 10
In many other cases the structural alteration or over expressi on of

endogenousP¥PEeiRngequenFes: and, Retaptially cunique: ankigens.aOne®s in the
_intracellﬂéggc ng Sih%gacellularly and’bound to the MﬁC_proteins,
such antigens may be presented at the cell surface and
recognized by T IYmphocytes. | |
10
In many other cases the structurallaltefatidh or
overexpression of endogenous proteiné.wbuid be expected
to resﬁlt in alterations in the intfacellular pchessing

of these proteins and the presentation of necantigens in

15 association with MBC proteins on the cell surface.

Despite the above~-described immnnogeﬁic cohséquences of
aberrant gene expression, the natural immune response
mounted to combat infected, aberrant or malignant cells
20 isjggggg inadequate. Although the reasons for this

failéi;;are not fully understood, it is thought that
neoantiéens aﬁe.often treated by,the~immune-system as
tissue-specific antigens and so_toleratéd in the same
way. Moreover, necantigens usually constitute oniy a

25 minor source of peptides for MHC-dlgss I directed



of these proteins and the presentation of neoantigens in 15 _association

with MHC prwbosns23en the cell surface. Despite the aboRel/GB23N268L, 4
I mmunogeni ¢ consequences of aberrant gene expression, the natural
Fnmune response nmounted to conbat infected, aberrant or nmalignant
cells 20 is often inadequate. Although tb@_reasons for this failure
are not fully understood, it is thought that neoanti gens are often
treated by the pﬂBEBS;iﬁQQe@ﬁE5so neééﬁéﬂ@eﬁpﬁibﬁbﬁsihb'@%&3§¥H§éﬁtatlon
tolerated in the sane . Moreover, hneoantigens usually constitute

only a 25 m ngaySBar ait%nﬁqw | {GRef £ 06 i hE: CFRARLL 'ﬁ.ﬁﬁﬁﬁﬂ: enicit
PCT/ GB95/ 02691 96/ 15238 - ¥ 9 4

processing, andappedggatol Wﬁ%é& ﬁﬁd?afesayt ehleortusne Bppdein
extrenely inefficient. Finally, imunogeni ci appears to be

determ ned in pahichythBenecantidemeis rbxpresubughahae secda igegans ithat
expressed, and so it seems that 5 tolerance may be greater (and/or
processi ng 8nd tolerancecmayt iben drnsted f {ahdfoy processing @mbue types.

Several approaches have been devel oped to generate nore effective
i mrune r esponsepregentatisine lews efffeiént) oin éértaihi gizsue dypdsy

targets. For exanple, it has been proposed to use antlgens from
mal i gnant cells as vacci nes

Several approaches have been developed to generaie more

effective lmmune responaes against aberrant, infected or
10 malignant cellular targets. For example, it has been

proposed to use antigens from malignant cells as vaccines

to induce'tumour-specific_cell-mediated immunity.

More récently, adoptive.lmmunotherapy has been proposed
15 "as a mode of cancef tiéatment. This mode of therapy is
based on £he transfer of immune cells with antitumour
activity into cﬁnce; patients. The immune cells used are
derivéd'from the cancgr.patient, cultured, and
reintrd&uéed after expansion in tissue culture.
20
Tﬁﬁ#éells used iﬁ adoptive immunotherapy include
lymphokinebéctivatéd killer cells,.tumour-infiltrating
lymphocytes and ;g_g;_;g sensitized lymphocytes derived
from cytotoxlc T lymphocytes.
25



to induce tunmour-specific cell-nediated inmunity. More recently,
adopti ve i nmunot herapy has been proposed 15 as a node of caHCgF greatnent.
Thi s nwWe9e/1s238her apy i S - based on the transfer of i nith '
antit unour activity into cancer patients. The imune cells used are
derived fromthe cancer patient, cultured, and rei ntroduced after
expansion in tissue culture. 20 =10+e cells used in adoptive

i mmunot her apy i ncl ude | ynphoki ne-activated killer cells,

t unour - i nf iLiymphokine-actiyapedckiddematellis idre cybslytiedceliphocyt es
deri ved fromcytotoxic T |ynphocytes.. 25 - = WO 96/15238
PCT/ GB95/ 03d¢ich react with a broad spectrum ofi(karget cells. They

Lynphoki ne-activated killer cells are cytolytic cells ‘which react with
a broad spé¥e MAbMECTrgestricted and, lyse hoth rkumonc-andtnormad and |yse
~ both tunour and normal cells., Therapies based on the use of these
cells 5 ceddd&orBherapiest haseds oo theagse e thesercells killing-.

is acconpanied with significant danage to nornal - tissue. :
Tunour -3 nf thezefore | sefferythe dis o rthat kwmeur 16ellssues. They
are nore potent, than |ynphokine-activated . |,

killing is accompanied with significant damage to normal

tissue.

‘Tumour-infiltrating lymphocytes are deri?edifram tumour

ld tissues. They are more pofentnthan'lymphokine-activated
killer cells and relatively specific fo:_their tumours of
origin, thus avoiding the problqus a£ising.ffqm'non-
selective ablation of norm§1 tissue associated with the
use of lymphokine-aCtivated killer cells. However, the

15 availability of these cells is severely restricted, being
dependent on their natural oécurrénce in tumour tiséues
and their expansion’in_gggzgi Thus, therapies based on
the use of these célls would he-évaiiable in aﬁly a
fraction. of eases; |

20

each of the adoptive immnnothe:apies'di#éﬁsse&
ahové have been shown to'be'capablé of msdiﬁting.tnmour
regression to some extent, thgrapeutic'resp§n398 have |
been observed in only a fewﬁcases (and even then wefe

25 exhibited in only a fraction of the patients treated).



killer cells and relatively specific for their tumours of origin, thus
avoi di ng wWesems®Bgens arising from non- sel ective abl atPEHG Ingl

ti ssue associated with the . use of |ynphokine-activated killer cells.
FHowever, the 15 availability of these cells is severely restricted, being
dependent on their natural occurrence iljunour tissues .and their
expansion in vitro. Thus, therapies based on the use of these CeIIs

woul d be avai lmablifad rbeahy i‘ogosedf r(mh% @a GASeSc19949), pNa¥hi b gh of

t he adoptive i mmunot herapi'es di scussed ove have been shown to

capabl e of MediFE-YB22 06 impro¥eIteeseFEicadPBE eX ocyte-aedihtted
responses have been observed in only a few'cases (and even then were

25 exhi bited itamody ﬂ-;éf ag wagiiipuldtttd®ddf the WO 96/15238
PCT/ GB95/ 02691 - as been - proposed (Moritz et al. (1994), PNAS,

91, pp. &&Hbg&moxh ospepigieithe off dytatoxiic |y hympNéeytedi sbed

tunour therapy by in-vitro manipul ation of the recognition specificity )

of cytotoxdc erndowitivemewith a Seftnedvtummnridelln sipéeiicityour cel |
specificity. Mritz et al. approached this problem by circunventing

t he TcR-based l(emd:z hegte ed D¢ eapblﬁoaeheal thds) prpbddn by \eircumventiagte a
mholly synt hetic "pseudoreceptor™ conpri sing
the TcR-based (and therefore MHC-restricted) specificity
to create a wholly synthetic “pseudoreceptor" comprising
a single chain antibody (to confer binding specificity)
10 joined (via a hinge) to a TcR-complex zeta chain.
Cytotoxic T cells bearing the synthetic pseudoreceptor

were found to exhibit MHC-independent recognition with a

specificity conferred by the antibody component.

15 However, tne.use'of_a wholly synthetic pseudoreceptor
appears to lead to inefficient signal transduction and a
reduction in T cell activity. Moreover, since the
recognition-specifieity of the targeted cytotoxic T

1ymphocytee described in Moritz et al. is MHC-

20 independent, the efficiency of cell-surface scanning by
the-f?mphocytes is likely to be impaired. Finally, the
synthetic pseudoreceptor might itself elicit undesirable

immune responses.

25 It is an object of the present invention to provide



a single chain antibody (to confer binding specificity) 10 joined (via a
hinge) to a TcR-conpl ex zeta chain. Cytotoxic T cells bearing the
synt het WO §&¥23r ecept or were found to exhibit NhC—iﬁﬁgﬂﬂmﬂﬁksl
recognition with a specificity conferred by the anti body conponent.
15 However, the use of a wholly synthetic pseudoreceptor appears ‘to
| ead to inefficient signal transductiepzand a reduction in T cel
activity. Mreover, since the . recognition specificity of the targeted
cyt ot oxi ¢ 1'a1terh;ﬂnhecthegetuunwtxyhp dptes z£6F dse esgVHin 20 '
| ndependent, the efficiency of cell-surface scanning by t he

| ynphocyt es adoptieeyimmuhetherapye drhidinadd ynot hexpressswhioldlyi c
pseudoreceptor might itself elicit undesirable = inmmune responses. 25
It is an objsynthétibteppeuderecepitms orbub mrevidetead targeted via

PCT/ GB95/.02691 WD 96/ 15238 -12-

al t er nat i ve TcRyjewhich ayapbscpm&;aliytsmmzlgr in structdwpgt toe normal

i unot her apy whi ch do not express wholly synt hetic pseudoreceptors
but are PnstReRe ¢ dfhet sormad signalcRransductiencpathwayl iy thereforen
structure to nornal 5 TcRs. The nornmal signal transduction pathway is
therefore presprvedvaudatbet rdskssiof gindesitsablel imnunenresponsesecs

m ni m zed. Moreover, the targeted T cells of the

minimized. Moreover, the targeted T cells of the
invention are MHC-restricted so that they can efficiently
scan cell surfaces for aberrant antigehs. ' ‘
Accordingly,-the'present invention provides a.tergeted
cytotoxic T lympheéyte'havihg e3TeR comprising
heterologous o and f3 polfpeptides', which heteroclogous
polypeptides confer on the lymphocyte MHC Class I-

15 restricted'specificity'for diseese—causing target cells.

