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.CD2-BINDING DOMAIN OF LYMPHOCYTE
SSOoC D G 3

_.This invention rélates to DNA sequences

5 encoding and polypeptides which comprise the
CD2-binding domain of Lymphocyte Function Associated
Antigen 3 ("LFA-3") and to recombinant DNA molecules
for expression of those polypeptides. In accordance
with this invgntion, unicellular hosts transformed with

10 the DNA sequences and recombinant DNA molecules
containing these DNA sequences may be prepared and used
to produce proteins and polypeptides comprising the
CD2-binding domain of LFA-3. The peptides,
polypeptides and proteins of this invention are useful

15 in the study of interactions between CD2 and LFA-3, in

| diagnostic and therapeutic compositions, in antibody
screening or purification methods and in other methods
of this invention.

20 | T-lymphocytes play a major role in the immune
response by interacting with target and antlgen
presentlng cells. T—lymphocyte-medlated killing of

. target cells is a multi-step process 1nvolv1ng adhesion
of cytolytic T-lymphocytes to target cells. The

25 initiation of the immune reéponse to most antigens
involves adhesion of helper T-lymphocytes to antigen-
presenting cells. ' o -

~ This Sheet Has Been R
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20 - ’ T-1 ynmphocyt es play a mgjor role in the i mune response by

|D{eract|ng with target and antigen presenting cells.
T-1ynphocyt e-nedi ated killing of target cells is a nulti-step process
I nvol vi ng adhesi on of cytolytic T-lynphocytes to target cells. The 25
initiation of the inmune response to nost antigens - involves adhesion of
hel per T-I|ynphocytes to antigen- ‘presenting-cells.

. -2- : These interactions of T-lynmphocytes with target and
antlgen presenting cells are highly specific and depend on the

recog][n t |hon of - an anti gen Thesec interactdons ofnMi-dymphoeybes nithel | by
one o e many 2 Ci.f n
T-1 ynphocyt es. Rarfl dc‘?‘%&"%i‘cé’%t%%%% Ang Yoy r%eaw f‘ﬁ%ﬂy specific

Igen i nt efact
T-1 %/rrphocyt tes anand deperd lon ithe aedognitdempfy an antigemm.an hecyt e
surface proteins C I
taltgbt, chggﬂyfq\%fe&r{ﬁ?ﬂown s lche G%S tHY @WEReSSory

nol ecul es CM4, The 1 nteraction of nphocytes

and ot her cel I5s ispesifdcantigen receptarss any the rﬁﬂ%f&ﬁeesoélsuch as
| CAM 1, MHC cl assf.llya@j,ddy@gi _ .

The receptor-antigen interaction of
T-lymphocytes and other cells is facilitated by various
T-lymphocyte surface proteins, e.g., the antigen-

10 receptor complex CD3 and accessory molecules CD4,
LFA-1, CD8 and CD2. The interaction of T-lymphocytes .
and other cells is also dependent on accessory
moleculés, such as ICAM-1, MHC class I and II and
LFA-3, that are expressed on the surface of target or

15 antigen-presenting cells and thereby play a role in the
action of T-lymphocytes. One general hypothesis is
that accessory molecules on the T-lymphocytes and on
the target or antigén-presenting cells interact with
each other to mediate intercellular adhesion.

20 .Accordingly, these accessory molecules are believed to
enhance the efficiency of lymphocyte/antigen-presenting
cell and lymphocyte/target cell interactions and to be
important in cell adhesion-based pathologies (such as
leukbcyte/endothelial cell interaction leading to

25 pathologic inflammation) and lymphocyte recirculation.

'~ Accessory molecules are also involved in activation of
lymphocytes.

One important example of cell-cell
interaction mediated by accessory molecules is the

‘30 specific interaction between CD2 (a T-lymphocyte
accessory molecule) and LFA-3 (a target cell accessory
molecule). CD2/LFA-3 binding appears to be essential
for many important cell-cell reactions, including the
initiation of the T-lymphocyte functional responses

35 (Dustin et al., J. Exp. Med., 165, pp. 677-92 (1987) ;



