WD 98/ 23748 PCT/ EP96/ 05280
METHODS F | NG GRAFT REJECTI ON I N TRANSPLANTATI ON %ﬁ EWJC' NG
A "UNI VERS% %I;W—IERAPY HOST CELL USI NG LYMPHOCYTE ACTI VA H?KP

Field of the Invention 5 The present invention relates to net hods for
preventing graft rejection of transplantﬁted organs, tissues or cells, in

particular to such methods which conprise engineering a cell type to
express a LAG 3 protein when transplanted in a host. Mre particularly, the
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Background Art The |ynphocyte activation gene (LAG 3) is a nenber of the
i mmunogl obul in superfam |y, that is selectively transcribed in human
activated T (Ihetdtbﬂﬁélmmltﬁw) and NK cells (Triebel et al, 1990 ). The
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(APCs) are atjLat fohels Qith $8iFicRiar ih@l&)leﬁ)m,isgﬂp&rtingatﬂ@q}?ew that even in vivo
LAG-3 1s expressed following activation (Huard et al, 1994A). Antigen-specific
stimulation of T-cell clones in the presence of anti-LAG-3 monoclonal antibody

25 (mAb) led to increased thymidine incorporation. higher expression of activation
marker CD25 and enhanced cytokine production (Huard et al, 1994B).
Accordingly, addition of a soluble recombinant form of LAG-3 inhibited
antigen-specific T-cell proliferation, suggesting a regulatory role of LAG-3 in
CD4" T-lymphocyte activation (Huard, 1996) and its involvement in )

30 extinguishing ongoing immune responses. Recently, it has been shown that
LAG-3 also acts as a co-receptor for NK cells and defines different modes of
tumor cell killing controlied by the innate immune system (Miyazaki et al.,
1996).

The mechanics by which a T cell response to a foreign (allogeneic or

35 xenogeneic) protein or cell or organ is mounted are fairly well understood.
Antigen presenting cells (APCs) are attracted to areas of inflammation or damage
(that may be induced by surgical transplantation). The repertoire of T cells in the
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(that may be induced by surgical transplantation). The repertoire of T
cells in the WO 98/ 23748
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of these warning signals are recognized, the APCs engulf the protein,
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syngeni ¢ tunor cells have been engineered to express viral IL- 10 which
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20 generally associated with chronic immunosuppression, encapsulation or
immunoisolation. The unwanted side effects of chronic immunosuppression
include increased susceptibility to opportunistic infection and tumor formation.

The desire for long-term acceptance of grafted tissue in the absence of
continuous immunosuppression is a long-standing goal in human medicine.

25 Citation of any document herein is not intended as an admission that such
document is pertinent prior art, or considered material to the patentability of any
claim of the present application. Any statement as to content or a date of any
document is based on the information available to applicant at the time of filing
and does not constitute an admission as to the correctness of such a statement.

30 Summary of the invention

It has now been found that transplantation of cells that express a LAG-3
protein on their surface resuits in the protection from graft rejection by the host's
immune system.

The present invention thus provides a genetically engineered cell which may

35 be part of a tissue or organ to be transplanted, comprising DNA encoding a
transmembrane LAG-3 protein on its surface, resulting in the protection from
graft rejection by the host’s immune system, the DNA being genomic DNA or
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modifying the expression of the endogenous gene of interest.
The genetically engineered cell of the invention can, anyway, contain the
20  exogenous LAG-3 DNA only, to be used in a mixture with other gene therapy
host cells containing the therapeutic DNA of interest.

The cell of the present invention is preferably selected from myoblasts,
fibroblasts, hematopoietic stem cells, embryonic stem cells, foetal liver cells,
umbilical vein endothelial cells and CHO cells.

25 Cells as above, deriving from transgenic animals, are also within the scope of
the present invention.

It is a further object of the present invention the use of a transmembrane
LAG-3 protein, including muteins and variants thereof, expressed on the surface
of the cells, in the manufacture of a medicament to induce protection from graft

30 rejection by a host’s immune system.

Furthermore, the present invention provides the use of a cell comprising
DNA encoding a transmembrane LAG-3 protein, expressed on the surface of the
cell, in the manufacture of a medicament to induce protection from graft rejection
by a host’ s immune system.

15 The use of said cell expressing LAG-3 on its surface, in the manufacture of a
medicament to be mixed with cells, tissues or organs to be transplanted, to induce
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Detailed Description of the Invention
20 Hundreds of thousands of people die each year as a result of a heart, kidney,
liver, lung or pancreas failure. The single most effective therapy is

