Hurmani zed Anti-CD4 Antibody wi th | munosuppressive
Properties The invention relates to a humani zed
anti-CD4 antibody, and to its use for

i mmunonodul ati on. Autoi mmune di seases as well as graft
rejection result froman inappropriate imune
response to tissue antigens: self antigens in the
first case, and allograft antigens in the second one.
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cell bearing it (nondepleting-antibodies).

It is generally agreed that CD4" T cells play a
major part in initiating and maintaining autolmmunity.
Accordihgly, it has been proposed to use mAbs against CD4% T
cells surface molecules, and in particular anti-CD4 mAbs, as
immunosuppressive agents. Although numerous clinical studies
confirmed the potential interest of this approach, they also
raised several issues to be addressed in order to make anti-
CD4 mAbs more suitable for use in routine cilinical practice.

By way of example, B-F5 antibody (murine IgGl
anti-human CD4) was tested in different autoimmune diseases:

- in rheumatoid arthritis patients, several open
studies suggested a positive clinical effect of B-F5 at a
daily dose of at Jeast 20 mg (Racadot et al. Clin Exp
Rheumatol 10(4):365-74; 1982; Wendling et al., Clin
'~ Rheumatol, 11{4):542-7, 1992). Howevet, the results observed
in a placebo controlled trial with a daily dose of 20 mg for



daily dose of at |least 20 ng (Racadot et al. din Exp
Rheumat ol 10(4):365-74; 1992; Wendling et al., din
Rheumat ol , 11(4):542-7, 1992). However, the results
observed in a placebo controlled trial with a daily
dose of 20 ng for 2 10 days did not show a
significant inprovenent (Wendling et al. J Rheumatol;
25(8):1457-61, 1998). - in psoriasis, an inprovenent
in psoriatic |esions was observed follow ng a
treatnment at a dose of 0.2 2ng/kg/day to 0.8 ng/ kg/day
for 7 or 8 days (Mrel et al. J Autoinnmun.,
5(4):465-77, 1992) )in nultiple sclerosis (M)
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- in prevention of allograft rejection, a
modification of the biological parameters, indicating an
action of B-F5 in vivo at a 30 mg/daily dose was reported.
However, it was reported that B-F5 bicavailability was not
sufficient to allow its use for prophylaxis of allograft
rejection (Dantal et al. Transplantation, 27;62(10):1502-86,
1%96) .

It appears from the above that a first issue to
“be solved is the need of using high doses of mAb to obtain a
clinical improvement. This may result inter alia from the
poor accessibility to the mAb of the lymphocytes in the
target tissues. The use of higher doses may result in an
excessive action on blood lymphocytes, inducing unwanted side
effects.

Another drawback o¢f therapy with monoclonal
antibodies in humans is that these antibodies are generally
obtained from mouse cells, and provoke antimouse responses in
the human recipients. This not only results in a lesser
efficiency of the treatment and even more of any future



target tissues. The use of higher doses may result in

an - excessive action on bl ood | ynphocytes, inducing

unwanted side effects. Another drawback of therapy

wi t h nonocl onal antibodies in humans is that these

anti bodies are generally obtained from nouse cells,

and provoke antinobuse responses in the human

recipients. This not only results in a |esser

efficiency of the treatnent and even nore of any

future 3 treatment with nodse nonoclonal antibodies,

but also in an increased risk of anaphylaxis. This

drawback can, in principle, be avoided by the use of
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bos%?%ﬂ%?n ing, because they direcily contact the
antigen in the antibody-antigen complex, or because they
influence the conformation of CDRs and thus their antigen
binding performance.

Thus, in most cases it 1is also necessary to
substitute one or several framework residues from the mouse
antibody for the human corresponding FR residues. Since the
numper of substituted residues must be as small as possible
in order to prevent anti-mouse reactions, the issue is to
determine which amino acid residue(s) are critical for
retaining the antigenQbinding properties.- Various methods
have been proposed for predicting the more appropriate sites
for substitution. Although they provide general principles
that may be of some help in the first steps of humanization,
the final result varies from an antibody to another. Thus,
for a given antibody, it is very difficult to foretell which
substitutions will provide the desired result.

The inventors have however attempted the
humanization of mouse B-F5, and have succeeded in producing
humanized B-F5 (hereinafter referred to as hB-F5) having the

same CD4 binding properties than parent mouse B-~F5.



in order to prevent anti-nouse reactions, the issue is
to determ ne which amno acid residue(s) are critica
for retaining the antigen-binding properties. Various
nmet hods have been proposed for predicting the nore
appropriate sites for substitution. Although they
provi de general principles that nmay be of sone help
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QGTKVEIK (SEQ ID NO: 2),

Generally, a hB-F5 antibody of the invention
further comprises a human constant region {Fc). This constant
region can be selected among constant domains from any class
of immunoglobulins, including IgM, IgG, IgD, IgA and IgE, and
any isotype, including IgGl, IgG2, IgG3 and IgG4. Preferred
constant reglons are selected among constant domains of IgG,
in particular IgGi.

The present invention also includes any fragment
¢f a hB-F5 antibody comprising the V reglons thereof. This
comprises in particular Fab, Fab', F(ab)',, Fv and scFv
fragments. ‘

The invention also encompasses a polynucleotide
selected among:

- a polynucleotide encoding a polypeptide of SEQ
ID NO:1;

- a polynucleotide encoding a polypeptide of SEQ
ID NO:Z2.



QGTKVEIK (SEQ ID NO 2). Cenerally, a hB-F5 anti body

of the invention further conprises a hunan const ant
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present invention also incltdes any fragnent of a
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The invention also provides expression cassettes
wherein a polynucleotide of the invention is linked to
appropriate control sequences allowing the regulation of its
transcription and translation in a chosen host cell, and
recombinant vectors comprising a polynucleotide co¢r an
expression cassette of the invention.

These recombinant DNA constructs can be obtained
and introduced in host cells by the well-known techniques of
recombinant DNA and genetic engineering.