As used herein the term "heterologous c and 8 TcR
polypeptides" is intended to denote o= and B TcR chains
whiehiere not normally expreesed in the T-cell. In one

20 nt, the heterologous TcR poiypeptides are

Shepre

chimae:al or synthetlc moleculeS'derlved from the _

expression of recombinant or wholly synthetlc_DNA. In

other embodiments the heterologous TcR’poiyﬁeptides ere

derived, directly or indirectly (e.g. via a TcR gene -
25 1library), from another T-cell. The other T-cell ﬁay



Fnvention are MHC-restricted so that they can efficiently
surfaces fWOIS2IBant antigens. 10 Accordingly, the prgg?@?ﬁgéﬁt i on

provi des a targeted cytotoxic T | ynphocyte having a TcR conpri sing

Het erol ogous [err] and [err] pol ypeptides, which heterol ogous

pol ypepti des confer on the | ynphocyte Md@3slass |- 15 restricted

specificity for di sease-causing target cells. As used herein the term
"het er ol ogous fieself del derj:\}edTﬁfbm a%pebw . s 'lomy iag edtled to

denote [err] and [err] TcR chai.ns ich are not normally expressed in

the T-cell. | nexpresa@s TcR ardmponents bifcthet seguiged spetifigityt | Hes

are chimaeras or synthetic nol ecul es derived fromthe expr essi on
of reconbi nant exampiiel,l ythe tiser cTEbELLl | may be driomr theh@himenspecies

het er ol ogous TcR pol ypeptides are derived, directly or indirectly
(e.g. via a TcRogeever?tle same)individuad(hcorTfran a Rifiarent T- cel |
may WD 96/15238 = . PCT/ GB95/ 02691
-13- i5% sespepdedor iKtdnsy vdsoybecar Percedd hybg idonia . expresses
TcR conponents of the required specificity. For exanpl e, the other
T-cell may be fromthe sane species (or even the sane individual), or

froma different 5 species. It may_also be a T-cell.hybridona.
The spec;f;clty for dlsease-causzng target cells need not

be abaolute. For the purposes of the invention, it is
sufficient if the specificity is such that any attendant
10 autoimmune-type ablation of normal or non-diseased tissue

can be tolerated by ﬁhe patient.

For'example, in.gircumstances where the diseasé-cansing
cells are all_memhets of a particular tissue which is
15 itself dispensable, it is sufficient if the targeted T
lymphocyte is efféctiﬁely specific for that tissue. This
‘might be the case.where the targeted disease-causing
cells are malignant prostate tumour cells ~ here it is
sufficient if the cytotoxic T-cells are targeted with
20 suff;cient specificity to ablate both normal and
caﬁe%rous prostate tlssue (whxle other tissues are
unaffected or ablated to a lesser and tolerable extent).
Another example is melanoma - although some melanocyte-
specific antigens ilsq appear in certain cells of the

25 retina; brain and inner ear, these latter cells appear to



The specificity for disease-causing target cells need not be absol ute.

For the purposes of the invention, it is sufficient i ificity
i s suchWO/15338 attendant 10 autoi nmune-type abl ation M@ﬁ@&ﬁr -

non- di seased tissue can be tolerated by the patient. For

exanple, in circunstances where the di sease-causing cells are al

menbers of a particular tissue which +34=15 itself dispensable, it is
sufficient if the targeted T | ynphocyte is effectively specific for

that tissue.bé&hless sensiglivebda iomunethecapytbasedr gat &#edi sease- causi ng
cells are malignant prostate tunmour cells - here it is - sufficient if ;
t he cyt ot oximelanecyteaspecifjct antidgen. 20 sufficient specificity to |
abl ate both normal and cancerous prostate tissue (while other tissues E
are unaffected or ablated to a | esser and tolerable extent).

Anot her exanple is nmelanoma - although sone nel anocyt e- specific

anti-gens al fholhesrsituation whexe ahgoluke specificiby may nodnde nner -.
ear, these latter cells appear to . WO 96/ 15238 .

PCT/ GB95? 02@&eauired arises where the normal tigsue coupterpartsefsiaive

-t o i mmunot her apy, based on the mel anocyt e- specific anti gen.
Anot her si t RAFTIFHIAF cLEBOBFUSEPHARS MHG (Glags hottpextremely low

levels, thereby shielding it from cytotoxic T-cell

attack.

10 The term "disease-cansing cell® is used herein'in a broad
sense to denote not only cells which are'directly
involved in disease (for éxample tumour cells or
autoimmune cells) but also cells which are associated
with the progression of disease or which help promote or

15 maintain the disease state (for exampie vifally-infectéd
cells). It therefore covers anj céll which.is aberrant
and deleterious to the heglth of the individual in any

way.

20 '!m argeted cytotoxic T lymphocyte of the invention is
prifeﬁrab‘ly recombinant, being for example t_:ra;nsduce_d with

a viral vector.

The targeted cytotoxic T lymphocyte of the '_inve__ntion is
25 préferahly monovalent with réspedt to the targeted cells,



6 required arises where the normal tissue counterpart of a Particular
tunmour exprwewelisidsCl ass | at extrenely | ow | evel s, ther BE¥ ?ng
it fromcytotoxic T-cell attack. 10 The term "di sease-causing cell"
fs used herein in a broad - sense to denote not only cells which are
directly i nvol ved in disease (for exapgle tunour cells or

aut oi mune cells) but also cells which are associ ated with the

progression of GakdaRf £rsifiglé BpeRiRsOYE TcR cobfémtiigi MEChCldsscase
state (for exanple virally-infected cells). It therefore covers any

cell which is ahwstanicted spedifitbityr ifois d Ginyldarlads obft bargeti vi dua
I n any way'. 20 The targeted cytotoxic T | ynphocyte of the

invention is  celsf Sudh ymonovabentnlyniptiotytes nmyripé egénenatieded.ygit h
a viral vector. - The targeted cytotoxic T |ynphocyte of the invention

is 25 preferablby roephettng vtahheesnhﬂh hmp@kemeutxngilthélses;dentVWbr
96/ 15238 PCT/ GB95/ 02691

-15- ha&i nemicgemnes spaci ando8 ¢haitonjenes witltihetexsslogous < and
restricted specificity for a single class of target cells. Such

monoval ent | ynpoclhainseyonfegringathe xeguired specifiaityg (rather than
suppl enenting) the resident (or

Monovalent lymphocytes of the invention may also be

generated by downregulating or blocking the expression of
10 the endogenous TcR by ahy of the wide range of techniéues

available. For example, targeted insertional mutagenesis

may be used to disrupt the endogenocus TcR genes.

The use of monovalent lymphocytes avoids problems arising
15 from the formation of mismatched (and therefore inactive
and/or non-selective) o« and 8 dimers. The formation of
such inactive heﬁerodimgrs reduces the effective cell
‘surface density of the TcRs which may impair or prevent
target cell recognition and lysls. By ensuring
20 mpnovalency of the lymphocytes of the invention, the cell:

-S.'it

suzfaée density of the TcRs is optimized.

However, in some circumstances it may be preferable or
convenient to provide polyvalent cytotoxic T lymphocytes

25 which have two or more distinct species of TcR which



5 endogenous) [err] and [err] chain genes with heterol ogous [err] and

[err] chains conferring the required specificity. ' _

| ynphocyW@P685238he i nventi on may al so be . gener at ed by ﬁting

or bl ocking the expression of 10 the endogenous TcR by any of the w de

range of techniques avai | abl e. For exanple, targeted insertional

nmut agenesi s - may be used to disruptl@se endogenous TcR genes.

The use of nonoval ent |ynphocytes avoids problenms arising ‘15 - fromthe

f or mati on -of tagethanhatonfer MHErGlase Irvrestiicted specificbbysEbective) :
[err] and [err] diners. The formation of such inactive heterodiners :
reduces the &MWee®z more|tclassessoff fargednsalis Such Tpedyvalehtmy 5
i mpair or prevent ~target cell recognition and lysis. By ensuring 20
nonoval ency dymphocytesougy cbeogenpratede e.iaon by supplementingurface
density of the TcRs is optimzed, However, in sonme circunstances it

may be pref el@@they than replaeing) thepresidento qandB ghaisg with

| ynphocytes 25 which have two or nore distinct species of TcR which

WO 96/ 15538 ~one or more pairs of heterologous cp@End®zhaing

- 16- t oget her confer  MHC O ass |-restricted specificity for t wo
~or nore cl asSORIGTRiRg cthe crequirednsperyificdty . The polyvalent

targeted cytotoxic T lymphocytes of the invention may
find particular application in circumstances where it is
necessary to tatget two or more diatinct_classeé-of

10 target cells.

Where the targeted cytotoxic T lymphocyte of thé
invéntion is polyvalent, the heterologous « and!B TcR
polypeptides are"preferablj-prdvidéd'as A_single fusion
15 '-polypeptide._This'preventﬁ-thé férmatiqh of misﬁatched
(and therefore inactive and/or non-‘-select_:iw’re) « and 8
- dimers, so avoiding the problems associated with reduced

effective cell snrface-TcR'densiﬁy'deécrihed above.

20 gﬁﬁf%érgct“cells preferably éampriée tumbﬁ:lcel;s,'immune
.é;Ili;contfihuting to an aﬁtoimmune response and/or cells
_infected with a pathogen (and in particular, virus-

infected cells). Ih“a-particulafly.prefef:ed embodiment
‘the target cells comprise BIV-infécted'lyméhocyfes. Other

25 viral infections include hepatitis (e.q. hepatitis B,C



t ymphocytes may be generated e.g. by suppl enenting (rat

r epl aci ng)wﬁﬂﬁylﬁéﬂi dent [err] and [err] chains with 5 ongéyélﬁg@%‘%ai rs
of heterologous [err] and [err] chains conferring the required
Specificity. The pol yval ent targeted cytotoxic T |ynphocytes of the

i nvention may find particul ar appl +&3@ti on in circunstances where it is
necessary to target two or nore distinct classes of 10 target cells.
Where the tar geR@dNANB): andc viraldyoinyduced Barckitt’si dymphosa i s

pol yval ent, the heterologous [err] and [err] TcR pol ypepti des are
preferably provided as a single fusion 15 polypeptide. This prevents the
formati on of m smat ched (and therefore inactive and/ or non-sel ective)
[err] and [errThe hetarpipgous, v and f TR ppebypaptidescmavedei t h
reduced effective cell surface TcR density desgri bed above. _ 20 _ The
target cells (FRIBRQELG,cBRF may far axample Comprhse an imguneglobulin
contributipg to ap autoi.mmune response and/or cells i nf,ected with a
pat hogen (lujY?Fh%?f?cGPEP}nVPFUgragmen?rﬁhﬁ?%%fcespgy.°Bﬁm&e§&th§§%uly
preferred enbodi nent the target cells copprjse,H V-ipfected

| ynphocytes. (#¥Rioibstheip T aephies betwegn fhestitis
BC WO 96/ 15238 ﬁgTéﬁBQS/OZ 91

S17- and FoRETant japd, yariahle, cagiopsof theymnand ains o

the TcR and imhunoglobulin V and C regions. The use of
such chimaeric and 8 TcR polfpeptides may be.