transplantation.
Thérapy associated to transplantation of cells, tissues or organs induces a
general immuno-protective state in the host relative to the engrafted cell, tissue or
25 organ. It is desirable to establish graft specific protection against rejection by the
host’s immune system particularly in allogeneic transplantation, xenogeneic
transplantation and gene therapy. Also, it is desirable to inhibit tolerance to tumor
tissue or otherwise allow the host’s immune system to attack tumor tissue.
Accordingly, the present invention is directed to all of the methods described ,
30 above for using the finding that transplantation of cells or tissues which express
a transmembrane LAG-3 protein results in the protection of graft rejection by the
host’s immune system.
The invention employs the newly discovered gene and protein, LAG-3, that
1s normally expressed on activated T cells and activated NK cells.
35 The definition “transmembrane LAG-3 protein™ as used herein refers to any
transmembrane protein containing the extracytoplasmatic domain of LAG-3, its
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20 toxicity to the pharmaceutlcal compositions contammg them Such denvatlves
include, for example, esters or aliphatic amides of the carboxyl-groups and N-
acyl derivatives of free amino groups or O-acyl derivatives of free hydroxyl-
groups and are formed with acyl-groups as. for example, alcanoyl- or aroyl-
groups.
25 The “precursors” are compounds which are converted into LAG-3 in the
human or animal body.
As “active fractions” of the protein the present invention refers to any
fragment or precursor of the polypeptidic chain of the compound itself, alone or
in combination with related molecules or residues bound to it, for example '
30 residues of sugars or phosphates, or aggregates of the polypeptide molecule when
such fragments or precursors show the same activity of LAG-3 as medicament.
Preferred “active fractions” are soluble fractions from the extracellular
portion of the LAG-3 protein, including one or more of the four domains, D1,
D2, D3, D4, of the extracytoplasmatic domain of LAG-3.
35 The definition “active mutants” as used herein refers to other proteins or
polypeptides wherein one or more amino acids of the structure are eliminated or
substituted by other amino acids, or one or more amino acids are added to that



met hods and are conprised in the invention when they are pharmaceutically
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20 above.
The cells of the present invention can be selected from primary or secondary
cells. As used herein, the term primary cell includes cells present in a suspension
of cells isolated from a vertebrate tissue source (prior to their being plated i.e.,
attached to a tissue culture substrate such as a dish or flask), cells present in an
25 explant derived from tissue, both of the previous types of cells plated for the first
time, and cell suspensions derived from these plated cells. The term secondary
cell or cell strain refers to cells at all subsequent steps in culturing. That is, the
first time a plated primary cell is removed from the culture substrate and replated
(passaged), it is referred to herein as a secondary cell, as are all cells in
30  subsequent passages. Secondary cells are cell strains which consist of secondary
cells which have been passaged one or more times. A cell strain consists of
secondary cells that: 1 ) have been passaged one or more times; 2) exhibit a
finite number of mean population doublings in culture; 3) exhibit the properties
of contact-inhibited, anchorage dependent growth (anchorage-dependence does
35 not apply to cells that are propagated in suspension culture); and 4) are not
immortalized. A “clonal cell strain” is defined as a cell strain that is derived from



recogni zed, for exanple, by the anti-LAG 3 antibodies |IIE3 (Deposit No.

CNCM 1- 16 (Deposit No. CNCM 1-1240) or 15A9 (Depo 10558iCM
1-1239). 1 98Iz]ﬁaihe present invention also refers to a m%ﬁfr}%&o

pol ypepti des and derivatives as said above. Wen used in the present
sp_ecification and clainms, the expressionsg "LAG 3", "LAG 3 protein" or
"LAG 3 nol ecule" are intended to include ' natural, synthetic and reconbi nant
forms of the polypeptide as well as all the definitions reported 20
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I rortalized. cl dah {)ne as adc strahntt@tjls
derived f ron?therw 8\1@ qqysre_]ecte ad they not been engineered to expxess the LA

PCT/ EP96/95280lctuke an thgireceficunfdes. IcAGHS cah dlbebe epgesmdsiposithe s¢ll awidcei s

defined as a,£gl hinpdih@k tell hggs'aﬁdqﬁirx'eﬁ‘iﬁﬂf 'i]%”bél]’kooxofxséﬁ% ) fb@%ﬂﬂﬁf)laﬁ%d' S.

The present 1 n entlon |n se somatic such as
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somatic cells "‘f;HeQQ cEAL RSubUht Wbk ARdrARPRKY ©)bvik GENERR ot pefdrfmh have
been transfecte
ccrtam nctlons to treat certain diseases. They are accepted by the host by the

use of a technique in which LAG-3 is presented to the host’s immune system.
Preyention of graft rejection of specific cells, tissues or organs can also be
achieved in recipients by co-administration of fibroblasts or other primary or
secondary cells that have been engineered to express LAG-3. This protective
25  state may be due to local or general inhibition of mechanisms mediating immune
responses. This protective state may be due to anergy, deletion, non-
responsiveness, tolerance or prevention of cell-mediated cytotoxicity. Once a
protective state is established, it endures for extended periods of time, even
permanently due to a phenomenon such as infectious tolerance (Qin et al., 1993).
30 The invention can be utilized for transplantation of cells tissues, organs or
host cells to deliver genes or gene products for a variety of human medical
needs.
LAG-3 gene expression can be induced by standard recombinant DNA
techniques or by techniques that employ homologous recombination to activate
35 the endogenous LAG-3 gene. The cell types can be obtained from transgenic
animals that have the LAG-3 gene expressed in specific tissues or in unrelated
cells by any method. Such cells could then be mixed with the cells in which



exogenous DNA which is stably integrated into their genones or is expressed
in the cells episomally. The resulting cells are referred to, res&ectlvely
as- transf e¥P& &B Y8 mary cell's and transfected secondary cel PSTEPBSNS280 \yyop

t he gene encoding a LAG 3 nolecule is inserted into manmalian cells and the
cells are transplanted into an all ogenei c or xenogenei c host, they are
recogni zed by the host i nmune system but &n i mune response i s not nounted.
The host inmune system beconmes unable to reject the cells that would
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PCT/ EP96/ 152 gadigtion therapy, normal hepatocytes to treat hypercholesterolemia, cardiac cells