The invention alsc comprises an host cell,
transformed by a polynucleotide of the invention.

Useful host-cells within the framework of the
present invention can be prokaryotic or eukaryotic cells.
Among suitable eukaryotic cells, one will mention, by way of
example, plant cells, cells of yeasts such as Saccharomyces,
cells of insects such as Drosophila, or Spodoptera, and
mammal cells such as HeLa, CHO, 3T3, €127, BHK, COS, etc....

The construction of expression vectors of the
invention, and the transformation of host-cells can be made
by the standard techniques of molecular biology.

A hB-F5 antibody of the invention can be obtained
by culturing a host cell containing an expression vector

comprising a nucleic acid sequence encoding said antibody,



The invention al so provi des expression cassettes
wherein a pol ynucl eotide of the invention is linked to
appropriate control sequences allow ng the regul ation
of its transcription and translation in a chosen host
cell, and reconbinant vectors conprising a
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i nvention. These reconbi nant DNA constructs can be
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Moreover, the inventors have found out that hB-FS
. was able to activate a particular subset of T CD4+ cells,
namely CD4+CD25+ cells.

CD25"CD4*  regulatory T  cells (Treg cells)
constitute 5-10% of peripheral CD4* T cells. They were Ffirst
described in 1995 by Sakaguchi et al. (J. Immunol., 155:1151-
1164) as regulatory cells in mice. When activated, these
cells are able to suppress both CD4+ and CD8+ T cell
activation and proliferation. Later, CD25+CD4+ suppressor T
cells have also been found in humans {Jonuleit et al., J.
Exp. Med.193, 1285-1294, 2001; Levings et al., J. Exp. Med.
183, 1295-1302, 2001; Dieckmann et al., J. Exp. Med. 193,
1303-1310 2001). Numerous articles have - been published
describing the immunosuppressive role of these cells in
different autoimmune disease models and in vitro systems (for
review, see for instance Shevach, J. Exp. Med., 193, 11, 41-
46, 2001). Ex vivo activated CD4"CD25* Treg cells have also
been shown to be effective at preventing graft-versus-host
disease (Taylor et al., Blood, 99, 3493-3499, 2002; Cohen et
al., J. Exp. Med. 196, 401-406, 2002; Hoffmann et al., J.



use of a hB-F5 anti body of the invention or a fragnent
thereof, for preparing an i nmunosuppressive
conmposition. Said inmmunosuppressive conposition is
useful in particular for the treatnment or prevention
of di seases such as graft rejection,

graft-versus-host reaction or host-versus-graft
reaction, or autoi mune di seases including for

i nstance nyocarditis, diabetes nellitus, psoriasis,

| upus erythemat osus, Crohn -disease, nmultiple
sclerosis, rheumatoid arthritis, etc . Mreover, the
i nventors have found out that hB-F5 mas able to
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Deselh Sof =GRl BLPECRESha Fheplpyention also relates
to the use of The nhB- Fo antl pody Ot the i nventi on, oOr

of the pat¥ft &rubboess B-¥5oding avbiieat eB+R5vi ¥ 0 and Vi
re@DRbs Ciée kegpbat OFlyT R)WrS-in Figure 1 and Figure 2 and

under sequence identifiers SEQ ID NO:5 and SEQ ID NO:6. The
human Vy and Vk on which the mouse CDRs are grafted were

selected by searching databases for human V4 most like the
original mouse B-F5 Vy and Vk. Vy region of a human antibody
{M26; Accession Number A36006) had the highest homology with
B-F5 Vy. VK region of another human antibody (FK-001; NAKATANI
et al., Biotechnology, 7 (1989), 805-810)) had the highest
homology with B-F5 Vk. '

Two types of Vx differing between them in that
the 4" residue was Leucine or Methionine were constructed and
designated as L4L and L4M. Two types of Vy differing between
them in that the 37™ amino acid residue was Leucine or
Valine, were constructed and designated as H37L and H37V. The
alignment of the polypeptide sequences of B-F5, FK-001, L4L,
and L4M is shown in Figure 3. The alignment of the
polypeptide sequences of B~F5, M26, H37L, and H37V is shown
in Pigure 4. The FR residues previously reported to be
impgrtant for the packing of CDRs (Chothia et al., Nature,



Preferably, the hB-F5 antlbody of the |nvent|on 'S
added to the CD25+CD4+ regulatory T cells at a
concentration of Ig/m from 10g/mM . The present

invention will be further illustrated by the
foll owi ng additional description, which refers to
exanples illustrating the properties of hB-F5

anti bodies of the invention. It should be understood
however that these exanples are given only by way of
illustration of the inventjon and do not constitute
inany way a limtation thereof. EXAMPLE 1:
CONSTRUCTI ON OF HUMANI ZED B-F5 Design of Humani zed
apyl, ms egi e nc nco e
34% )ﬁgs%ﬁH and ’\/kﬁOO%eg ons ar’e J?eggogtctlvéjl %gwglg%l? 187)
argige¥edd and Figure 2 and under sequence identifiers
SEQ I D NOB@ apehSEQrD N TheanBurad) VH a8esYbRsOr v
el ok ht)er gPs1 are grafted were selected by
gearchl ng Taldas€s for human VH nost |ike the
Expregsihal aismaBiEBd\VIEFEHd Vic. VH region of a human
ant i body 6 Accessi on Nurrb r A360 % had t he
hi ghest ~ hdi O SGAERDT BSE%PWH ox Pregrohtof aﬁoPH@?anEd
B- ﬂ@nuﬂranth(bodganéF&@Oﬂlqsd\l/ki%‘b&lﬂlsedeunalus, Patent 5,886,152

foBl pteshin Pey r14.(1989), 805-810)) had the highest
honol ogy with B-F5 Vx. Two thges of Vic differing