10 particularly convenient where an immunoglobulin
exhibiting the required specificiiy is available or
readily obtainable (for example by raising antibodies to

known or predicted T-cell antigens).

15 In another aspect, the invention also contemplates a
method for producing the targeted cytotoxic T lymphocyte
of fhe invention, the method comprising the steps of: (a)
providing a vector comprising DNA (e.g. DNA derived :rom
a donor cytotoxic T lymphocyte) enéoding c .and B TcR
20 polgpgptides speéific for disease~causing target cells,
andifé) transfecting a recipient cytotoxic T lymphocyte
with the vector of step (a) to produce a recombinant
cytotoxic T lymphocyte'having'DNA encoding &« and 8 TcR
 'polypeptides specific for diséase-causing target cells,

25 whérehy the recombinant'cytotoxic T lymphocyte of step



The heterol ogous [err] and [err] TcR pol ypepti des may be - chi'maeri c,
and may for exanple conprise an immunogl obulin 5 wvariable domain or

fr agme'WO®®3238f . Such chi maeric TcRs expl oit the clBCSHCEIVEY 3
simlarities between the - constant and variable regions of the [err]
and [err] chains of the TcR and i nmmunogl obulin V and C regions. The
~.use of such chinaeric [err] and=f8~r] TcR pol ypeptides may be 10
particul arly conveni ent where an i mmunogl obulin © exhibiting the

requi red spébjf expressesatid ONE encodingreadangd ght TeRalped ypept kdeml €
by raising antibodies to known or predicted T-cell antigens). 15

| n anot her tependowt the dymphooyte seithnMBGpClass I restnimtiedl f or
producing the targeted cytotoxic T |ynphocyte of the invention, the
net hod conpspecihfichitysands tiferghy targepriti ionthe terget ceddssi ng DNA
(e g. DNA derived from a donor cytotoxic T l'ynphocyte) encoding [err]
and [err] TcR 20 pol ypeptides specific for disease-causing target cells, -
and (b) transfecting a recipient cytotoxic T |ynphocyte . Wth the
vector 8f sThe verter pfosier A aldeawibenprovidedybyt sloaind,ynphocyt e
having DNA encoding [err] and _[err], TcR ~ pol ypept.i des specific for
disease-cau%?ﬂﬁmP&FQSt°§éPW§Fh€§}5%%Ew@%y9théYrB@&#ﬁLE&#Pebytotoxic T

| ynphocyt e oI,step WO 96/ 15238 : '

PCT/ GB95/ 0 gonucleotide synthesis) DNA encodipg « and 8 TcR
polypeptides specific for disease~causing target cells.
Preferably, the DNA encoding the o: and 8 TcR

10 polypeptides is cloned by: (a) 6btaining a sample of

donor T 1ymphocyte§, e.g; fram a bqud bank, blood sample
or tumour biopsy; (b) enriching_the.sample of donor T-
lymphocytes for cytotoxic T lymphocytes having |
specificity for disease-causing target cells, e.g. by

15 specifically induced préliferatibn and/or specific clonal

expansion; (c) ektracting.chromosomﬁ; DNA from the donor
cytotoxic T lymphocytes; and (d) isqlating DNA encoding
the o and 3 TcR polypeptides, e.g. by primer-specific
PCR amplification.

20 o
Thé?;ictdr.may be introduced into the recipient cytotoxic
T lymphocyte by auy'sﬁitablé method. Many different.
methods are known to those skilled in the art, including

transfection by electroporation, protoplast fusion or.

25 viral (e.g. retroviral) trahsfecfion.,



{b) expresses the DNA encoding [err] and [err] TcR pol ypepty to
endow t heWO/96it8338/te with MHC-Class | restricted specb?ﬂ@@??@%?

thereby target it to the target cells. 5 The vector of step (a) may be
provi ded by cl oni ng, assenbling or synthesising (e.g. by solid phase

ol i gonucl eoti de synthesis) DNA encodi ngc¥%rr] and [err] TcR

pol ypepti des specific for disease-causing target cells. - Preferably,

t he DNA encod tinyention also[celatescikn B0 furhhgreASRREL| BocAoned by:

(a) obtaining a sanple of . donor T |ynphocytes, e.g. froma bl ood bank,
bl ood sanpl e vectax famise binpthe mpthod: iofhithe tinventisr, ovhighor T

| ymphocytes for cytotoxic T |ynphocytes having specificjty for
di sease- causi NgotRy Qomprises D¥A gpcodings seciand f |TeR mic!éaeptldes

DB Ol FECL L CLPLSIEL sl i i SRR
L0 a1 10 PN U wr OEaed) e opsaby N e Sl e fgennion
ot hod. Nany USSR T '8 LeRiYe (L APEOR R Fr RIS TY aF | Hhen el
1OLud 19 e aaela n DYl Echi 09U, aRhoLoR S du b 2R hy 32
PCT/GBQS/OZGg%xpression'elements may be used and the element(s) may
take any form so long as they can (under at least some
10 circumstances)'be made to direct and/or control the
expression of the geneé with which they are operably
coupled. The e#preésioﬁ'element or elements may for
example comprise transcriptional and/or translational
elements, and include promoters, ribosomé binding sites,
15 enhancers and regulatory sites including activator and
repressor (ope:atbr) sités. By way of example only, the
expression elemeﬁté for ﬁse in the invention may bé
selected from thoSefnatutally associated wifh the o
and/or 8 TcR peptide genes.
20 | |
Coriveniently, the vector of the invention is a viral
vector, being for exaﬁple.baséd on simian virus 40,
adenoviruses (e;g. human'adenoviruses), retrovirusés, and
papillomavirus. | o

25



-19- The invention also relates in a further aspect to a vect or
for use in the nethod of the invention, which vect oi,sf%%sgs DNA
encodiW@ 9633238 and [err] TcR pol ypepti des specific R 2691
di sease-causing cell. The DNA of the 5 vector may preferably be operably
| i nked to an expression el ement or elenments to provide for expression
of the TcR pol ypepti des at sui+2f+e | evels. Any of a wide variety of
expressi on el ements may be used and the el enent(s). may take any form
so | ong aSheherector (magefuzrtheraciomprisesO(afi acpositives) be made to
di rect and/or control the expressi on of the genes with which they are
operably selechkalnlednafkerexphes siankext cfuntexamplenbeingnaeliected
exanpl e conprise transcriptional and/or translational el enents, and
i ncl ude prigiem aesmycinsphosphotrapaferase, Mygromyeinrs and regul atory
sites including activator and . repressor (operator) sites. By way of
exanpl e oFhpsphatransfexpsessxanthineguanine phosphoribosylention may be
selected fromthose natural |y associated with the [err -..and/or [err]
TcR pept i d&anaferasep the Herpesnisimplex tvicusctypeol thymidisstion is a
vi ral vector, being for exanple based on siman virus 40,
adenovi r ukdnase g adgpine ;nhasphoribosyltnansiexase andg |
papillonax{rus. 25 - - . ' '

- hypoxanthine phosphoribosyltransferase and/or (b) a

negative Selegtable-mgrker, the mafker for example bein§
selected from Herpes simplex firﬁg type 1 thymidine

10 kinase, adenine-phosphoribosyltransfetase,-hygromycin
phosphotransferase #nd-hypoxanﬁhing_-

phosphoribosyltransferase.

The use of a positive selectablé_ﬁarke: facilitates the

15 selection and/or“identificatiqn ofltténsfe@ted T
lymphocytes, whereas the presence of a negative
selectable marker permits-thg-subsequént élimination of
the transfected T célls either ;g;giigﬂor ig;ziggg-(fOr
example if un&esirable side efiécts“ﬁriée);

20

_ﬁddifof'plasmid prepardﬁidn~éb as to produce
conafructs to allow the transcription and translation of
e.g. the a and B units in mammalian Eélls, and in
particular, in the engineered cytotoxic T-lymphocytes,

25 are well known to the man skilled in the art.



YO 96/ 15238 - PCT/ GB95/ 02691

- 20- wooenaszsor may further conprise; (a) a positive  PCT/AGBI®G268D| e
mar ker, the marker for exanple being sel ected from neonycin
phosphotransferase hygronyci n phosphot r ansf er ase, xant hi neguani ne
phosphori bosyl 5 transferase, the Hewpgs sinplex virus type 1 thym dine
ki nase, adeni ne phosphori bosyltransferase and hypoxant hi ne

phosphor i bosyl Ar pazticulardns/ sivdttagecus veetsr expreswisbctiaiera t he
mar ker for exanpl e being sel ected from Herpes sinplex virus type 1

thym di ne 10 ahkdnfsehadtmniumddiosipdocohteplt binaf eingle pPromotert N
phosphot ransf erase and hypoxant hi ne phosphori bosyl transf erase. -

The use of a pBartiealasilecipreferred caréaprombters specific fvr@+oell
and/or identification of transfected T - | ynmphocytes, whereas the
presence of a angdbrve-cell:grennrtorvpmmgenxpernceiltbspmdnaﬂpnynand
el imnation of the transfected T cells either in vivo or in vitro (for
exanpl e i f Sundther abhetsutt s iz tbve cseparatedOby a podidowdirusldenxfivedisni d
preparation so as to produce constructs to allow the transcription and
transl ation oflnternalgrﬂbmsqnal]ontty[emte (ERES) i.n - ThendIRES" aldldws and
I n particular, in the engineered cytotoxic T-Iynphocytes, 25 are
wel | known to twe aaparhtH¢genetidmek§ments to be expressed under the
control of the same promoter/enhancer element placed at
the 5’ end of the sequence.
10
The vector may advantageously be a retroviral vector.
Retroviral transduction of mammalian cells is very
‘efficient and can be used to transduce human cells with
genes such as the a and B chains of a selected T-cell
15 receptor. The retroviral vector preferably has a
specific 3’ LTR deletion. Upon transduction with the
vector of the cell to be engineered, and the vector’s
reverse transcription to form proviral DNA for subsequent
incorporation into the hosts genome, the 5’ LTR
20 pronoter/enhanoer element activity would be lost. This
wouiﬁ,allow express;on to be placed under the control of.
selected promoters, thus permitting cytotoxic T-cell-
specific expression (Yu SF et al 1986 PNAS USA 83 3194).