for myocardial infarction, muscle cells for muscular dystrophy are suitable for
transplantation.
Allogeneic bone marrow transplants have been difficult to accomplish for a
variety of reasons. They include: graft rejection, infection due to opportunistic
25 infections as a result of contamination of the graft or immunosuppressive drugs,
or other reasons . Rejection may be due to the resistance of the recipient to bone
marrow engraftment by donors and the tendency of competent immune cells to
attack the recipient i.e. (Graft-versus-host disease). GVHD may be controlled
by the depletion of the graft of T cells or the co-administration of ,
30 immunosuppressant drugs. Engraftment is reduced when T cells are eliminated.
As a result of the T cell elimination, there is a higher incidence of graft
fatlure. It is thought that they may provide an important function for engraftment
such as the elaboration of cytokines (Kernan et al., 1987).
It has been shown that only small numbers of allogeneic but healthy bone
35 marrow cells can reduce or even prevent the occurrence of autoimmune disease
in experimental models. However, treatments such as these result in graft-versus-
host disease.



protection fromgraft rejection is desired. This suggests that |ocal
secretion nmuno- protective nolecule LAG 3 does
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transduced fibroblasts are 5 dose dependent but independent of the source
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reduce or even prevent the ‘occurtence of é di sease in experi pental
nodel s. HoweJeF ° t&eesﬁlﬁFéﬁ%%%P{“&“Fm@P & HMghnt QL pEreg fsue and

rexmplantatlon the tumor tissue can be engineered to express antisense LAG-3
25 molecules or ribozymes specific for LAG-3 message. This would allow the
immune system to react to the tissue and learn to destroy it. A small amount of
the tumor tissue can also be treated with an antibody to LAG-3 to prevent T cell
inhibition induced by LAG-3 and allow induction of cellular and humoral
immunity against it. .
30 Gene therapy 1s now highly desirable for the treatment of a variety of
diseases, including but not limited to adenosine deaminase deficiency (ADA),
sickle cell anemia, thalassemia, hemophilia, diabetes, alpha-antitripsin
deficiency, brain disorders such as Alzheimer’s disease and other illnesses such
as growth disorders and heart diseases, for example those caused by alterations in
35 the way cholesterol is metabolized, and defects of the immune system.
Different cells can be used for transplantation in individuals in need, for
example myoblasts for dystrophin delivery, cells that secrete material such as



host di sease. WD 98/ 23748 '
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20 Viral protem El deleted replication defective adenoviruses are routinely
employed in gene therapy protocols. Unfortunately, they have only transiently
effective in adult, immunocompetent hosts presumably as a result of an immune
response directed against adenoviral or recombinant proteins (Kozarsky and
Wilson, 1993; Barr et al., 1992; Stratford et al., 1992; Rosenfeld et al., 1992;

25 Lemarchand et al., 1992). Therefore, there is a great need to develop new vectors
that are not so immunogenic or methods that allow for immunological protection
of the genetically engineered cells.

These vectors are prepared at high titer up to 10'' plaque forming units per ml
and infect many replicating and non-replicating cells. Use replication defective

30 adenoviruses to deliver physiological levels of recombinant protein to systemic
circulation .The LAG-3 gene is preferably under the transcriptional control of
the ubiquitously active cellular EFla promoter and the 4F2HC enhancer
(Tripathy et al., 1994).

Attempts have been made to avoid this problem by encapsulating the cells

35 and by immunosuppressing the host.

With the methods herein described, xenogeneic or allogeneic cells can be
used as gene therapy hosts expressing a LAG-3 molecule on their surface, so as
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LAG-3 exposure is adequate, then the LAG-3 transfected myoblasts or CHO
cells can contain a suicide gene, such as tk, as reported above, so that they can be
removed by treatment with gancyclovir.

This method can be used to restore normal function by administration of a

25 gene or gene product or the removal or inactivation of a gene that is dangerous to
the body (such as an oncogene). This goal can also be achieved by implanting
cells that deliver ribozymes or antisense ¢cDNA to inhibit the production of
unwanted protein such as HIV proteins or growth factors. The method can be
used to correct enzyme deficiencies such as Gaucher's disease or ADA ,
30 deficiency.

According to a further embodiment the present invention is directed to a
method for gene therapy comprising : (i) inserting into the human or animal cells
of choice the gene needed for therapy and the gene encoding a LAG-3 molecule;
and (ii) introducing cells resulting from step (i) into the patient. Alternatively, the

35  genes as above may be inserted into a tissue organ of a patient, in vivo, by direct
transfection of the genes as such, or in a vehicle which targets such tissue or
organ,
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the presgpt ixgyention can be engineered to express a transgene and/or the
LAG 3 gene tF%

roygh the use 15 . an thod of gene transfer such, as..but not
T ced Lo rept Al PEHCHaT SEBPYR Y b PrederIBYa it Aok BaHHeS (eSS
ef ficiency rebowarausseddia est thej ectpian with a\mnalmtrpxrﬁmpe;fnmll§mi interest
el ectropor at 'eRgF(ne&@H b BEpRAORP 1A E-3! %&@%ﬁ@ﬂ WM makk SHOh Nt 8AEHAN 1o a next
encapsul ation,fnto Ii osfomﬁs or ergt rocglée 9h0§t S. Cells thgt ,
administration of cells, tissues Or organs due to infectious folerance Dy the host’s
20 immune system.
The invention will now be described by way of illustration only with

reference to the following examples:

EXAMPLE |
25  Methods
Generation of CHO cells expressing transmembrane LAG-3
LAG-3 ¢cDNA was excised as a 1620 bp Xho fragment from pCDM8
plasmid (Invitrogen San Diego CA) and purified by agarose gel electrophoresis.
The fragment was subcloned into the pCLH3AXSV2DHFRhalVSA (Da) '
30 mammalian expression vector (Fig. 3) digested with Xho. CHO-DUKX (DHFR))
cells were transfected with the DalAG-3 construct by CaPO, precipitation
method. Transfected cells were grown in selection medium (MEM medium
without deoxy- and ribonucleotides + 10% dialyzed fetal bovine serum + 1% L-
glutamine + 0.02 pM metothrexate). The expression of LAG-3 was checked by
35 western blotting on lysed cell membrane preparations and periodically by flow
cytometric analysis using anti-LAG-3 monoclonal antibody 17B4.




express LAG 3, such as nyoblasts or CHO cells may be co-adm ni stered vvith

cells ng a protein of interest to be permanentl ?lqg .
tran5| ent ﬁé@‘ggé?@&posure i s adequate, then the LAG 3 transfl;e6 ﬁnyobl asts
or CHO cells can contain a suicide gene, such as tk, as reported above, so

that they can be renoved by treatnment with gancyclovir. This nethod can be
used to restore nornmal function by adm nidtration of a 25 gene or gene
product or the renoval or inactivation of a gene that is dangerous to the
body (such aZranphnenpand)CHOeHs gualmican al so be achi eved by inpl anting
cells that dellVerniB0tRE: Uva m(tm@ssexgb nCuhtllsRicked NGiIBTOAUCH] on of

unwant ed proteln suc prot'ei'ns can be

used to corr densfeeted metideli dngfic humas JehG a’sOGéHE‘ﬁér H iNAg¥eredetachedso
defici ency. 'ﬁ@)ﬁpr ﬂlsﬁﬁ flasia tbd t figperedBdodi Matlbeddds W@ﬁﬂmlmn%eﬂhlrﬁﬂﬂuhﬁ

di ted t h
huran or An ﬁ%ﬁ%@@ ol B30T 5] 8 PafE Mo % 204 107 PARHH, ek Sy ne
encodi ng a LWB%fmdbeﬂlcan@CX719)Wb¢k5rwmg(di1&’igb%fédIl%t0r7e§1@llp$ h@lf\dwﬁmdst ep
(i) into thejpglhrn.antl 260 Iﬂﬂtwﬁieyeelt B@spaﬁsxon gﬁﬂ'ieﬁteasc@h@hﬁﬂx grey 5be; 06

|nserted|nto tissue or ti.e dlret t ransfection
of the genesC®&s: AEhH mJS?tegﬁ‘r“b;{‘%{’gf ‘Rﬂ?%ﬂgﬁﬂﬂé‘tg es%% /Y s{fbgr(?}lp%‘?gan

WO 98/ 23748 6 and 7 the same mouse received LAG-3-transfected cells in the rigigTfiakosid5280
12 For D@@“%@n&l“@el&'@ﬁﬂﬁn&é&%&%@é aﬁm&z@m ?A b V‘ﬁthEPrFJul’x‘QiayE‘JaﬁH ggn of a

naked viral, vector .nt.o al rou nuscle cells
or admi ni st ei“BECIkﬂ"r@GtWS‘f‘e YRS SEHEIK r%997(‘f15‘i‘ ai‘?\%f‘% f"faéé’tpeﬁ ¢
fibrosis). Terammeshe sité of Mjgctions not only the gene of |nterest (such as
the conductance 5 regulator (CETR cDNA) but also the LAG 3 gene to be
co-expressed on the cell type T%Plsrlev%mewn@ﬂa g§59MSe hunoral i mune
responses to, for exanple, the adenovirus capsid pr ot ei ns V\/m ch would linit
the efficacyrgf—Tepeat d.UHI mstratToms. —Gne_transfer—int ngﬁ['g ol eric

stem cel |'s chFBBPusRE HaPict he aMAUSS st r alHEA cells IpisFIeA.- o egtle
genes to conpat _one of the si ddetifisation ofinthe rightfidper agd tReMsBifleeki on of
rapidly divigding i munescells. Reupaviral veggfgpéan be used in
conbi nation Wth cytokines such as Steel factor, ﬁ | i gand, IL3 Gwt CBF,
| L6, G CSF, LIF2 IL12 t& encouragto $8em cel | s LAG-8li vi de.

3 5 11to 15 LAG-3 wild type
4 2 16 and 17 LH -

5 5 18 to 22 LAG-3 -

6 2 23 and 24 LAG-3 wild type
7 2 25 and 26 LAG-3 LH

Evaluation of cytotoxicity against CHO cells .