bot ween’ t BEHEEAYL RAFPTERRA0R 1o 1R dle 0k TRUICKnEPain (Ve
huiviet v axhi ey ivwer efcenistiroudthed condtadesirgpabedodsal dbmandy-1
chérff:{\/l g TR HARAS & 2 g"' dbfe%i‘?“i@ P%Ié’ﬁe” 67t1h%'7% n L L3t he 1
am no aci resi aue was eucl ne or I n

ch ‘We‘?e EBnQPF‘GBFéﬂdaﬁéga%’%l gHaeed tas %LC%%N@W of
FRed0gnment «faihe pofypephadezsequenaes OufieJBe FSconstructed
y h Le T B

ser i ot REY pArehBas O b dliBelog! Minagiged
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humanized BF-~5. The sequences encoding the 'V region ar

underlined and the corresponding polypeptlde seguences are
indicated above the nucleotide sequence. Both plasmids and
pSV2neo were simultaneously introduced into mouse myeloma
Sp2/0  (ATCC CRL-1581) using Lipofectin™. Transfectomas
producing human IgG were selected by ELISA, using an anti-
human TgG (y chain} antibedy and an anti-human Ig x chain
antibody.

EXAMPLE 2 : CHARACTERISATION OF THE DIFFERENT VERSIONS OF
HUMANIZED B-F5

Estimation of CD4 binding activity

Culture supernatants of transfectomas preducing
the four versions of hB-F5 were collected, and concentrated.
The different antibodies were purified from culture
supernatants by affinity chromatography using protein A
Sepharose and assessed for their CD4 binding activity by
measuring, by means of competitive ELISA, their inhibitory
activities against the binding of blotinylated mB-F5 to
soluble CD4 coated on microtiter plates. Incubation. time is 2
hours for 37°C and overnight for 4°C.



are boxed. By conbining these VH and VK, 4 versions of
V regions were designed. Expression of humani zed B-F5
The subsequent steps for production of hunmanized B-F5
were the same as those disclosed in US Patent

5, 886,152 for humani zed B-B10. Briefly, expression
plasm ds for the H chain (VH humani zed region fused
to the constant region of a hunman y-1 chain
(TAKAHASHI et al., Cell, 29 (1982), 671-679)) and the
L chain (VK humani zed regi 8n fused to the constant
region of FK-001 x chain) of humani zed B-F5 were
constructed separately. In these plasnds, the
expressi ol hupdnattee BoikBing drdoteivibyelshe of  hB-FSs

HheARLeHerhapcet ofhd h8 gene fihu cLppa -
(a:bg ﬁgOl F?guremS andg'%%reés%mect :?\isgl%/%)o L‘Pﬁ Shown in
T §gr‘_re £s9%f the pl asm ds 1egcﬁzdl ng the VH and VK
PP | conallAanecAc na t he

1 CQA Iunu . TTTC—S
\Y reﬁé'lHoH are under‘ﬂdned nd t he Cgﬁé}éwgehbmdé}%@gwyﬂ

nt i de sequences are | indicated above the
nulc_fie’gldﬁ"de s=quenc%4 Bot h |pl asmi ds and §V2neo wer e

si pghtameously int réduced into nouse nyel@ma Sp2/0
(ATCC CRL-1581) usizdg Li pgfecti nTM Transject onas
predewisag human | gG were slel ected by ELI®&p using an
anti- human | gG (y3€hai n) |anti body and aniganti - hunan
| gHRH M n pant i body. EXA*PLE 2 CHARACTERI2BATI ON OF

THE—BHFFERENF—VERSIBONS OF L HUMANLZED B-F510Est i mat i on

of CD4 bi ntiong Aot | veeyl el sheensuper Nalbdet S,0fit appears

thbl‘:aﬁﬁéeg*?@lﬁmﬁeﬁdl@cdﬂ‘gfﬂ,tf]@ué% eg%ﬂ%c%fl Q% FRintain
| | ected,, and conceptr at ed The different
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NOHCt Vi tJrngéoraYﬁ‘éll nstOFhet n&%g BF”%F%‘% rﬁﬁf’fa‘tvé&yrrB g5 the

strgctural difference between *'Leu and *'Val of Vy is not

clearly demonstrated by molecular modeling, the superiority
of H37L to H37V in CD4 binding activity was unexpected.

H37L/L4L and H37L/L4M were chosen for evaluating
the in vitro biological activities.

Investigation of the in vitro biological activities of
humanized B-F5

The in wvitro biological activities of mouse B-F5
and humanized B-F5s (H37L/L4M IgGl and H37L/L4L IgG 1) were
evaluated. Humanized B-F5s of IgG2 type (H37L/L4M IgG2 and
H37L/L4L IgG2) were also tested.

The in vitro biological activities of mB-F5 and
the four types of hB-F5s were evaluated using peripheral
blood mononuclear cells (PBMCs) from healthy donors. PBMCs
were activated by ConA (2.5 pg/ml, 3 days) or PPD (10 pg/ml,
4 days) in the presence of murine or hB—-F5s, and were
monitored for their proliferative responses by °H-thymidine
incorporation.

The results are shown in figures 7 and 8. Murine
and hB-F5s could moderately inhibit ConA-induced
proliferation, but the activities varied from ahtibody £o



sol uble CD4 coated on mcrotiter plates. Incubation.
time is 2 hours for 37C and overnight for 4C. 9 The
relative binding activities of hB-F5s (binding
activity of mB-F5 was taken as 100% are shown in
Table | below Table |I Antibody Tenp (C) Relative
bi nding activity (% of nmB-F5) H37LIL4L 4 80 37 30
H37L/L4M 4 80 37 30 H37V/L4L 4 10-20 37 10 H37V/L4AM
4 10-20 37 10 Fromthe results shown in Table I, it
appears that the 37th resi d®e of VH, Leucine, is
critical to maintain CD4 binding activity of hB-F5
because the CD4 binding activity is several-fold
antddwcad abyl/conversi donof B lLéonto (BiMate n tAleso, murine