If vector size constraints are too limited in such a

25 retroviral vector, however, alternative vectors such as



WD 96/ 15238 - PCT/ GB95/ 02691

-21- A particularly advant ageous vector expresses both the and
B chai nsWo#%685238he control of a single pronoter. Partm@?%ﬁ’l )
preferred are pronoters specific for T-cell : and/ or T-cel

precursor/ progenitor cell expression, and 5 the constructs may be
separated by a poliovirus derived =22« ernal ribosomal entry site
(IRES). The I RES all ows two separate genetic elenents to be expressed
under the adeponmad wsictors wowldrakeocbecohansideredsnent pl aced at

the 5° end of the sequence. 10 The vector may advant ageously be a
retroviral vector. Retroviral transduction of mammalian cells is very
efficient and can be used to transduce human cells wth genes such as
the a and B Thei $argeted aykatexic (B lymphorytes: and vestans ®F rehevect or
‘preferably has a , specific 3' LTR deletion, Upon . transduction with the
vector of thinvepticn find, appkicatienjinnwayieug, forms of Lherapy, :
transcrigtlon to . formproviral DNA for subsequent incorporation into
the hosts gefBRein parbiqular in sdepbive immunetherpp¥enThe:tivity woul d

be lost. Th would a] | ow expression to, be_placed under-the control

of selet%EHhBFﬂﬁﬁFbﬁﬂdtﬂﬁEF M¥ei particslarly wseful in  specific

expression (Yy SF.,et al 1986 PNAS USA 83 3194). | f vector, size
constraints 3389568%iﬁﬂqﬁafﬁhP%&Rxl%Pmprlslné,the steps of; (a)

removing cytotoxic T-lymphocytes from a patient and
| optionally selectively expandihg tﬁem in tissue culture,

10 (b) transfecting the cytotoxic T lymphocytes removed in
step (a) with the vector of the.inVention to produce |
targeted cytotoxic T lymphocytes, ahd3(c) reintroducing
the targeted cytotoxic T lymphocytes of step (b) into the
patient.

15
In the method described above, the T-lymphocytes used in
the adoptive'immunotherapj'are autologous. This has
particular advantages, because it éﬂsuﬁes'that the T~
lymphocytes have the appropriate costiﬁnlatdry and

20  §@ﬁ;qipn'factbrs neééssarylfor efficient recogniﬁioh of

tﬁ:get cells after reintroduction into the ﬁétient,

The therapy may be applied to cancer patients, AIDS
patients, individuals suffgring from an aufoimmune

25 - disease or immunosuppressed individuals (for example



25 retroviral vector, however, alternative vectors such as WO

96/ 15238 w0 96/15238 PCT/ GB95/ 0269 1PCT/GB95/02691
-22- adenovral vectors could al so be consi dered. The targeted
¢ytotoxic T | ynphocytes and vectors of the i nvention find application
in various forns of therapy, 5 and iwmzgarticular in adoptive

| mmunot her apy. The | ynphocytes and vectors are particularly useful in

adopti ve i nmunbhdividualebeadiily tdtrdspplantedadrgan) safPering Wt Oxic
T-1ynphocytes froma patient and optionally selectively expandi ng t hem

in tissue cul topportifiistik tinBedteidnng the cytotoxic T | ynphocytes
renoved in step (a) with the vector of the invention to produce

targeted cytotoxic T |ynphocytes, and (c) reintroducing the targeted
cytotoxic T | ynphocytes of step (b) into the patient. 15 In the
met hod descr i HEhie abargetetde ctiotoxicr VP chympldcytes andt wrectdamt iofe the
| mmunot her apy are autol ogous. This has particul ar advant ages, because
it ensur es5t hainvertion alsol \frimidh appdsi deivion has apacopnest cecgst ifad at ory
and 20 adhesi on factors necessary for efficient recognition of
target cells @xephyltacticduse dm iindividuabsiatthigh risk of disease.
Examples of such high risk individuals include
individuals predisposed by genetic or environmental
factors to disease (e.g. cancer, AIDS or hepatitis). For
10 example, the T-lymphocytes of the present invention could
be used to provide immunity against AIDS of the typé
disclosed by Rowland-Johes et al. (1995), Nature

Medecine, Vol. 1 (1), pages 59-64.

15 The invention will now be.describéd in more detail by way
of specific ekﬁmples of proposed protocols which are
believed to be practicable (with or without
modification). These examples are not intended to be
‘taken aa 1imiting_in any Qay.

20

Cloning of T cell receptors has historically relied on
the formation of cDNA libraries from the T cell carrying

25 -the receptor of interest. This has meant that for each T



The therapy may be applied to cancer patients, AIDS patients,

I ndi vi I fering froman autoi nmune 25 disease or igﬁ&gﬂﬁﬂg@gessed
indivigﬂgl r exanpl e WO 96/ 15238

PCT/ GB95/ 02691 © - 23- i ndi vi dual s beari ng
a transpl anted organ) sufferlng an opportunistic infection. The
targeted cytotoxic T Iynphocytes amTZAnnors of the 5 invention also

find application as vacci nes, pr.ophyl actic use in individuals
at high ri $eldi recapker a neWEs?Hnbl é@b@;ﬁrgumqnw rtabe made ixem

I ncl ude i ndi vi duaJ s predi sposed_by .genetic or. environpent al

factors totiesRPRFQRrIate glepal epdlyline; which isa tiBecxanple, the
T-1 ynphocyt es of ,the present invention could be used to provide

i munity aGQReUMinPrACess. (ype di scl osed by Row and-Jones et al.
(1995), Nature Medeci ne, Vol. 1 (1),: pages 59-64. 15 The invention
w Il now be described in nore detail by way of ‘specific exanples of -~

 lichouts PEOVESRE, BRSvRES “thesaeBRa pYoths SR BULHLIEROF bR T
ltaken as lc@i&'@%cepfgy;wgyandzg, there a”g reéxona é% seq&hnce
identity. These are knowh as the constant regions and
are found in every a and B'subunit'gene. The sequences
for these regions can be found from published data of
10 cloned T cell receptor subunits, and by compafing these
it is possible to identify conStant”regions of sequence
identity. Although-thesg-regiona are called con#tant
regi@ns, analysis has shown that there is some Variatién
between constant regions that have so far been cloned.
15 However, small regions of consistent sequences can be

identified within a receptor subunzt.

Using these. regions it is possible to élbne.the full
length a and B subunit tranacrlpta by a method known as
20 .anu;sc_polymarase chain reaction (PCR) described by
Ochmnian et al {Genetics (1988) 120: 621-623). Thzs method
relies on the ability of cDNA, derived from mRNA, to be
circularised and using Pcn-primers'désigned agaiﬁst_thé
known sequence of the transcript, amplify the whole cDNA |

25 by chain elongation across the uncharacterised region of



Cloning of T cell receptors has historically relied on t he formation
of cDNA | iWw0a615238fromthe T cell carrying 25 the receptor BFV/CRI6YL
This has meant that for each T WD 96/ 15238

PCT/ G3B95/ 02691 - 24- cell receptor a
new cDNA library has had to be nade froms=- the appropriate clonal cel
line, whichis atine consum ng process. 5 However, between the

genes of the the virculsrisedDNA. Howetler rtheedesulting] PCRdpfodutts
there are regions of sequence identity. These are known as the

constant regi des notl give the &sagtiénce ofcinteredt aixl flee r¢ospechit gene.
The sequences for these regions can be found from published data of

10 cloned T odilentatcinmw; anduittis thereforenmdemsdhesto clonetthe
possi ble to identify constant regions of sequence |, identity. Although
these regi ons PaRe pxadurk s obst aegquence tbgunnsUsmngyhhs seguehocendatat
there is sone variation bet ween constant regions that have so far been
cloned. % Héwdsepossible rtgi visualisenshe sequangeninsthancorrect
identified within a receptor subunit. Using these regions it is
possi bl e to clorientation|and desigyt hozmald PCR primensito tamplifyptheby a
met hod known as 20 inverse polynerase chain reaction (PCR) described by -
Ochman et al fuddndiength 1@!89 inotheocogrert opientation. These cDNA

clones can then be cloned into expression vectors for
further manipulation. |

10 |
Since the inverse'primeia.have been designed against a
constant region, the same methodology and primers can be
used for differéht T cell cionés. This significanfly
reduces the cell number requirements and increases the

15 speed and efficiency of TcR cloning.

The method can be-summafized as follows (see Figures 1 to

3):

20 1) ';?btal RNA is isolated from the T cell clone of
Tﬁ;ﬁigrest usiﬁg Trizol reagent.
2) _cDNA is prdduced from the total RNA by reverse
transcription using an Oligo dT as the primer for
" transcription.

25 3) Second strand synthesis is achieved by DNA



relies on the ability of cDNA, derived fromnRNA to be circul ari sed
and using PCR priners designed agai nst the known sequence of the
transcW@®6/15a®| i fy the whole cDNA 25 by chain el ongat i RrR/GBIVRE9%; he |
uncharacteri sed regi on of WO 96/ 15238

PCT/ GB95/ 02691 _ - 25- the circul ari sed
DNA. However the resulting PCR produe2é- do not give the sequence of
interest in the correct orientation, and it is therefore necessary to
cl one the FEmlymetases 1t dnsdhepresence ofi R§asecHsSquereatsata 5
it is possible to_visualize the sequence in the correct orientation
and desi gn nor neRickr pnAngaps drarhhe thybnidised mBNA stmend,cBhdchn t he
correct orientation. These cDNA ~  clones can then be cloned into
expressi on vect dPEOYédes 3'-OF primingipitesi for DNA synthesise t he

I nverse prijters have been desi gned agai nst a " constant region, the sanme

met hodol ogy*land {AFeuiarigation is pexformed with TADNA ligpse dmea This.
signifigantly ., reduces the cell nunber .requirenents and_increases the
15 speeg and” ef fit18ReyDYR eopcentration that Zavonrsnthecfrrmatiomari zed
as follows (see &gures 1 to |, 92: 20 1) Total RNA is isolated
fromthe T cell opengmeric circles. .