Five C57BL/6 female mice per group were injected s.c. with 4x10° CHO
cells transfected either with human LH or human LAG-3 cDNA. After 14 days
the mice were sacrificed and the spleen were removed to obtain splenocyte

20 suspensions. Splenocyte suspensions (effectors) were diluted in culture medium
(RPMI 1640 + 10% fetal bovine serum + antibiotics) at 10’ cells/ml and plated in
triplicate at different dilutions to obtain the various effector to target ratios; 2
plates were prepared for each suspension. Target cells at 5x103 celis/100 pl
(either LH- or LAG-3-trasnsfected cells), labelled with 31Cr, were added to the

25 plates (one plate for each target). After 20 hours at 37°C, 20 ul of supernatant
were taken from each well and the release of *'Cr was evaluated by liquid




The cells of choice can be cotransfected with genes encodi ng ot her immune
suppressi ve _agents, such as I1L10, TG[err], Fas ligand. in addition to the
LAG 3 15 YA&23788 a particul ar enbodi nent of the present PAVERIYSHL t he
met hods descri bed above are used to treat the recipient with a small nunber
of cells of interest engineered to express the LAG 3 gene which w Il nake
the host tolerant to a next adm nistratilédn of cells, tissues or organs due
to infectious tolerance by the host's 20 i mmune system The invention will

now be descréc@ﬂﬂl&%n‘!"a}?'hé)fcgitdtbki%t h&GViRN vl YaMhfabed %GP&‘&E&@@ & Qysis
foll owi ng exanpl es: EXA(I}PI.! I 2i5 t hods Generation of CHO cells
expressi ng t?“é’ﬂg‘ﬁﬁﬁrﬁ?g‘ﬁ OLAIE IO cDNA was excised as a 1620 bp Xho
fragnent frompCDMB plasmid (lnvitrogen San Diego CA) and purified by

agarose gel electrophoresis, TGPNMyagrEat ORs spubc) ongg into the
PCLH3AXSV2DHFRh[ err] | VSA (Iﬁ g BXp ion vector (Fig. 3)

T 2] i- ¥ é
di gested with Xho. CHO DUKX (Dljlérél err’T'gmcéli'ssﬁgxgre transfected with the

D err] LAG 3 construct by CaPO4 precipitation nmethod. Transfected cells were
grown in sel et e dhl M SR WAL RAHE IRO%YinmeBBf ggeeaﬁeéﬁomdes *
10% di al yzed Eet al. bovi ne ser ug1 + 10/;1_L- ggu_‘t;%m ne. + 0.@_2 rri M .

met ot hr exat efF1e2¥h &rom) e Lges cett) G Hiqfad Phdamaximpy Surelfase) Smiadit ti ng
on | ysed celtherffebroasespensparaspeastivelynd periodically by flow cytonetric

anal ysi s using anti-LAG 3 nonocl onal anti body 17B4. WD 98/ 23748

PCT/ EP96/ 05280 13 Transplantation of CHO cells into mce. Chinese hanster

ovary (CHO Results either untransfected (wld type) or transfected with
full | ength Tranmepiahd€or 06 CHQ BElls inth mk¥eA, were detached from plastic flasks

end syspended | 0 ARG 2o LICEOL ARl UMMy 9900 by
femal e ni ce Ggesieignigetry Wik di 8oy arpgelotn et animalyr Beased adth wilddyped i nt
Table 1 and CHO ot irofhosdfeceiRlily SHspansectitl CHD edllseThe dRjatwombNYild. tHpx
;gl[ renralr ] Faﬁ | L}?%I%gél% Ldks&F {h%dapf)ggg%ea@feé) Hi%h}ée 'h'?tmtoﬂ%a&é QrNhefi%fe%ﬁoR STl
the majority of the mice. This phenomenon was less evident in animals receiving
LH-transfected cells. In the mice injected with both wild type and LAG-3
transfected CHO cells at different sites this nodule was apparent only in the site
injected with the latter while an hemorrhage appeared in the other site (Table 2).
20 Histological analysis performed previously in a similar experiment showed
the presence of heterologous cells in the nodules. The results of the experiment
are shown in the attached pictures (see Table | for the identification of the mice)
and summarized in Table 3.

25 Table 2
Injected No: of - Frec!uency
mice | (number of positive findings/total number of flanks
cells injected):
hemorrhage | nodule
LAG-3 10 1/10 } 9/10
wild type 5 3/5 : 0/5
LH 2 172 : 1/2
LAG-3 + wild type* 7 0/7 (a) 5/7 (c) : 717 (a) 1/7 (c)
LAG-3 + LH* 2 0/2(b)1/2(a) ! 0/2 (b) 2/2 (a)

* Each cell type alone was injected in one side flank
(2) = LAG-3 side
(b) = LH side

30 (c)=WT side



6 and 7 the sane nouse received LAG 3-transfected cells in the right flank
and 10 caontrol cells (LHtransfected or untransfected) in _the other. Four .
days afterwf)ﬁé’z?'ﬁfecti on the mce were sacrificed by CCIerrP]CT(”?ﬂ?Q{P%?P?on and
the skin was opened to exam ne the site of injection. Table 1 -

Experi nmental groups G oup No. of mce Mouse CHO cells injected
CHO cells injected Identification inthe right flank in the left flank 1
5 1to5 wildtype 2 5 6 to 10