arkONt KaLygst he,dth reghdue of Vig s tOUanLQpQElf{Eﬁ PBMC
bi ndi ng activit

Pfé’ﬁﬁé”?ﬁ&é?ﬂdﬁ%&@éﬂé@ BEPWEERIETR ) -and 37Va| of VH is
not cl earlgGdentyser at efl byhBroteculiahibbtedi ngePa-higvduced

s [ ndiLn ct s
e e e R R e

Fl@\7al atd 8¢ hethaf vBr85bi o Btfi chVPEctIsAGRsto be more
efifeeEdvegdthaon DEGA heypa \wift rehbitol aghtalt @ | ubtuestpf was

alﬁ%%n'tih%d én{:ef‘ @emé D] tf‘(%r bggbf%&%lﬁm&%ﬂ hﬁs more

mani zed
TRSIEETAL PeE S TIEPAD: oyaFtatate  FEnbATda 18 Pog N
hatigRlaype ¢H37LddedM L gk binsky HAELA atid g2 rmwesoad SOthe

inhgﬁﬂﬁgry activities of B-F5s against PPD-induced PBMC
proliferation were as follows: H37L/L4M IgGl > H37L/L4L IgGl
> H37L/L4M TIgG2 = H37L/L4L IgG2 = mB-F5

Considering the efficacy of the in wvitro
biological activity and the smaller number of mouse amino
acids, H37L/L4M IgGl was chosen for further evaluation.

EXAMPLE 3: PRELIMINARY EVALUATION OF THE EFFECT OF hB-F5 ON
PATIENTS WITE RHEUMATOID ARTHRITIS (RR).

The effect of hB-F5 (HM37L/L4M IgGl) was tested on
RA patients.

The conditions of the assay are as follows:

Bach patient received a 10 days treatment
consisting of 5 injections of 5 mg of hB-F5 (an injection
every 2™ day).

The results for 3 different patients are shown in
Tables II-IV below:

Patient 1 (Table II)
Diagnosis: Rheumatoid Arthritis, Activity 2

Rheumatoid factor: 2; Stage: 2
Sex: F; Age: 65; Onset of the disease: 1965
Additional therapy: Diclophenac 150 mg/day



The in vitro biological activities of nB-F5 and the
four types of hB-F5s were eval uated using periphera
bl ood nononucl ear cells (PBMCs) from healthy donors.
PBMCs were activated by ConA (2.5 pg/m, 3 days) or
PPD (10 pg/m, 4 days) in the presence of nurine or
hB- F5s, and were nonitored for their proliferative
responses by 3Hthym dine incorporation. The results
are shown in figures 7 and 8. Murine and hB-F5s could
noderately inhibit ConA-induged proliferation, but
the activities varied fromantibody to 10 anti body
and/or from donor to donor (Figure 7). Al so, nurine
—ane—hB-F5s—were-able-to i dRPBIt__Ag- specific PRMC

pr ol fief Aldsenad nduced byBeRI® ( Fi Glres teptmephy - Afprdregiment
b et ftesiduodCan e ndteastient piigrif .‘Fgﬁffg A JTOr € Rt

Edtimegdnio¥ &liryin {oa%s (011GN [aS 7086 T NIRRT D8} 3 [ HF 7 aué‘s 8)

|t MemingBtfess ih gidutet ypd seadsed t © 00es oo oo jabf Ecti vexg

sbJaan of ; Bhysiglaiich i Bhi bi | 81\ &25) 9i[t 9 Was 3
alﬂg“ﬁ@«@xpg) Patientn. b5 3por | 8E3 {3pe3 HB71 /1 4AM Ras

mmat 1 SaAanpe
Number of swollen joints . B 14153, A
MOTEmbet o Bt et e HB7 4t g Bypdof_HB7L/LAM

Wl{dg/j % (0-3h3U arrost g SaRE 4 Thi '21 .U.'?:y

actjvities. |I'n SRR, hes7 TNNH e ¥ @stiagitTes u,%—

B- %’eré"qtg\nﬂst PRettnducedigPBMCl1gono| 15 erpatigon Wer e12as

fEesfimaling of timippys| (M) g > AR7L/ [412.80@ |2.34 3H37L7 LANB

ﬁsaféﬁiOEOﬁ-ﬁ??meﬂﬁL Relie = nB-E5 CpRsiddbding [t he eff| cacy

£ I...effecs NP +.fnph lF'ﬂ"l‘ ool e 3\ iat /4 31 i
Ehyirrobyie sBaitEHAi0n rate 1| O eRr—act ity —anetae-sn
nu RedthivdBiEEiR AT MY — agGi s, AN "\2 W
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Table I}
During treatment After treatme
Clinical investigations Tr[z:{g:g t (gdays) {weeks) "

" 2a 6 810 4

Estimation of pain in joinis (0-10) 8,2 B2 5 (29|22 0,6
Morning stiffness in minutes 240 120 | 120 [ 60 | 20 i0

. - Physician 4 3 3 13]3 2
Severity of condition (1-5) Patient ] 4 3 T3 13 5
Number of swollen joints 13 1241 11| 5 5
Number of painfut joints 22 22 | 16 |15 13 7
Swelling index (0-30) 15 14 1 12 (11| 5 5

. Right 30 30 [ 28 |34 | 36 40

Power in hand Left 22 20 [ 18 11822 28

Estimation of tiredness (0-10) 87 5112212211 0,7
Estimation of treatment Patient 2 4 | 4 (4/5 5
effects Physician 2 2 131455 5
Erythrocyte sedimentation rate 35 38 35
C-Reactive Protein 1,2 0,2 0,8