§) Linear cDNA is then réhoved by tréatment with
-exonuclease III. |
6) Using the resulting closed circular cbuA, the
10 transcripts of interest are amplified by inverse
PCR. The inverse primers are deéigned in such a way
~ as to initially replicate thé.CDNA.in_opposite
directions (as shown on Figure-i) giving linear
products. These products then rgplicate as expected
15 with normal PCR methodology. -
7) The PCR products are separated on an agarose gel and
several of the 1érgest.bands.#re éxciaed framrthe

gel and purified. The purified products are then

used in a further PCR reaction. However, as a
20 :éggtrql, normal PCR primarsfdesigned~to.amplify a
?;ﬁo:t'length of the cdnstant région of one of the T
cell receﬁtor'suhunits, are.use&,. As the fragments
obtained from the inverse PCR.will_contain constant
regions, if they are truly T cell receptor subunit

25 transcripts, normal PCR usiﬁg these primers will



interest using Trizol reagent. 2) CDNA is produced frgﬁghggphgﬁa
RNA by r eWer 9615238 transcription'using an Adigo dT as for

transcription. 25 3) Second strand synthesis is achi eved by DNA
WO 96/ 15238 PCT/ GB95/ 02691
- 26- polymerase 1 in the presepgge of RNase Hto create
ni cks and gaps in the hybridi sed nRNA strand, which provi des 3'

-OH primng sites fampwlﬂ&ysssndlﬁaﬁ-agmenté)whzéhrcahabes&wmmssemardmr med
with TADVA ligase ina 5 - . dilute DNA concentration that favours the
formation anf agarose igelc r Fragments whichldidanotDigivies idrmal
renoved by treatnment with exonucl ease 111. 6) Using the
resulting cl osed ciPcnlprodDN&s1ﬂhen¢ﬁnp11fleﬂraasngiphs apﬁnﬂpni&teare
anplified by inverse PCR - The inverse primers are designed in
such a way noa'maﬂ.opmmana Ido gk i cepresantcoliones ofpdsiterest
directions (as shown on Figure 1) giving |inear products. These
products t Ben repl i sndeare discansed. s wi th normal PCR net hodol ogy.
7) The PCR products are separated on an agarose gel and severa
of the |argest8bandTher rempadining finagments can be cjonedndngor ithee @A The
purified products are then

vector (available fram Invitrogen) which is a
plasmid vector which relies on the 3’ adenylation
sites created during each round of replication by

10 Taq polymerase, to incoréorate the PCR product.
Compefent bacteria are then iransformed-with the
resulting plasmids, and transformants selected by
ampicillin reaistaﬁcé. Plasmids with inserts have a
disrupted lac Z gene and thereforeiappear white when

15 - plated on nutrient aqa:‘contgining X-gal.

9) Confirmatory digests are carried out on mini-preps
of plésmid DNA from the selected clones. Selected
clones are then expénded and large scale plasmid
pteps'afe made for automated seguencing.

20 “ane the seqguence data.has been obtained it is

3"§Buaib1e to distinguish the correct orientation of
.ﬁhe transcript by identifying'fhe start codon ATG
(aee.Figure~2 for moré explicit explanation). Using
this data it is then possible to design PCR primers
25 to amplify the whole transcript from the original



used in a further PCR reaction. However, as a 20 control, nornal PCR

primers designed to anplify a short length of t t reglon
of one VW9 %/H23% cell receptor subunits, are use%’e"gg%gﬁ

fragnents obtained fromthe inverse PCR will contain constant
regions, if they are truly T cell receptor subunit 25 transcrlpts
nor mal PCR usi ng these primers will =28= WO 96/15238

PCT/ GB95/ 02691 =27 anplify short
fragment's whi ch imeaxr cDHAapreganatlon from the Tgeedleciohe.Fragnments
whi ch did not give nornal . PCR products when anplified using the
appropri ate These gannthepr bee cd anechdintem ceaniety| ofievectorster est
5 and are di scarded. 8) . The renmi ning fragments can be cloned
into the TA including: enkazyatislexpression veet@rs. vhich is a

pl asmid vector which relies on the 3' adenylation sites created
during . each round of replication by 10 Taq pol ynerase, to

i ncor por at e .t he PCR - Conpet_ent bacterla are_t hen
t ransf of medtidh a%{ble to use, thiis methadeingy fon@tlimitiesstnt s
sel ected by npicillin resistance. Plasm ds mnth |nserts have a

di srupt ed I"él!"hf’@e‘ﬁ% %r@%ﬁe?@?ﬁpe%pﬁé@“mﬂve p¥Ridimg the ) ated on

nutrient agar containin gf Confjrmatory, digests are carried
out on ni nABR%QRriate clones are available, without the need

for designing new primers (except for the amplification
of the full length transéripts at the end of the

10 progedu;e); In addition the wholeﬁprocednre can be
carried out in a matter'of.daYs, as opposed to weeks in

the case of cDBA"lihtar? generation.

E le 2: -Constr ét‘on o' ot cells té eted t

15 <the -1 melanoma anti

Cytotoxic Tflymphocytes recogniziﬁé'the MAGE~1 gene
product MZ2-E (see e.g. Chen et al. (1994), PNAS 91, pp
1004-1008; Van den Eynde et al. (1989), Int. J. Cancer,

20 44,,99 634-640; van der Bruggen et al. (1991), Scienee,
.254, pp. 1643-1647; Traversari et al. (19?2),_
Immunogenetics, 35, pp. 145 -152; Traversari g;_;;.
(1992), J. Exp. Med. 176, pp. 1453-1457) were collected
and their DNA extracted. o

25



of plasmd DNA fromthe selected clones. Selected cl ones are then
expanded anwwé sé/gaazscal e plasm d preps are made for RGN 1
sequencing. 20 -10) Once the sequence data has been obtained it is
possible to distinguish the correct orientation of the transcript
by identifying the start codon ATG =29= (see Figure 2 for nore
explicit explanation). Using this data it is then possible to
desi gn PCR pri nAr complementary DN®| librape whasl eonstructed from the

ori gi nal WD 96/ 15238

PCT/ GB95/ 02691 extracted DNA using a lambda gt2l- vector. ConplementdiyA
preparation fromthe T cell -clone. " These can then be cloned into
a variety of veBNBr{cDNA) clones rencadingecthear pot ande3pchadins waxe cthen
5 It is posible to use this nethodology for alimt)ess nunber of T
cel | receptor sisodated medrgiiog and 3 chaippcopstans-regilan cl ones are
avai |l abl e, without the need for designing new priners (except for the
anplificati &n hybridizesion ipyahes rdescnibedpin e.g.hdembiciet al. 10
procedure). In addition the whole procedure can be carried out in a
matter of days, (3985 pYasune 3¢k PPy 271-27BcapdsSnodozrmms |athrak.

generati on. Exagple 2: -Construction of cvtotoxic T cells targeted
to (1985) Nature 315, pp. 232-233. The procedure used was

similar to that described in Dembic et al. (1986) Nature,
320, pp. 232-238.

10 |
The genes.for both o and 3 chains were then cloned into
a cosmid vector in the same transcriptional orientationm,
together with the'neumycinéresiqtance gene as a positive
selection maiker. Appropriate expression elements were

15 functionally coupled to the o and 3 coding sequences to

ensure efficient expression.

The cosmid vécﬁor containing the o and 3 chains was then
transferred by protoplast fusion into a suitable

20 rqgipient cytolytic T cell hybridoma to yield a
rc;;ﬁhinant chell hyﬁfi¢qma having 5pecifici£y for the

MAGE-1 gene pfoduct.

‘Those skilled in the art will realize that the above

25 described method can be readily adapted to the recovery



15 the MAGE-1 nel anonm anti gen Cytotoxic T-1ynphocytes recogni zi ng
the MAGE-1 gene product MZ2-E (see e.g. Chen et alméiég%}am- NAS 91,
pp WO9/t2381008; Van den Eynde et al. (1989), Int. J. , 0 44, pp
634- 640; van der Bruggen et al. (1991), Science, 254, pp. 1643-1647;
Traversari et al. (1992), | mmunogenetics, 35, pp. 145-152; Traversari
et al. (1992), J. Exp. Med. 1980=pp. 1453-1457) were coll ected

and their DNA extracted. 25 WO 96/ 15238 - . ) '

PCT/ GB95/@mbouransfer of other TcRs, and can beogappliedawdghy| enentary DNA
library was constructed fromthe extracted DNA using a | anbda gtl|
vector. @Pprepshateymodifigeticastgo ArYicEeehBd8RkgCYROtE%XARd TS chai ns
were then i solated using o and 3 chain constant-region 5

hybri di z8bh PPPBEAT&EBeribed in e.g. Denbic et al. (1985) Nature
314, pp. 271-273 and Snodgrass et al. (1985) Nature 315, pp. 232-233.
The procedure used was simlar to that described in Denbic et al. -
(1986
chain

ﬁgistance
2178 _

expressing the i uen virus.

Human whole peripheral blood mononuclear.cells (PBMC),
10 derived from a class 1 MCH HLA-A2 blood donor, were
prepared and cultured in-vitro in st#ndard medium in the
presence of Flu peptides'kndwn to be présented in a HLA-
A2 restricted fashion. Thus, antigen.preﬁenting_cells |

were formed.

15
Alternatively, antigen presenting'cells can be formed by
the addition of peptide to a population of dendritic
cells isolated from a HLA-A2 restricted donor.