LAG 3 3 5 11 to 15 Table3 LAG 3 wild type 4
2 16 and 17 LH 5 5 18 to 22

LAG 3 Infected 2 2 ¥ ragibndd LAG 3

wld type 7 cells 25 andngfiber of positive fM@inks/total number LH

15 Eval uation of clytotoxicity against CHO chfIga&kﬁn &tédh/BL/ 6 femal e m ce
per group were injjected s.c. with 4x 1 errr] cells trapsfected either
with human LH or human LAG 3 cDNA. Aft SE™PHMRES the ni cR°MeS e sadrificed
and the spleen wereCHONWYEEpé O obtai n sghepemyte 20 suspeELPNS.
Spl enocyt e suspensj ons (effectors) were diluted in cul tu/re medi umi( RPM
1640 + 10% fetal boV erum + anti bi otf4@3%at 10[err]8é¥34) m 4nd pl at ed
intriplicate at di thereas-dilutions toyebiaep the varijgys @pdectar to
target ratios; 2 p Ot cells at
5x10[err] cells/ 100 [err]l (either LH or LAG 3-trasnsfected cells),

| abel  ed wit err]Cr, were ec}tothe 25 plates (one plate for each
target). Aft X st 5, 20 [err]| of supernatant were taken
fromeach wel | an@hthepresseass IoAGE2on]te suescevh O edlldhdid nopuaffect tha\D

98/ 23748 Titv of the mi : ,- cmed arainst the xenondeld ERR64P5280
14 scintill atalblolnty Oﬁt\ee En;/%eottoobxﬁ l(r:mglcl:rt‘?l\%’tc?}%vggmggla(‘faﬁngt eg ‘ego‘z)icent age of
14

lysi s accor dif#fg ¥ SPHROEYIES SRIhEI¢orsstes W[‘brlfp}Gv?)Il‘Jigf"@ &9 Pothegreet
i ndi cat e theceRd s effitibnityllat thesenfrdimumides prithededtls LA-CHO ealie ahd drextehe
target cell Slhaqprqon-[f)}iﬁ\(gﬂ x?ﬁcé%llSWérrméne%regs%ﬁ@? E)ﬂ\d-g%lna}ﬁle 811 surface was

associated with a reduced sensitivity to the cytotoxic activity induced by

immunization of the mice versus the target as can be seen by comparing the
percentage of lysis in Fig. 1 and Fig.2. The “natural” cytotoxicity, exerted by
splenocytes from non-primed mice, is not reduced by surface expression of LAG-

15 3. This indicates that LAG-3 surface expression reduces the efferent branch of
cytotoxic T lymphocyte (CTL) activity. CTL are one of the effectors playing a
main role in the rejection of transplantated organs (G. Berke, 1993) thus the
inhibition of their function can prolong the survival of allografts.



the effector suspension, respectively. 10 Resul ts Transpl antati on of CHO
cells into mce. Most mce receiving LAG 3-transfected cells showed a white
nodul e at WREBRBIME of injection which did not appear in thBCHEPISEEO: r eat ed
with wild type CHO or in those receiving LHtransfected CHO cells. The
injection of wild type 15 CHO cells caused the appearance of a diffuse
henorrhage in the injection site in the mpjority of the mce. This
phenonenon was | ess evident in animals receiving LHtransfected cells. In
the mce injected with both wild ty transfected CHO cells at
different sites this nodul e was appgﬁleﬁwgﬁi&)%gn the site injected with the
| atter while an henorrhage appeared in the other site (Table 2). 20

Hi stol ogi cal jangtigbélset REr f. BxpeNidar evilogsdy, liogoa sim | ar experinent showed
the presence of heterologous cells in the nodules. The results of the
experinment are shown in the attached pictures (see Table | for the
identificati @n Brixers atiabel. Emdl\@ﬁmh% 224 1992Table 3. 25

Table 2 Injected No. of Frequency mce (number of
positive findings/total nunber of flanks cell

i nj ected): he’rm%rsuﬁ%fg%t al., Immunogenetics, ’%ogéﬁ’ 19@2@- 3 10

1/ 10 9/10 wild type 5 3/'5

075 LH 4. _Huard J. Imynol . 24: 33{& 1994 B /2 LAG S +
wild typer 7oA e”‘é‘/?"f‘aj oyl & 3G 199480 ) 117 (¢) LAG 3 + Lir
2 o2 (b) 1/2 (a) 0/2 (b) 2/2 (a) * Each cell type al one was

i njected in dneHsartketfdl alkr.(JaJmmuhdle B6:dilde-1(1Bp, HIH side 30 (c) = W side
WO 98/ 23748

PCT/ EP96/ 05280 15 Table 3 1nj.ected Frequency
6. Miyazaki, et al.,, Science, 272: 405-408, 1996

15 7. Susukietal, J. Exp. Med., 182; 477-486, 1995
8. Bellgrau et al., Nature, 377: 630-632, 1995
9. Lauetal, Science, 273: 109-112, 1996
20
10. Subraimani et al., Mol. Cell. Biol., 1: 854-864, 198
11. Luski and Botchan, Nature 293: 79-81, 1981
25 12, Fiddes and Goodman, J. Mol. Appl. Genetic 1: 3-18. 1981
13. Hamer and Walling, J. Mol. Appl. Genetic 1: 273-288. 1982
14. Qin et al., Science, 259: 974, 1993 '
30
15. Delaney et al,, J. Clin. Inves., 97: 217-225, 1996
16. Kernan et al.,, Transplantation, 43: 842, 1987