Patient 3 (Table IV):
Diagnosis: Rheumatoid Arthritis, Activity 3

Rheumatoid factor: 3; Stage: 2
Sex: F; Age: 49; Onset of the disease: 1989
Additional therapy. Diclophenac 150 mg/day



every 2d day). The results for 3 different patients
are shown in Tables Il1-1V below. Patient 1 (Table I1)
Di agnosi s: Rheunmatoid Arthritis, Activity 2
Rheumat oi d factor: 2; Stage: 2 Sex: F; Age: 65; Onset
of the disease: 1965 Additional therapy: D clophenac
150 ng/day 11 Table Il Before During treatnent After
treatment dinical investigations Treatment da s
weeks 2 4 6 8 10 4 Estimation of pain in joints 0-10
4,52 21,53 2,2 3,5 Mrnilgg stiffness in mnutes
360 0 0 90 90 120 20 Severity of condition (1-5)
Physicia 3 3 3 2,53 3 3 _Patient 3 333333
Nomber—of —sweH-er—f-eift-s—6 2624 35%.2 t7a !\.'uin.r_ber nfertreatment
panf@iicgl siverigaios 12 6/ 7 Bgora3 23 SRIFIMY' | ]d&(\b;eeks)n
(0-30) 86 4 2 3 9 Powésalment hamg 7RI gNg TigT i 26— 22 12
Z@tindsiorl & bain ih(oik®(0110) 15 127,49 177 6|ES|V 2itai{s.0f, 50T 13

' fprbsdinags maninute 4 2 3 3802, 3[(8,[D {3 | BTG nmf i on of

itidrert | ysiey 4 345 2 ePfiddtk| Ph 3sizian 3 2 4
wafﬁm?"tf%f’?l, aﬁf@g iedtatioflddidl 238 3L by 2
opluimber of Shallor jeints - T EID T R/ 7T e B Al 51 s
- WhdHtlol FpainfGaiMb TT = [V = “s0 >~ AR BATHS T TH1901 ©
D1 aggesihginddRInesayat ol of AT UIE T UT S ACtd (Vi U1y 15 .
%m}iﬁh&dfact DIRigh?; | St agre: 2136830 361,458 50 48,  OngEt
the

of t] Lsease: | 20600 | Adde4 i ongdo|3ches |y 34 |[Bp|jcl ophedmac
1 E3fi 2jan of {iredne. 0) 11| Bef®%¥ e DIfsd|5?) Otlr @a0ndhnit Aft ep
Fs‘hmg tc? o‘FEé'atmen atient 31373 5|5 5
reat ep Physician 34344 5[5 5
Erythrocyte sedimentation rate 61 53[42] 45 41
C-Reactive Protein ’ 8 3,7 3,3

EXAMPLE 4 : ACTIVATION OF CDA4+CD25+ Treg CELLS BY hB-F5

Isolation of T cells:

1} T regulatory cells (Tregs):

=~ CD25+ cells are isolated using CD25 microbeads;

- Depletion of contaminations: CD14-, CD8-, CDI19-
positive cells is made with CD14/CD8/CD19 DYNALbeads;

- Depletion of CD45RA+ cells is made with CD45RA
mAb + anti-mouse DYNALbeads: purity:> 95% CD4+CD25+ Tregs
2} Effaector cells

- CD4+T cells are isolated using €D4 microbeads

- Depletion of CD45RO+ cells is made with CD45RO+
mAb + anti-mouse DYNALbeads; purity:> 98% Cb4/CD4A5RA+, Cb25-
effector T cells

3) Test system:

CD25+ Tregs from donor A are cocultured for 2
days with syngenic CD2-~depleted PBMC, without additions
(negative control = no activation = no suppressive activity),
or in the presence of 0.5ug/ml anti-CD3 (OKT-3 = positive
contrel = full activation of Tregs), or in the presence of
Sug/ml or 30pg/ml hB-F5.

After extensive washing of pre-cultured cells,

CD25+ Tregs cells are isolated and treated by vy-radiation
{3000 rad).




weeks Cdinical investigations Treatment We2 2 4 4
Estimation of pain in joints 0-10 8,2 8,2 0,6 Morning
stiffness in mnutes 240 120 10 tion (1-5) hysicia 4 3
3332 Severity of condi Patient 4 4 3 3 3 2 Nunber
of swollen joints 13 12 11 11 5 5 Nunber of pai nful
joints 22 22 16 15 13 7 Swelling index 0-30 15 14 12
11 5 5 Power in hand Right 30 30 28 34 36 40 Left 22
20 18 18 22 28 Estimation of tiredness 0-10 8,7 5,1
2,2 2,2 1,1 0,7 Estimation qfs treatnment Patient 2 4 4
415 5 effects Physician 2 2 3 4/5 5 Erythrocyte
~sedinmentation rate 35 38 35 C-Reactive Protein 1 2 0 2
4)0, 1 stPafi sappredsidh] @ck¥yitch agnosi s: Rheumat oi d
Arthritis, Activity 3 Rheumatoid factor: 3; Stage: 2
Sex: F; Ade&EeA%tltoysdt CBESthBrelyseaskls 1089 cocultured for

4 Atzkalét wanal ftaemapylscaacﬁe@pl@@raac:etﬁecf@f df‘Ycé'—lzls T@bhf; from
n r n r
doﬁgr §r3§a£hé %93%&&&;'898 :ea mgﬂ%og%pge t%ﬁ&g oﬁrom

After reMnm1 a s (weeks
dogerpat n { Fﬁn?%rﬂmsferwrﬁ—@uiteredzm CeBl9 Ipd BBlitional

ackivathgnst i Biimegenéic nput @Ff@cR08® & 0c01 HBev EJtéQﬂ@benelc

di 5) i, 3 332 Pat i end
ey T 1SR e Tndng Eefig G N&%&ﬁ%ﬁ fof 16h
WlEQu nﬁurfhmitﬁ%%eeoagq eztoi_tsfquaqlpmo:vig effector T cells is
detected.

The results are shown in Figure 9.

Legend of Figure 9:

- negative contreol (no activation) = preCD25;

- 0.5pg/ml OKT-3 (positive control, full
activation) = preCD25-CD3;

- 5pg/ml hB-F5 (Test-1) = preCD25-CD4;

- 30pg/ml hB-F5 (Test-2) = preCD25-CD4.