20 ';ﬂﬁﬁfhgurs incubation with peptide, the PBMC’s were

addh%?#&lénilcna-cells derived from a recently influenza
immunized human donor, also of the HLA-A2 class 1 MHC
restricted idiotype. The CD4/CD3 cell population deﬁived
from the immunized donor was plated in limiting dilution

25 (100 down to 1 cell) in microtitre plates and left in the



«sel ection marker. Appropriate expression elements were 15 functionally
coupl ed t ¢ bg1s2a38 and 3 codi ng sequences to ~ ensure eff iRCREBISN2691

expr essi on. The cosm d vector containing the o and 3 chains was then
transferred by protoplast fusion into a suitable 20 recipient cytolytic T
cell hybridoma to yield a reconbi nagf- T-cel | hybri doma havi ng
specificity for the MAGE- 1 gene product. Those skilled in the
art will real ipreddiite (of mv%‘*é%,"‘f%z 8rdén<§ S OI0<P dfys ewdithy

adapted to the recovery s
PCT/ GB95/ 0269 ppropriate medium changes. The ¥lates were thensfer of

ot her TcRs, and can be applied -wth appropriate nodifications to any
reci pi ent cyt gicpdened for egphhdifputdlonies ofs T-iymphocytes Gehbeht i on
of Human T-I|ynphocytes genetically engi neered o0 express cytotoxic

activity agal represddited activated CD4V/(CDE wdllnzragdble ofrus.

Human whol e peri pheral bl ood nononuclear cells (PBMC), 10 derived froma
class 1 M&R Hréctyriziig dolser antigen presentingdells cand ibeingn-vitro in
standard nmediumin the presence of Flu peptides known to be presented
in a HHA- ~ cytotoxic to them. '

These expanding colonies of activ;ted T—lymphocytes;'
capable of recognising influenza antigen when presented
10 by cells in a class 1 MHC restricted fashion, were then
clonéd and used to prepare complete T-cell receptor a and
B chain sequences as described in Exampie 1.
: Alternatively, other methods of producing and isoclating
‘the a and B cDNA known to the man skilled in the aft_can

15 be employed.

Once isolated,_the cDNA of the a and B chains were then
used to engineer T-cells derived from a non-immune class
1 MBC.BLAEA2 donor. This conferred to the genetically

e

20 eng‘jée:ed T-cells the ability to recognize influenza

inf;‘ﬁéé;ceils in a class 1 restricted fashion and
mediafé cytotoxicity as determined by chromium release

assay.



A2 restricted fashion. Thus, antigen presenting cells were. formed. 15
- Alternatively, antigen presenting cells can be fornmed by K??%ﬁ$§§ddltlon

of pepMAANISE8By popul ati on of dendritic cells isola HLA- A2 ¢
restricted donor. 20 After 24 hours incubation with peptide, the PBMC s
wer e added to CD4/CDB cells derived froma recently influenza

i mmuni zed human donor, also of the M3®7?2 class 1 MHC restricted:

i di otype. _The OQALCDB cell, pulat|on deri ved fron1the7|nnunyzed

The

plates merf'""’ =218.5 oHee—F STRT RS S e .Iynphocytes
whi ch represented actlvated CIm/CIB cells capable of 5 recogni zi ng
the antigen presenting cells and being cytotoxic to them These.

expandighg oni e f actly ocyt es I e ecogni si ng

|nflueﬁga i%ﬁﬁh ?Eﬁf é%nggy EPP??¥?§¥(ﬁéii?]ﬁ*ﬁﬂé)estrlcted

fashi on. i\ £rom C' £6s °0 WHEHr2a)' Yol RS, Sedzs®! | MeoePtOT
prepared and cultured in-vitro in standerd medium in the-
presence of Harvey ras or Kirsten ree“or_N-ras oncogene

peptides known to be presented in a HLA-A2 restricted (

10 fashion.. Thus, antigen preeentingfcelle'were formed.

Alternatively, antigen presenrihg'cellsxeeh be formed by
the addition of the said pepride(s) to e_pepﬁietion of
dendritic cells isolated from a HLA—A2Hresfricted donor.
15
After 24 hours incubation with peptide the PBMC'’s were
added to CD4/CD8 cells derived from a-eeriee ofehumen
donors, also of the HLA~A2 class 1 MHC reetr;cted
idiotype. CD4/CD8 cell populatlons derzved from the
2@ 'donore were plated in limiting dzlutxon (100 down to 1
ceilqe

1 m;crot;te plates and left 1n the presence of the
presenting cells for 10-14 days with appropriate medium
changes. The plates were then screened for expanding
colonies of T-lymphoc?tes which.represented activated

25 CD4/CD8 cells capable of recogﬁizing'the antigen



ferr] chain sequences as described in Exanple 1. Al ternatively, other

met hods of RyeYEEs23§ and i sol ating the a and [err] cDNA kRMOWGB30265
man skilled in the art can ‘15 be enpl oyed. Once isolated, the cDNA
of the a and [err] chains were then used to engi neer T-cel I's derived
froma non-i mune cl ass 1 MHC HLA- A2 r. This conferred to the
genetically 20 engineered T-cells the ability to recognize influenza
infected cells i [ d d“%H e
‘cytotoxicity as ge:t%eargrl;lﬁ':;ligl b‘§/ éoﬁﬁmh§§ﬁ§ gt%'%d.ux:.c £ i WO

96/ 15238 PCT/G895/02691

- 32- Exanpl e 4: Generation of human T-1ynphocytes genetically

engi neered to exghese @ﬁp&ﬁﬁ?a&swﬂ&sa&il Betivatted T-lynptivepeesg a
menber of the ras oncogene fam Human whol e peri pheral bl ood-

nmononucl ear cel | gapBi3e .of recé??iyfﬂgffam dnébgenel aritG ddr\wived! ood

donor, were prepared and cultured in-vitro in standard nediumin the

presence of Isarvpresented By delld aihoa dlaas UNHEUCTestrictwmdtfasihisnpwn
to be presented in a HLA-A2 restricted 10 fashion. Thus, antigen
presenting cel | sweree themioned and used to prepare complete T-cell

receptor a and B chain sequences as described earlier.

Once isolated, the cDNA of the a and 8 chains relating to
10 recognition of elther the Harvey ras or Kirsten ras of N-
ras oncogene peptzdes was then used to engineer T-cells
derzved from a non-immune class 1 MHC HLA-A2 donor. This
conferred to the genetically engineered T-cells the
ability to recognize ras oncogene activation in cells in
15 a class l.restricted fashien and provided cell mediatedl

cytotexicity to such cells as determined by chromium

release'eesey.

20 ered to express cytotoxic activity against cells

exfiress i HIV e tides.

Human whole perzpheral blood mononuclear cells (PBMC),
de:xved fram a class 1 MHC HLA-B35 blood donor, were

25 prepared and cultured in-vitro in standard medium in the



Al ternatively, antigen presenting cells can be forned by the addition
of the said peptide(s) to a popul ation of dendritic_cells isolated
from awaleénsBds8r estri cted donor. 15 After 24 hours PRUGBIMEA with '
pepti de the PBMC s were added to CD4/CD8 cells derived froma series
of human donors, also of the HLA-A2 class 1 MHC restricted

i di ot ype. CD4/ CD8 cell popul ations <e34+ved fromthe 20 donors were plated
in limting dilution (100 down to 1 cell) in mcrotite plates and | eft
in the pr preamsncs oficHIV peptides iknpwrel te berpresentedyinyat HLA~
appropriate nedi um ~changes. The plates were then screened for

expandi ng B35 restoictedofashipmpho@hus, antigenppresentingceeldsed 25
CD4/ CD8 cel Il s capabl e of recogni zing the antigen WD 96/ 15238

PCT/ GB95/ cegwel formed. - 33- presenting cells
and being cytotoxic to them These expandi ng col oni es of activated
T-1 ynmphocyt es, capabl e of recogni sing ras oncogene antigen when 5-.
presegéed hy cells in a clasg 1 MAC restricted fashion, were_ t hen

cl oned®a a%ﬁ%mam\m-zar antigenc prepeniiing cells eancbe[ fprmed \BY] or ]

chai n sequences, escribed earlier. , Once isglated, ,t he cDNA of the
a and [e?ﬂ qﬂﬁgéiiigpaQ ngepggde to a populat{En og-gengrzt;c . .

cells isolated from a HLA-B35 restricted donor.

After 24 hours incubation with peptide, tbe.PBMC's were
10 added to CD4/CD8 cells derived from human donor with
potential HIV immunity, also of the HLA-B35 class 1 MHC
restricted idiotype. The CD4/CD8 cell'populétioniderived
from the potentially immune donér-wasipiated;in.limiting
dilution (100 down to 1 cell) in miciotitre pl@tes and
15 left in the precence of the presenting célls_for 10-14
days with appropriate medium changes. The plates were
then screened for expanding colonies of T-lymphocytes
which represented activated CD4/CD8 cells capable of
rqg:;gizingjthe antigen presenfing-cells'énd those which

20  wez totoxic to them.

These expanding colonies of activated T-lymphocytes,
capable of recognising HLA-B35 processed HIV antigen when
presented by cells in a class 1 Mnc.réstricted £ashion,

25 were then cloned énd used to prepare complete T-céll



10 recognition of either the Harvey ras or Kirsten ras of N
oncogene NOO6A8B8\\as t hen used to, englneer T-cells der?GE@mpP@ﬁ$h
non-i mrune class ‘1 MHC HLA- A2 donor Thig-- - .- conferred to the genetically
éngi neered T-cells the Cability to- recognize ras oncogene activation in
cellls in 15 a class 1 restricted fash+3%-and provi ded cell nedi ated
cytotoxicity to such cells as determ ned by chrom um rel ease assay.
Exanple 5 - Garascepton of ahdnfinchaipnseguancesaetdescribedoearijemoecon
to express cytotoxjc activity against cells expressing H'V peptides.
Human whol e pday pakternative metbods eff producimpMoyd isolatdvgi the rom a
class 1 MHC HLA-B35 bl ood donor, were 25 prepared and cultured in-vitro
in standard nﬁl@rﬁlﬂbﬂheknm teothe meepskilled in the art.

PCT/ GB95/ 02691 ' -34- presence of HV
pepti des known to be presented |n a HLA- B35 restricted fashion. Thus,
antigen pr§sent|ng cells 5 Alternhatively, antlgen
presenting celqrﬁ%ahs%‘satﬁﬁineﬁhﬁycnna ocﬁné'-%cﬁ tansh %fc‘b%ﬂ?dﬁa?o

popul ation -of dendritic cells olated froma HLA-335 restrlcted

donor . used to engzneer T-cells derived from a non-immune class

1 MHC HLA-B35 donor. This conferred to the genetically
engineered T-cells, recognition of HIV infected cells in
'a class 1 MHC restricted fashion. Cell mediated

10 cytotoxicity by these ehgineered cells was shown by

chromium release assay.