35 17. Kozarsky and Wilson, Current Opinions Genet. Dev., 3: 499. 1993

18. Barr et al,, Gene Therapy, 1: 51, 1992



cells (nunber of positive findings/total nunmber of flanks

i njected): age nodule CHO w | d type 12
(67% NSRS (0% CHO LH 1/ 4 (2%%"‘3"96’“5%
1/4 (25% CHO LAG 3 2/ 19 (11% 16/ 19 (84% 5

Cytotoxicity against CHO cells The expression of LAG3 on the surface of
CHO cells did not affect the ability of the mice to be i munol ogically

pri med agai nst the xenogeneic cells. In fact, the splenocytes frommce
injected with LAG 3-CHO cells lysed both target cells as efficiently as

those from mge i i L ds.a better 10 than non-prined
m ce. I—|owever1(‘9t' §g%§‘g£ﬁ$%sai‘f:, ?)'nhb]é -IF)S_(%-E;@(JOQE%Q%@@ | surface was associ ated

with a reduced sensitivity to the cytotoxic activity induced by

i muni zat i on 29f RioienfRldc& a¥ CeU%st g3 ti@oget as can be seen by conparing the
percentage of lysis in Fig. | and Fig.2. The "natural" cytotoxicity,
exerted by splenocytes fromnon-prined mce, is not reduced by surface
expressi on of2lLA@matchang et i RANARABL 4482, 19 LAG 3 surface expression
reduces the efferent branch of cytotoxic T |ynphocyte (CTL) activity. CIL

are one of t fectors playing a ih role in the rejection of
t ranspl ant at 2’& ?P@éﬁ@' el E&ﬂ@e%lldg%ﬂt’k?gé the inhibition of their
function can prolong the survival of allografts. WO 98/ 23748

PCT/ EP96/&),5282(3.%@eﬁg\l;ﬁﬁillégggél\e/éafﬂg}l@ggzgz%l}919~J.Exp. Med., 171: 1393, 1990 5

2. Baixeras et al., 992 3. Huard et al -
| mmunogeneti cs+ 39:-213, 1994A 4. Huard et al., Eur. J. Inunol., 24: 3216,

1994 B. 10 5.24HBarkk, €Theafunctibily and .médhabiRnls. of 2&ionldBRyHLIAR IWViAPkodytes.

Vel 5. %l Phapter S 888, 7874 400 FARBim kiR pehRup dont YSHEL 18 w8k ol 5P
Lau et al.. dgwrysk, PPP3: 109-1 12, 1996 \

15



20 10. Subraimani et al., MI. Cell. Biol., 1: 854-864, 1981 11 Luski and
Bot chan, Nature 293: 79-81, 198 1 25 12. Fiddes and Goodnan, Mol . Appl .
Genetic 1:W9983748981 13. Haner and Walling, J. Ml. Appl. P@Eﬁ‘é’?‘f’??zﬁu
273-288. 1982 14. Qn et al., Science, 259: 974, 1993 30 15. Del aney et
al., J. din. Inves., 97: 217-225, 1996 16. Kernan et Tr anspl ant at i on,
43: 842, 1987 35 17. Kozarsky and W/ soi§ Current Oplﬁ" ymgﬂ)fm
499. 1993 18. Barr et al., Gene Therapy, 1: 51, 1992

PCT/ EP96/ 05280 17 19 Stratford et al %,@% I nves. 90 26 15992 20
Rosenfel d et al ., 68: 143, 1992 5“2 emarchand et al ., PNAS,

6482, 1992 23. @Pn%ﬁaﬂy engingered pefdscorgprising S3WA poeeding a sesnsige tanal

Human Gene TIG3Yprétein 3h its k@Fdcrbsuliapke theThotdctiont fromsgrafidejeeihmnby ans of

action of cy y. tes. Chapter 28 pages 972-974 in: Fundanental
| munol ogy e(iJ‘B%t : ”%‘“{‘W?ﬁ New Yor k, 1993. 15 WO 98/ 23748

PCT/ EP96/ 65280 CLAI I\/IS 1. Cenetically engi neered cell conprising DNA

encodi ng a t pansngeitysaigimed®n I1ddnor, ailieréin thé HIsAIchasding &6 UAG-B Proteir ke
protection fro Sﬁ%raft rejection by a host's immune system 2. A cell as

claimed in cFAPE®"wherein the DNA encoding a LAG 3 protein is exogenous.

~

3. A cell as claimed in claim 1, wherein the DNA encoding a LAG-3 protein is

10 endogenous and its expression is activated or modified through the targeted
insertion of a regulatory sequence and/or an amplifiable gene by homologous
recombination.

4. A cell as claimed in any of claims | to 3 which is part of a tissue or organ to §
15 be transplanted.

5. A cell as claimed in any of claims | to 3, which is a gene therapy host cell.

6. A cell as claimed in claim 5, wherein gene therapy is somatic or “‘ex vivo”
20 gene therapy.

7. A cell as claimed in any of claims | to 6. further comprising an additional
immuno-suppressive agent, such as IL-10, TGFB or Fas ligand.

25 8. A cell as claimed in any of claims | to 7, further comprising the thymidine
Kinase (tk) gene to be sensitive to the tk-gancyclovir suicide system.

9. A cell as claimed in any of claims | to 8, deriving from transgenic animals.
30 10. A cell as claimed in any of claims | to 9, selected from myoblasts,
fibroblasts, hematopoietic stem cells, embryonic stem cells, foetal liver cells,

umbilical vein endothelial cells or CHO cells.