Swel ling index (0-30) 15 12 12 9 7 7 6 Power in hand
Right 24 30 30 36 48 48 50 50 Left 24 30 30 38 40 34
40 42 Estimation of tiredness (0-10) 8,5 7,2 5,2 00
O 0 O Estimation of treatnent Patient 3 3 3 555
effects Ph sicia 3 4/3 44555 Ehroc a
sedinentation rate 61 53 42 145 41 C Reactive Protein 8
3, 11 1 3, 3 EXAMPLE 4 : ACTI VATI ON OF CD4+CD25+ Treg
LS BY hB-F5 Isolation of T cells: 1) T regulatory
cells (Tregs): - CD25+ cells are isolated using CD25
m cr obeads; - Depletion of contam nations: CD14-,
CD8-, CD19- positive cells is made with CD14/ CD8/ CD19
1. DYNAL bmatmjzed BapiCil4 cmtibéd;(:Mﬁélmbin@ ltg drs epitdpe vt which

. NALbea '
o galBody (BN IR B MG BRRSBE bhekafing Tz oo
reguiadyt Badelksi ngarﬁﬁ)éthdsrimmhﬂaﬁ antibddgnhBtF %) ris deri GUHBOrmouse
[ J
R B CL APHGody beCoat CPIRA. S 5 S cpribogiy bop V
dof@ins YeBuedpsihe RIBSWHE polypeptidy Rgserce@m donor A are
cocultured for 2 days Wi t syngenl c CD2-depl et ed

~ Pawhaingy dersgin: additi ons (negative control = no
E@{LW@GG@LV%F@G@?HWSM | _%gﬁ%[‘)ﬁRWWLKﬁAP@KHL%MGWS

esence 1-3 = poSitive
VI@‘HEM Y@IAMYﬁESNmWKNWr SEKTEDTAYYYCSASY

e V@@éﬂureﬁo@?@%}i Tregs colls ars

- |B0h£hé.ddam@lntreat ed by y-radiation (3000 rad). 13

4 . iy ]
DihESSoRt AR R GRAS ST ST witi GReEdppiLLIy
LASILESGVPDRFSGSGSGTDFTLTISSLQAEDVAVYYCQHSRELPWTFGQGT
KVEIK(SEQ ID NO: 2).

2. A humanized antibody according to claim 1, which is the hB-F5 antibody.

3. A fragroent of an antibody according to claim 1 or claim 2, which is capable of
activating CD25CD4* regulatory T cells.

4. A fragment of an antibody according to claim 1 or claim 2, wherein said
fragment comprises the V domains SEQ ID NO: 1 and SEQ ID NO: 2.

5. A polynucleotide selected among :

- a polynucleotide comprising a sequence encoding the H chain V domain of
SEQ ID NO:1; '

- a polynucloeotide comprising a sequence encoding the L chain V domain of
SEQ ID NO:2. |

6. A polynucleotide according to claim 5, which is seleoted among:
- a polymucleotide comprising the sequence SEQ ID NO: 3;
~ a polynucleotide comprising the sequence SEQ ID NO: 4.



4 days with freshly isolated CD4+ effector T cells
(1:1) from donor B in the presence of APC s
(CD2-depl eted PBMC) from donor A (syngenic for
pre-cultured T cells (no additional activation),

all ogeneic for effector T cells (= allogeneic m xed
| ynphocyte reaction). Theﬁ 5ceI | s are incubated for
16h with 3H Thym di ne, d'proliferation of effector
T cells is detected. The results are shown in Figure
9. Legend of Figure 9: - negative control_(no

7. acth@ﬁ#ﬁ@ﬁ*}mcﬁvm Compyisig Arjungizeg w@@ﬂrufxﬁ@lmm 1 or

t = preCD25-CD3; 5pg/m hB-F5
da%pgs&fﬂfaraé"%dtOfa%%&hﬁﬂ’-\‘430pg/m hB-F5 (Test-2) =

preCD25-CD4. 14 Cdains 1. A humani zed anti-CD4

ant S i.t ope._ t.o. i ch hurml ed.
8. 2 TROGY. R sileddi Al Snb oy b SRikOP S; 8ol G etk of Siien
3 oadnmwa;fongre@}aﬁﬁ’@hn mnumfsgppratsi)\rcyco”ﬁ:;ﬁﬁitioa. wherein the

humani zed anti body (hB-F5) is derived from nouse
nmonocl onal anti-CD4 anti body B-F5, and wherein said

9. hB-Fhe aauofmmmmct\énuﬂmwﬂmﬂef bNEEinDY, dtefrhdhd® W BBim

EO%'%EQ e se uences -.H chain V domai n:
3 PROSERALER P BERiNg RS tnsERpEiSction,

grafR B GON ek R R A4S QANSLKTEDTAVYYCSASY
YRYDVGAWFAYWGQGTLVTVSS (SEQ ID NO 1) L chain V

domal n: DI VMIQSPDSLAV

105, SRS UM L g

» TorvRepgrBEOa | OTIYOsition. fop treatie wapirsedting tautyiynune
S%ggordl ng to claiml1, which is the hB-F5 anti body. 3.
ragment of an ant| body according to claim1 or
claim2, which | s capabl e of activating CD25+CD4+

re at.or fra nt, of an anti bad
11.] SHAZRLYGLs 5 L, R B e AR ot
d1aiﬁetasgmﬂttus; eSEridsie $upu e:rﬁhéﬁmsm,scﬁﬂiQsl Bsddek, huhipk §E@os1s
or rLeumNcgde arthritis.

12, The use of a humanized antibody of claim 1 or claim 2, to activate in vitro
CD25"CD4" regulatory T cells.