After 24 hours incubation with LG “ahe PBMC s were 10 added to
CD4/ CD8 cells rived fragm A et |t h pot enti al ' pty,
al so of fb =B35 cl ass| THWH icted idiotype. ¥§%N%¥§ﬁ¥§§ cell -

popul ation derived - _ . ally immune donor was plated in

limting dilution (18 down to Sgll) in microtitre plates—and 15
|l eft in the precence of the presenting?®€lls for 10-14 dars wth -

appropriate gediuym changes. The plates were : l" mm“ mt :
expandi ng cdﬁggiﬁglof T-1 ynphocyt es whi ch r4 unﬂﬂﬂl s| A3t ed
CD4/ CD8 cel | s capabl e of recogni zi ng the anti*geff ptesknting cells and
t hose which 20 were cytotoxic to them These expandi ng

| oni f ti. d T-Ivynphocyt es, bl € T i sj ng- HLA- B35
rboossed Hir ark| bekaRkeH BYtotstia, T ArBoheayre PAVEng: g 1o\

restrt oted 1 gl o0y o2 nARLS UG bl 51 BeBh TR AT
PCT/ GB95£02

91 . " -35: | : d
Lerr] ohdin HEtEERLegeHs BolyRepkidan gepter,of the,JymphpNse MECT: hoqs
oki [l ed i n (Giake, Tordet3ickan. Spaqif ity Fhot Shegnaertansing Babistns

was t hen ceffgd to engineer T-cells derived froma non-i mune cl ass

2. The targeted cytotdxic T lymphocyte of claim 1 which
10 is recombinant, e.gq. being transduced with a viral

vector.

3. The targeted cytotoxic T lymphocyte of claim 1 or
claim_z which is monovalent, hﬁving a single séecies of
15 TcR_conferring MHC Class I-restricted specificity for a

single class of target cells.

4. The targeted cytotoxic T lymphocyte of claim 1 or

cla;maZ'which is polyvalent, having two or moré distinct
20 sﬁi%igs of TcR which together confer MHC Class I-

re;tficted specificity for two or more classes of'target

cells.

5. The targeted cytotoxic T lymphocyte of any one of the

25 preceding claims wherein the target cells comprise ﬁumour

-
Has Been Replaced

i



. i nf—$h+s—eﬁﬁ+erred~to: { : ' \ B
1 MHC HLA- B35 donor hasgeBEt HaSBEEN o R0

T-cells, rWO86is2380n ' d_ce|ls iREPLACED a cl CTes b
fashion. Cell nedi atH “ Lui EE | t y—by—these—engtrtered cells was
shown by chrom % . 36 CLAI Ms:

1. Atargeted cytotoxic T Ihynphocyte hawB8%g a TcR conpri sing heterol ogous a
and [err] pol ypepti des, which heterol ogous pol ypepti des confer on the
| ynphocyte MH@elkss immuhe ceddlsr canttiinsring cté yaficoantioimmanecausi ng
target cells, wherein the T |ynphocyte is nonovalent, having a single
speci es of'nﬂienpﬂuselagdwue GbaisImufentednwmtbpacp&thoggntor a single
cl ass of target cells. - 2. The targeted cytotoxic T | ynphocyte
of claim1l which is reconbinant. 10 3. The targeted cytotoxic T

| ynphocyte of claim2 which is transduced with a viral vector. 4.
The targeted & dtheitafgeyegheygotoxica®y ymphdcyte ofecdaingScwhexein
wherein the target cells conprise tunour cells, imune cells
contributibg tthertaxgetnoeldsr comprisenrhiiman ]lielamnscehlcaad theh a
pat hogen. 5. The targeted cytotoxic T |ynphocyte of claim4
wher ei n the t dregerekogousonpr and Supmlypeptides| confercepecifiaditiye

het erol ogous [err] and [err] pol ypeptides confer specificity for; (a) the
MAGE- 1 tunour Eoxi gbm) the MASENKGEumqnnnantxgengehb)(t)etMAGERRTtnmnar
tunmour antigen, 20 (d) the gpl00 tunour antigen and/or (e) the tyrosinase
t unour antlgeﬁNthgenc (ch. thHeMBBﬂbéﬂé@-dyumm§R|Qnﬁ1U9nphbd}tthefgpﬂ90n14
wherein the pathogen is a virus . The targeted cytotoxic T

| ynphocyt e of EUMOUS ;ARkigennanddorarigdt tda |tyzesinase tnamoupsantigesst ed
Iynphocyt§6 8. The targeted cytotoxic T |ynphocyte of any one of
the preced¥ng cl ains wherein the _ het erol ogous a and [err] TcR

ol epti des e provided -as a single fusion pol epti de.
POl YPep ay phe targeted cyt%toxzc T 1§%p3§2§¥e of claim 5

wherein the pathogen is a virus.

8. The targeted cytotoxic T lymphocyte of claim 7

15 wherein the target cells comprise HIV-infected

lymphocytes.

" 9., The térgeted\cytotoxic'r lymphocyte of any one of the
preced;ng claims wherein the heterologous o« and 8 TcR

20 poiri:wtxdes -are prov;ded as a single fusion polypeptlde.

10. The targeﬁed cytotoxic T lymphocyte of any.one.of

the preceding ciaims wherein the heterologous o« and g3

TcR polypeptides Are chimgefic,.for example comprising an
25 immnnoglobﬁlin vari#ble domain or fragment thereof.
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30 9. The targeted_cytOtoxiC_T fynphocyte of any one of the preceding

cl ai ms wherei.n the ' ‘het er. s—g-—and [err] TcR pol | re
chi maer | WO 96715238 10. T qusagmte\d«'ScBﬁE@oxi cT Iynphocytgeg&ég%%
wherein the chimaeric TcRipol ypenisicg@s & conprise an i munogl obul i n
vari abl e domai n or fragnmeni_ihereet- 11. A nmethod for producing

the targeted cytotoxic T |ynphocyte of38my one . of the preceding

clains, the nethod conprising the steps of -~ o . (a)
provi ding a ¥tetoP B8 ifer Rroducingthe ctargekedqeytesexico® a donor
cytotoxic T |ynphocyte) encoding a and [err] TcR pol ypeptides specific_ for
di sease- lymphocyte of;anyh@nenfetthe| pseceding cgams. the method

transfecting a regipient cytotoxic T |lynphocyte with the vector of step (a)

to comprigipgytbe; ste@RMiRTfant cytotoxic T |ynphocyte having DNA
encoding a and [err] TcR pol ypeptides specific for
di sease-causing target cells, . wher eby the reconbi nant cytotoxic T-

I hocyte of ste b) expresses the DNA encodjng a and [err] TcR

ool ot Bice to. chadupER B RERE (PR L Eag PRACLEr Bo! DA
specificity and . thereby target it to thge target cells. 12.
The nethod of ¢l aﬁ’ﬁFHeﬁth at%q?%tqyt%‘”&%p (f;ympﬁo 7E8) ded by -

cl oni ng, assenblin . - Oor synthesjisin e.g.. by solid ase _

ol i gongcl eoti de s?ﬂ?ﬂé§f‘9) W‘ﬁ:d;dﬁﬂ‘ ﬁ%ﬁ@?@?*#‘?cﬂ’isg 16,E@Tept i des
specific for disegse-causi.ng t.arget: cells. : . 13. The nethod of claim
12 wherein the l@ﬁﬁﬁﬁrﬁﬁgﬁﬁg aeh £eLt91 a8k pol ypeptides is

cl oned by: 20 . .(a) obtaining a sanple of donor T Iynphocytes, (
e.g. froma bl ood bank, blood sanple ' or tunour biopsy;

o], i el B A A S
cpansi on. 7 | MI4GEERPERE! WREROEOGE sten (a) bo pEOMISE ADEREERBiRATES

gl . . . ! it
cYLolon T T YTPISGHLERIEY Lymphoorce, havia (Sl sAbaslig BVAGEER ™0
PCR anplificati onpsr polypeptides specific for disease-causing target

cells,
15 |
whereby the recombinant cytotoxic T lymphocjte of step
(b} expresses the DNA e_ncodi.:;g «« and B8 TcR polypeptides
to endow the lymphocyte with MHC-Class I restricted
.spggificitj and thereby target it to the target cells.
20 .

12. The method of claim 11 wherein the vector of step
(a) is provided by*cioning,'assembling or synthesising
(e.g. by solid phase oligonucleotide'syntheéis) DNA

encading @« and B TcR polypeptides specific for disease-

25 causing target cells.
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14. The net hod of any one of clains } .

t ransf ect edvO 065238 reci pi enf ' A5 SHEBKitas §
el ectroporation, protoplast fusion o \Mrﬁﬁﬂﬁﬁﬂg.;re roviral)

transfection. 35 15. Atargeted cy } nphocyt e produci bl'e by
t he met hod of any one of clains 11 t0 14w39= 16. A vector for
use in the nethod of any one of clains 11 to 14 conprising DNA encoding a
and [err] TcR [@8ypephedmethpdciofi claim al2li witeseinathenDNAckncodinagDithe or
exanpl e bei ng operably' Iinked to an expression el enent or el enents,

t he expression el camadtfB or TeRepolypeptides his nglespedcbyd for exanple from
transcriptional and/or translational elenments, pronoters, 5 ri bosone

bi ndi ng sites, enhancers, regulatory sites (e.g. activator and repressor

. (operator) 'sites) and expression elenents naturally associated with
" the [err] and/or [ertd) ToRtpéptiinde ajmample of donof7T Iimphocytesef esigai m
i 16 which is a viral vector, .being for exanple based on siman virus 40,

. adenoviruseS (e.g. hfrem adblood bamk, bldodvsample, orntupepr biopsy;us.