LFA-3, that are expressed on the surface of target or 15 antigen- presentlng

cel'ls and thereby play a role in the action of T-1lynphocytes. One.
general hypothesis is t hat accessory nolecul es on the T-1ynphocytes and
on “the target or antigen-presenting cells interact with each ot her
to nediate intercellular adhesion. 20 Accordingly, these accessory

mol ecul es are believed to enhance the efficiency of

| ynphocyt e/ anti gen-presenting cel |l and I¥nphocyte/target cell

i nteractions and to be inportant in cell adhesion-based pathologies

(such as | eukocyt e/ endqt el | t di

pat hol ogic infl a%”&ﬂt ng@e‘c%gﬁ%‘d -2 l%QAccessor.y

mol ecul es are al s(agmol.ved‘hen Ja\pqm:anam off the QDR/IRAYA @emplex in

One inportant ex Ie f rgﬁg capssory -
nol ecules is the% sp?%m]’f I'C |e$'erac 5 rﬁet ween%& ot -ly s(f:@)lcyt e d
accessory nol eculpyrified AR é’ltﬂﬂ‘sg&" &3 %é‘é&cﬁ' face rf'ri?ecul e).
CD2/ LFA- 3 bi ngj nep ARRgMHcTY e (IRFERST et al., fo_ Ry Medbo; tpes, cel | - cel |

e ons LT e b S e oL (oo
- 3- T-lymphocytes binds LFA-3 on cell surfaces and inhibits
| the binding of LFA-3-specific monoclonal antibodies
("MAbs") to LFA-3 (Selvaraj et al., Nature, 326,
10 pp. 400-403 (1987)), and that rosetting of human
erythrocytes, which express LFA-3, to cells expressing
CD2 is blocked by anti-LFA-3 MAbs and anti-CD2 MAbs

(see, e.g., Seed et al., Proc atl. Acad. Sci. USA,
84, pp. 3365-69 (1987)).
15 LFA-3, which is found on the surface of a

wide variety of cells including monocytes,
granulocytes, T-lymphocytes, erythrocytes,
B-lymphoblastoid cell lines, thymic epithelial cells,
and vascular endothelial cells, has become the subject

20 of a considerable amount of study to further elucidate
its role in various T-lymphocyte interactions. Two
natural forms of LFA-3 have been identified. One form
of LFA-3 (“"transmembrane LFA-3") is anchored in the
cell membrane by a transmembrane hydrophobic domain.

25 cDNA encoding this' form of LFA-3 has been cloned and

- sequenced (see, e.g., Wallner et al., g;_ggg;_!gg;,
166, pp. 923-32 (1987)). Another form of LFA-3 is
anchored to the cell membrane via a covalent llnkage to
phosphatidylinositol ("PI")-containing glycolipid.

30 This latter form has been designated "PI-linked LFA-3",
and cDNA encoding this form of LFA-3 has also been
‘cloned and sequenced (Wallner et al., PCT patent
application WO 90/02181).

Although the DNA sequence of the LEA-S'gene'

35 and the primary amino acid sequences of both forms of



Springer et al., Ann. Rev. Inmunol., 5, pp. 223-52 (1987)). The
I:sportance of the CD2/LFA-3 conplex in cell-cell adhesion is indicated
by the findings that purified LFA-3 binds to CD2 on the surface of 5
T-1ynphocytes (Dustin et al., J. Exp. Med., 165, pp. 677-92 (1987)),
that CD2 purified from T-1 ynphocytes binds LFA-3 on cell surfaces and

I nhibits t he blndlng of LFA-3-specific nonoclonal antibodies (" MAbs")
to LFA-3 (Selvaraj et al., Nature, 326, 10 ‘pp. 400-403 (1987)), and that
rosetting of human erythrocytes, which express LFA-3, to cells

expressing . Chpssbhagkeiiath alberhiifiod MAkS dedanl s @R dibs | (sco

e.g., Seed et al 84, pp 3365-69 (1987)).

15 LFALBtemaictions besweeno AFAN3 audi 4ts Fecgptony EPA,hag y of
CBe:'S ihng: udi ngd l?&%%ousle(gb%@zﬂq hs,fﬂélﬂl.yrrﬁmﬁei:s agrnéé&wt es,
-1 ynphobl ast oi d".cel [ I nes |t i a ce v

endot hel i al cel | $dentd fy-EhRe 3€R§Ga3fhﬁP%ﬁ§ﬁ6%ht of

study to furt Iser b@tt@rdmerstau@m Gpeml\fém dmﬁ:e‘i‘dqti;dmd:;&mvreen cnz

i nt eracti ons. atur.al f t

form of LFA— ?"P' F‘I’gné a%@mi. 220\ o %@‘ﬁ.’or g‘? ddiﬁ?'déé %e

menbr ane by a trmﬂMnm&Wﬁ@mMmmc%e&m%m@@ngm orm
of LFA-3 has bee %3,% ﬁ,%.f& pl\a_gu n%u&; al ., J.

Exp. Med. Anot'her formof LFA-3 i
anchored to the daﬂormﬁ%%évqn v e hisefitd Ade & yariety 'Gf other

phosphat i dyl llbeS'at;{(ynha?hans GRH I diagtﬁsﬁw art) thidrapéutier form

has been desi gnaté€ Pl -1 nked LFA-3" fai enc,é)ﬂ a this form of

LEA-3 has al so b&ompositions, proteirn puri catlon, an 5&
identification and purification, and comparative and

structural studies of LFA-3 and other proteins.