5 A poI ynucl eoti de sel ect ed armng - a
pol ynucl eoti de conprising a sequence encodi ng the H
chain V domain of SEQ ID NO 1; - a polynucl oeotide
conprising a sequence encoding the L chain V donain of
SEQ ID NGO 2_ 6. A polynucl eotide according to claimb5,
which is selected anong. a pol ynucl eoti de conpri sing
the sequence SEQ ID NO 3; a pol ynuel eotide conprising
the sequence SEQ ID NO dgs4lfps-deq.Arisher apeutic
conposi tion conpri SSERYENEE unsemiczed anti body of claim 1
or claim2, or a fragnent of claim3 or claim4. 8.
The use of a humani zed anti body of claim1l or claim2,
<1gP> a PEA@AEWENt of claim 3 or claim4, for preparing an
| MMARRSHBP! §§%{ ve conposition. 9. The use of a
humani zed ant i body of claim1 or claim2, or a
fragnent of claim 3 or claim4, for preparing a
<10647P AGAlIL raft
rejecti on% éﬂ\lf %64\?2&?.&%0\1?%%?1 ?ﬁ%@ R%PSIVE PROPERTIES
host -versus-graft reaction. 10. The use of a humanized
<1apy i h_ﬂ:(h(h.[}gfg.{;ﬁd@l m1l or claim2, or a fragnent of claim
3 or claim4, for preparing a conposition for treating
or preventing autoi mune disease. 11. Use according
<16® ckai m 10, wherein the autoi mune disease is
myocarditis, diabetes nellitus, psoriasis, |upus
erythematosi s, Crohn's disease, nultiple sclerosis or
<1Frheurdent™h adished Gig. 12. The use of a humani zed
anti body of claiml or claim2, to activate in vitro
CD25+CD4+ reqgul atory T cells. 0884-005- SEQ ST25
<2BEQUENCE LI STI NG <110> DI ACLONE W JDENES, John <120>
Zﬂgoh@g'ﬁZED ANTI - CD4 ANTI BODY W TH | MMUNOSUPPRESSI VE
TIES <130> MIP/ ah-884/5EP <160> 6 <170>
<2Ratemrin version 3.1 <210> 1 <211> 124

<213> artificial sequence

<220>

<223> Vv domain of H chain of humanized antibody har-5

<400= 1

Glu Glu Gln teu val Glu ser Gly Gly Gly Leu val Lys Pro Gly Gly
1 5 10 15

Ser Leu Arg Egu ser Cys Ala ala §§r Gly Phe ser phe Ser Asp Cys
30

Arg Met ;gr Trp val Arg Gln gaa Pro Gly Lys Gly Leu Glu Trp Ile
45

Gly val Ile ser val Lys Ser Glu Asn Tyr Gly Ala Asn Tyr Ala Glu
50 55 60

Ser val Arg Gly Arg Phe Thr Ile Ser Arg Asp Asp Ser Lys Asn Thr
65 70 75 " 80

Va] Tyr Leu GIn Met Asn Ser Leu Lys Thr Glu Asp Thr ala val Tyr
85 90 a5

Tyr Cys ser Ala Ser Tyr Tyr Arg Tyr Asp val Gly Ala 7Trp Phe Ala
100 105 110
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<212> PRT <213> Artificial sequence <220> <223> V.
domain of H chain of humani zed anti body hBF-5 <400> 1
GQu Qu Gn Leu Val Gu Ser dy Ay Ay Leu Val Lys
Pro Ay Gy 15 10 15 Ser Leu Arg Leu Ser Cys Al a
Ala Ser Ay Phe Ser Phe Set- Asp Cys 20 25 30 Arg Met
Tyr Trp Val Arg G n Ala Pro Ay Lys Ay Leu Qu Trp
Ile 35 40 45 dy Val Ile Ser Val Lys '\S/e:r Sru ésn X}r/r
Gy Ala Asn Tyr Ala Gu - ) r Va g y g
Phg Thr e Sgr Arg Asp Ai‘?g (g}gr&%ygéisn Thr 65 70 75

L L Thr G u Asp
TﬁOTrp Va'f #gﬁhéé‘eg('\)?%ﬁﬁr ?S'eéﬁ eé@ryi\la rSer Tyr Tyr

Arg Tyr Asp Val Ay Ala Trp Phe Ala 100 105 110 Page

0884-005-SEQ ST25 Tyr Trp Ay Gn @y Thr Leu Val
<2% f \g/al Ser Ser 115 120 <210> 2 <211> 111 <212> PRT

<234 331Nrtificial sequence <220> <223> V dommin of K

<2g§5a| pr2f humani zed anti body hBF-5 <400> 2 Asp Ile Val
'Fw G n Ser Pro Asp Ser Leu Ala Val 5er Leu Ay 1

<253>10A'115ﬁ@au diagentlea Thr Ile Asn Cys Arg Ala Ser Lys

5er Val 5er Thr 5er 20 25 30

<220>

<223> V domain of K chain of humanized antibody hBF-5

<400> 2

Asp Ile val Met Thr GIn Ser Pro Asp Ser Leu Ala val Ser Leu Gly

1 5 10 15

Glu Arg Ala Thr Ile Asn Cys Arg Ala Ser Lys Ser val Ser Thr ser
20 25 30

Gly Tyr ger Tyr Ile Tyr Trp Tyr GIn Gln Lys Pro Gly Gin Pro Pro
5 40 45

Lys Leu Leu Ile Tyr Leu Ala Ser Ile Leu Glu Ser Gly val Pro asp
S0 55 60

Arg Phe ser Gly Ser Gly Ser Gly Thr Asp phe Thr Leu Thr Ile ser
65 70 75 80

Ser Leu GIn ala Glu Asp val Ala val gyr Tyr Cys GlIn His Ser Arg
85 0 9

- Glu Leu Pro Trp Thr phe Gly GIn Gly Thr Lys val GTu Iler Lys
100 105 110

<210> 3

<211> 372

<212> DNA

<213> Artificial sequence

<220>
<223> V domain of H cahin of humanized antibody hgF-5

<400> 3
gaggaacagc titgtggagtc tgggggaggc ttggtgaaac ccggaggttc tctgaggcte 60

tectgtgeag cctcgggttt cagtttcagt gactgecgga tgtactgggt tcgccagget 120
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'Giy Tyrrr 5er Tyr Ile Tyr Trp Tyr Gn AGn Lys Pro Gly