egin the vector is
E&{\y hocyt e W‘"GBWI

10 18. The vector of claim 16 or claim17 further conprising; (a) a
positive selectable marker, the = . marker for exanple being selected
from neonyci n phosphotransferase, hygromycin phosphot r ansf er ase,

xant hi neguani ne phos{ihpreboighingatdiec zzample haf Hdomes Ti hymphocytes for
type 1 thym di ne ki nase, adenine phosphoribosyltransferase and hypoxanthi ne
15 phosphonbosy| t¢¥ketexiceTadymphodytes rhaning cspecificbty dorker, the

mar ker for exanple . bei ng sel ected from Herpes sinplex virus type 1

t hym di ne ki nase, addh$eese-causipgotargety28d1samdiar al E,saygﬁswpeﬁay
phosphot ransf erase and_hypoxant hine phosphori bosyl t ransf er ase. 2 0
19. A targt®ed cyt otinduced| prpléferatiamrand/(px spegi elospdins 1 to
10 or 15 having a TcR conpri sing heterologous a and [err] '

pol ypepti des, . whi ch $¥P&R8LBBduUs pol ypepti des confer on the

| ynphocyte MHC Class 1-restricted specificity for a target cell, for use in
t her apy. 20. Use of, (a) the targeted cytotoxic T |ynphocyte as

defined in claim119, or (b) the,vector of 2 5 any one of clains 16 to 18,
for the preparation () s2¥EERcEARG: chdompgomal tfxem the donor

i munot her apy. 21. ,The use of claim 20 wherein the adoptive

i munot her apy conpri%¥§°¥ﬂ§1§t@piYﬂPP°°¥$Q?3 and (a) renoving

cytot oxic i—lynphocytes froma patient, (b) transfecting
the cytoto PcT | ynphocytes renoved in.step (a) with the vector -

ding t f ¢laj 16 18 t d t ted cytotoxic T
according o any on of" £l 2} T, 18 haal S los 56 |2 9ok HeR! % ©
| ' polypeptides,_e,g. by primer-specific PCR |

amplification.

20 i ?he:method'of any one of claims 11 to 13 wherein the
veé¥Sr is transfected into the recipient cytotoxic T
lymphocyte by electroporation, protoplast fusion or viral

(e.g. ret;oviral) transfection.

25 15. A targeted cytptpxic'T_lymphoéyte.prodncihle by the
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35 _ (c) reintroducing ted cytotoxic T Iynphocytes of
step (h) into the patient THAsB%% fhe use of claln*éﬁ
conpri step of se‘EéﬁlxgiycaXpandlng in tissue cu

~cytotoxic T cells renoved}in_s or to steps—{b)y—and \e,

t he
19- Nov- 96 17408 23. The use alns
20 to 22 wherein the patient is a candr patient, IM"U“ l I
an i ndi vi dual ufferln from an_, auf oj | sease or sed
i'ndi vi dual ‘E?Bﬁ"gxgﬁp Ya Pheh R "igi%ﬂ-mbegf gﬂ ii‘tr anspl ant ed organ)

suffering an opportunistic 5 I nf ection. - 24, Use of; (a) the
targeted cytotoxic T |lynphocyte as defined in claim 19, or (b) the vect or

e o bl OB B i bt B TEETRES A R AT

hyl f.AIDS. 1Q . the t t ed
oyt ot ot ThyEnb, FEmRESSng, PHA Spipdfas & &SRR RO the to 30 or 15,
FREL TR L St
-40- t hod of f | t f
0 he et HESE e x8mp1g) pAlRed oerAbLY ]faqk%% tq eansrpgﬁagleéiceﬁiodf’ﬁguse
[err] and [

51e$en€ or elements, the express;on element or elements
being selected for example from transcriptlonal and/or
translational elements, promoteré;”rihoeeme binding

10 sites, enhancers, regulatory sites-(e.g.'actieator and
repreasor.(operator) sites) and expressioh elements
naturally associated with _the a and/or B TcR peptide

genes.
15 17. The vector of claim 16 whiéh is a viral vector, being
for example based on simian virus 40, aderoviruses (e.g.

human adenoviruses), retroviruses, and papillomavirus.

18.. The vector of claim 16 or claim 17 further

20 cougg”azng, ‘(a) a positive seleetahle marker, the marker

fot ample being selected from neomycin
phosphotransferase, hygramycxnrphosphotransferase,
xanthineguanine phosphbriboéyl.transferaée, the Herpes
simplex vitus type l-thymidine kinase, adenine

25 phosphoribos?ltransferaae and hypoxanthine
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5 pol ypepti des specrfTTfTﬁT”é‘H*Sease C cell, the DNA for
exanpl e bewabeaseIgaDb! pggzgggﬁ:‘“-~eLenent PCT/AEBIN0269%
the expression el enen ““m@mﬁ“m““ elggalﬁ §<Bee/ql ifor exanple from
transcriptional and/or translsat i*onat—elgl preonoters, ribosone
bi nding 10 sites, enhancers regul at or y43i-t es . tivator and
repressor (operator) sites) and expr essi on elenents natural ly -

associ ated wi tphbbphbeibosyktrindferdsdcand?pi (b) a negitdive 15 17.
The vect or - of cIa|n116 which is a viral 'vector, being for exanple

based on sinm agelectable maigtsy, rﬂseSméfker for eRuaiiplerdiing rsskscoted
retroviruses, and papill omavirus. ' . The vector of claim 16 or

claim17 furt hfrom?Aerpes s inpglex (Virds paypél tethyddine kirdes; . the
mar ker for exanpl.e being sel ected from neonycin

phosphot r ansf eadeninky phoBptior ibswyhotanstécases, hygromyiinhi neguani ne
phosphori bosyl transferase, the Herpes sinplex virus type 1 thym di ne
ki nase, adéni nphodphptramsfedusy |dnd.rivgpoganthifehypoxant hi ne WO
96/ 15238 PCT/ GB95/ 02691 phosphori bosyl transferase and/or (b) a
negative sphesphbird bosylraridferad&er for exanpl e being sel ected
fromHerpes sinplex virus type 1 thym di ne ki nase, adeni ne
phosphori bosyl t ransferase, hygronycin

19. A targeted cytotoxic T lymphocyte (for example, a
targeted cytotoxic T lymphocyte according fo any one of
10 claims 1 to 10 or 15) having a TcR comprising
heterologous o and 8 polypeptides, which heterologous
polypeptides confer on ﬁhe lymphocyte MHC Class I-

restricted specificity for a target cell, for use in

therapy.

15
20. Use of;'(a) the t;rgeted_cytotoxic T lymphocyte as
defined in claim 19, or (b) the vector of any one of
claims 16 to 18, for the preparation of a medicament for
use-in-adoptive immunotherapy.

20 o
immunothetapy comprises the steps of;

'(a) removing cytotoxic T-lymphocytes from a patient,
25 | |
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5 phosphot ransferase and hypoxan BFF phosphorlbosyltransferase
or

19. A targeted cytotoxic Thwﬁpﬁﬁéyﬁé exanple, a
cyt ot oﬂ@gﬁ' Bphocyt e acordl BQPW ®ny_one of 10 clains ggg')&g?l 15) :

having a TcR conpri sing - =T ol ogous [err] and [err] pol ypeptides,

whi ch het er ol ogous pol ypept i des conf er on EIIIHHFHMﬂHIﬂIm:C Class |-
restricted specificity for a target eéRf, for '

20. Use of; (a) the targeted cytotoxic T Iynpﬂocyte as deflned |n claim
19, or (b) the véh)otransiegting dthe cytotoxic1® iymphocyses: removed
preparation of a nedi canent for use in adoptive imunotherapy. 20-

21. The use of ciniatep WI’ slikh mh%.mt% accordimgotheanyy onenofi ses
the steps of; renoving cytotoxic T-I|ynphocytes froma
patient, 25 cla:.mshaﬁ snedtﬂ mmgumptmgqted thOtoxllclrlllll 11111
W111111111 WO 96/ 15238 _

PCT/ GB95/ 02691 lymphocytes, -42- (b)
transfecting the cytotoxic T |ynphocytes renoved ~ in step (a) mnth
t he vec®or according to any one of clainms 16 to 18 to produce
targeted cytotoxic T | ynphocyt es, rei nt roduci ng

the targeted cytt@bxreiptroducing ﬁhﬁn#ﬁiﬁ@%%doﬁY§9§ﬁx§B)&lnto t he

pati ent. ]
lymphocytes of step (b) into the patient.

22. The use of claim 21 further cdmprising the step of
10 selectively expanding in tissue culture the cytotoxic T

cells removed in step (a) prior to steps (b) and (c).

23. The use of any one of claims 20 to 22 wherein the
patient is a cancer patient, an AIDS-patient,.an

15 individual suffering from an auﬁoimmune disease or an
immnnbauppresse& individual (for example an individugl
bearing a transplanted organ) sufferiné'én oppo:tﬁnistic

infection.

20 24,. Use of; (a) the targeted cytotoxic T lymphocyte as
defiﬁéd:in claim 19, or (b) the'veetor'éf ahyuoné of
claims 16 to 18, for the preparation of a vaccine for use
in immunotherapy or prophylaxis, e.g. for use in the
treatment or prophylaxis of AIDS;

25
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22. The use of claim21 further cqﬁp&hsﬁﬁg?; stepg 10 selectively
expandi ng iWodeasssg cul ture the cytot OWS r enov eRCT/GBSRR69Y a)
prior to steps (b) and (c). 235 Se of any one of clains 20 to 22
wherein the patient is a cancer patient, an AIDS patient, an 15

i ndi vidual suffering froman autoi nmune djgease or an i mmunosuppr essed
i ndi vidual (for exanple an individual bearing a transpl anted organ)

suffering an Opﬂﬁttuﬂiﬁhbéine.coh@E%ﬁid&‘the5¥hxé¥k edséytéfoxia) Tt he
targeted cytotoxic T |ynphocyte as defined in claim19, or (b) the

vector of any Qﬂfmﬁﬁoc?te abeo¥aihg o Khy fdie (de d1LDASali ©6 20 Brvasgi ne

for use i n 1 nunot herapy or prophylaxis, e.g. for use in the

treatment or preghyeasnplel fArbher Somprisia filﬁﬁﬁihaceutlcall

PCT/ GB95/ 02691 o éa 25. A vacc?ne
conprising the a@eegteﬁleyhgbaﬁuenf. Iynphocyte accordlng to any one of
clainms 1 to 10 or_15, for exanple further conprising a pharmaceutically
accept abl e exci pi ent. 11111112112112111112112112121211111
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