11. A cell as claimed in any of claims 5 to 10, further comprising exogenous
35 DNA encoding a therapeutic agent of interest.



e entonran o5 5 IR o et
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targeted insertion of a regul atory Sequenc r an anpl i e gene by

henol ogous reconbi nation. 4. A cell as clained in any of cl aipmg kker & cEN
which is part of a tissue or organ to 15 be transpl anted. ﬁ?éﬁfﬁf?“g BEEN
claimed in any of clainms | to 3, which i¥ a gene therapy ho ell.- (%‘%

cell as clained in claim5, wherein gene therapy is somatic or "ex vivo" 20
gene therapyl2.7A odlicsd tlagfed irmnianp bfi dlaiany 5 afr 10, afuithet cbmphsinkuioaenous

conprising a |1l ! ; ssjve. ni Sed L-.-1Q. TCF[err]
or Fas Iigangmgg}_lédéﬁnggé%g% %ldglplﬁr%d&ldn&éﬁ%%% _hf(-l:?ﬁ)g?gesﬁﬁ fotI (%\Ct}?'&nt%'(?;er
conpri si ng t MedHKiNG the s8PIRsior ef ar rpdogsnaus geniseofdRisEssti ve to the

t k- gancycl ovir suicide system 9. Acell as clained in any of clains | to
8, deriving t« t ic_ani nmal S0 .10 A cell as clained im.any of
clams 1 1o 6B AEP TR EnBRRIR A Brotif gicpfisselen Wi oF ool B o
cel | s, enbrydeimnamifectured] smetlivament 4 indnce girbtectiomiiion grift neggotionrigothel i al
celI's or CHOh&®lslitamunk sytegf! | as claimed in any of claims 5 to 10. further
conpri si ng exogenous 35 DNA encodi ng a therapeutic agent of interest.

12. Acell as clained in any of clains 5 or 10, further conprising
exogenous DNM.disxodf ageH as elgsdritiedrip swqefe ctadmanidtoot2 dm tlenplanhfaabire ofj@ane f or

act T vati g OheiRdieht o | RESXBEAESIA 1O A LAARAUR APRBSEL oS!

13. Use of a transnenbrane LAG 3 protein express on e surface or a cell
in the manuf ¥fMe-of a nedi canent to induce protection fromgraft
rejection by a host's i mMmune system 14. Use of a cell as described in any

of clainms 1 %) . f iC t. tai rotection
fromgraft r e?g%%l %na tﬁgﬁé‘gﬁgﬁ ﬁ’ghﬁmgé’@ﬁ?‘grh %TEQ lﬂstgeéwgq%éﬁe t:gg%
descri bed i nM§RAABENE tGibgsmixedowith ¢allst HsSuearrIf eigpns do dfe Fampdadedrert® t o' be
m xed wi th cielduss ptotasioagram gedfyedisction Hiea hsARSpHnaees)stel? i nduce
protection fromgraft rejection by a host's immune system 16. Use of a
cell according to any of clains 1 to 12, for_ the manufacture of a
nedi cament t b-ifiacrss feparducing snesific prosestiopdiiegrainft reiscten jof framsplanted
transpl ant edeells, tissues or organs by a host’s immune system. comprising treatment of the

host patient with a cell according to any of claims | to 12.

20
17. Process as claimed in claim 16, wherein the cell is part of a tissue or organ to

be transplanted.

I8. Process as claimed in claim 16, wherein the cell is a gene therapy host cell.
25
19. Process as claimed in claim 18, comprising:
(1) inserting into the host cell of choice the gene needed for therapy and the gene
encoding the LAG-3 molecule and
(11) introducing cells resulting from step (i) into a host patient in need. :
3¢
. 20. Process as claimed in any of claims 16 to 19, comprising the treatment of a
host patient in need with a small number of cells engineered to express the LAG-
3 gene, to induce protection from graft rejection by the host’s immune system, to
a next administration of the cells, tissues or organs to be transplanted.
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cells, tissues or organs by a host's inmmune system 17. Use according to
claim 16, wherein the cell is part of 1 ﬁmnu‘w to be transpl ant ed.
18.- Use ac®? {33 #8 o cl ai m 16, wherei nﬂlmﬂﬂu ne tACEYERIGORESt
cell. 19. Use according to claim18, wherein'thé cél | is a host cell of
choice, into which the gene needed for therapy and the gene encoding the

LAG 3 nol ecul e have been inserted. 20. Uge according to any of clains 16 to
19, wherein the cell engineered to express the LAG 3 gene is to be

admi ”it ster gd éjﬁﬁa?}fr&@ésk f&eilloMHﬁpﬁietian%fi tﬂ%@?ﬁsfﬁ:?&@rﬁ{:ﬂiﬁﬂg 2 Teliere f%a%d

rej ection by - 0 @a.N . e
cells, ti ssutgt%r %é_ﬂ.g‘fﬁigsteo ee%az]nfzsg%sgnlf%%f’ i e\?\#@@?&%b%@%gbeg fic

PCT/ EP96/ 052 7. Pb%cess for all ow ng rejection of tunor tissue,
conprising engineering said tunor tissue cells to express antisense LAG 3
nol ecul es or ribozymes specific for LAG 3 nessage.