Gn Pro Pro 35 40 45 Lys Leu Leu Ile Tyr

Ile Leu Gu 5er dy Val

Gy Ser Ay 5er Ay Thr Asp Phe Thr

65 70 75 80 Ser Leu Gn Ala Qu Asp Va

Leu Al a 5er

Pro Asp 50 55 60 Arg Phe Ser

Leu Thr

Tyr cys Gn H's 5er Arg 85 90 95 Gu Leu Pro Trp

Phe Ay @n @y Thr
<210> 3 <211> 372

Lys

Val

GQu lle Lys
<212ggdMNhps<2dgzrAytificial sequence

Ile Ser
Ala Val Tyr
Thr
100 105 110

<220> <223> V domai n of H cahin of humani zed anti body

CCIPBRRA99 AWAGARRIBI JAYTALAR HY R THICRIGE AP ET ARG RY) g akagesca
aafthg@lagoanctRoiy 3getdoa t{ ChoRgohE flardatel AL IEAGa g

tttcagt gactgccgga tgtactgggt tcgccaggct
aaggé‘t%aaﬁg%ﬁmgmmsacte cCHEGasty tygeugeagt g 300
Q3cdBgtc

caa gagatgattc

CCtC%b

oteE3EecHp

tegattagt girgcRicht GagdcarRAt flgdagas Jgt_;gécgg
aattatgcag agtctgtgag gggcagattc actatt

gttt ca

actYiedhicdcg 240 gtctatctge agatgaacag cttgaagacc

gaagacactg ccgcttatta ttgtagtgcc 300

tcctattata

180
240

360
372

<2)pt dcgacgt gggggectgg tttgettact ggggccaagg gact ctggtc
21360 33gctgtctctt ca 372

<213> Artificial

sequence

<210> 4 <211> 336
<220> <223> v domain of K

<23hai®™Aof humani zed anti body hsF-S

<213>

<220>
<223>
<400> 4

gacatcgtga tgacccagtc tccagactcc ctggotgtgt:

atcaactgca
cagcagaaac
ggggtcccty
agccetgcagg

acgttcggec

<210> 5

<21l> 372
<212>
<213>

DNA

Mus

<400> 5
caggaatacc

tcetgtgtea
ccagggaagg
aattatgcag
gtctatctge
TCCtattata

actgtctctg

<210> 6

gggccagcaa
caggacagcc
accgattcag
ctgaagatgt

aagggaccaa

musculus

ttgtggagac
cctegggttt
ggctggagtg
agtctgtgag
agatgagcag
ggtacgacgt

ca

Artificial sequence

aagtgtcagt
tcctaagetg
tggcagcggyg
ggcagtttat
ggtggaaatc

€gggggaggc
cagtttcagt
gattggtgtg
gggcagattc
attgagagag

g9g9gggccrgg

acatctggct
ctcatttacc
tctgggacag
tactgtcage

aaacgt

ttggtgaggc
géctgccgga
atttcagtca
actatttcaa
gaagacactg

tttgcttact

Page 3

v domain of K chain of humanized antibody hBF-5

ctctgggcga
acagrtatat
ttgcatccat
atttcactct

acagtaggga

ctggaaattc
tgtactggct
aatctgagaa
gagatgattc
ccacttatta

9gggccaaqqg

<212> DNA

gagggccace
atattggtac
cctagaatct
caccatcagc

acttccgtgg

tctgaaactc
tecgecagect
ttatggagca
aaéaagcagt
ttgtagtgcec

gactctggte

60
120
180
240
300
336

60
120
180
240
300
360
372



<400> 4 gacatcgtga tgacccagtc tccagactcc ctggctgtqgt
ct ct gggcga gagggccacc 60 atcaactgca gggccagcaa
aagtgtcagt acatctggct acagttatat atattggtac 120
cagcagaaac caggacagcc tcctaagctg ctcatttacc ttgcatccat
cctagaatct 180 ggggtccctg accgattcag tggcagcggg
tctgggacag atttcactct caccatcagc 240 agcctgcagg
ct gaagat gt ggcagtttat tactgtcagc acagtaggga acttccgtgg
igo acgtt cggcc aagggacesza-@gtggaastsc aaacgt 336
211888 5 <211> 372 <212> DNA <213> Mis nuscul us <400>
<212> caggaat acc ttgtggagac cgggggaggc ttggt gaggc
21& gaaattc tctgaaactc 60 tcctgtgtca cctcgggttt
<2185 9tT @48t Y8ict gccgga t gt act gget t cgeccagect 120
ccagggaagg ggctggagtg gattggtgtg atttcagtca aatctgagaa
40g@gtggagca 180 aattatgcag agtctgtgag gggcagattc

- aa t 240 tctatct gc
s oAt agg %ﬁgggggéé%cggg g%?&%bcﬁgﬁ@? ?%%@F§¥égtgc@)
atcg@@gcat @Gm@agfaitaaa@gy‘a:cagaczg:htggggtg CCigd@atdt gedrkagdac 120

C ctct ca 372 <210> 6
ca A A S el & 5 e s o oo
99IRNES < ¥A SEAHIYBCag<vifli0ag o g acabdogtar atmaa&agt&chﬁ&bt Cttgsp
cc t cacc 60 atctcat
t%%g%%&ag%%gg?&& %&gg‘g‘?ag% GOt 2eRo43Y9%4t %Ctttg HO8 ggt 3RO

aCQ‘ItEQthca%aﬂagféﬁaécgcc;a@egmcaga@acmcqaamgcmcﬁc@gﬁtec 360
arctdgER! esatagghaggat ct 180 ggggtccctg gcaggttcag

t ggcagt ggg tgggacag acttcaccct caacatccat 240 383

cct gt ggagg aggaggat gc tgcaacctat tactgtcagc acagtaggga

acttccgtgg 300 acgttcggtg gaggcaccaa gctggagatc

aaacgggctg atgctgcacc aactgtatcc 360 atcttcccac

catccagtga gca 383 Page 4
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