15 - This invention addresses the aforementioned
needs by identifying the CD2-binding domain of LFA-3
and providing nucleotide sequences defining the CD2-
binding region of LFA-3 and CD2 binding polypeptides
encoded by those sequences. The present invention

20 provides polypeptides having the amino acid sequence:
xl-xz-(SEQ ID NO:1) Asn Arg Val Tyr Leu Asp Thr Val Ser
Gly-Y, wherein:

X, is hydrogen or methionyl;
X,, if present, is a polypeptide having the

25 following amino acid sequence or a portion thereof
consisting of the carboxy terminal 1 to 77 amino acids
of the sequence (SEQ ID NO:5): Val Ala Gly Ser Asp Ala
Gly Arg Ala Leu Gly Val Leu Ser Val Val Cys Leu Leu His
Cys Phe Gly Phe Ile Ser Cys Phe Ser Gln Gln Ile Tyr Gly

30 Val Val Tyr Gly Asn Val Thr Phe His Val Pro Ser Asn Val
Pro Leu Lys Glu Val Leu'Trp Lys Lys Gln Lys Asp Lys Val
Ala Glu Leu Glu Asn Ser Glu Phe Arg Ala Phe Ser Ser Phe
Lys; |



cl.oned and sequenced (Wallner et al., PCT patent application WO

90/ 02181) . Al t hough the DNA sequence of the LFA-3 gene 35
and the primary am no acid sequences of both fornms of

- 4- LFA-3 have been determ ned, the actual site of i nteraction
between LFA-3 and its receptor, CD2, has not previously been identified.
There is a need to  identify the CD2- blndlgg domain on LFA-3 in order to
5 better understand the specific interaction®between CD2 ~ and LFA-3 and,

t hereby, to effect and nDduIate t he cellular and |nnunolog|cal processes

t hat are dependent : {i

I nformati on woul d al so be ll}‘?ciﬁ#?ijh '%nvag %%ﬂ%{ ﬁ?ﬁca&%

i ncl udi ng di agnosminaacidgegienge or a m%mn |'§i’¥§3’-‘e cﬁ@ﬁﬂ-Stlng of
purification, a”tﬁﬂé’%mo-ﬂéiﬁﬁﬂafl PP B A IHE 'aiéiifé |t s éQuerReat | ve

and structural studi es of LFA-3 and other proteins.
(SEQ ID NO:33): Ser Leu Thr Ile Tyr Asn Leu Thr Ser
5 Ser Asp Glu Asp Glu Tyr Glu Met Glu Ser Pro Asn Ile Thr
Asp Thr Met Lys Phe Phe Leu Tyr Val;

and analogs and derivatives thereof,

said polypeptides being capable of binding to CD2.
_ In another embodiment, the present invention
10 provides polypeptides having the amino acid sequence:
X -(SEQ ID NO:1) Asn Arg Val Tyr Leu Asp Thr Val Ser
Gly-Y, wherein:
X1 is hydrogen or methionyl;
X,, if present, is a polypeptide having the
15 following amino acid sequence or a portion thereof
consisting of the carboxy-terminal 1 to 50 amino acids
of the sequence (SEQ ID NO:2): Phe Ser Gln Gln Ile Tyr
Gly Val Val Tyr Gly Asn Val Thr Phe His Val Pro Ser Asn
Val Pro Leu Lys Glu Val Leu Trp Lys Lys Gln Lys Asp Lys
20 Val Ala Glu Leu Glu Asn Ser Glu Phe Arg Ala Phe Ser Ser
Phe Lys;

Y is hydroxyl or a polypeptide of the following
amino acid sequence or a portion thereof consisting of
the amino~terminal 1 to 10 amino acids of the sequence

25 (SEQ ID NO:3): Ser Leu Thr Ile Tyr Asn Leu Thr Ser
Ser;
and analogs and derivatives thereof,
said polypeptides being capable of binding to CD2.
The invention also provides DNA sequences
30 encoding the above polypeptides, recombinant molecules
containing those DNA sequences, hosts transfected with
such DNA sequences and molecules and methods of making
the polypeptides recombinantly, synthetically or semi-
synthetically. |



15 °° This invention addresses the aforenentioned needs by

| gdenti fying the CD2-binding donmain of LFA-3 and providi ng nucl eoti de
sequences defining the CD2- bi ndi ng regi on of LFA-3 and CD2 bi ndi ng
pol ypepti des encoded by those sequences. The present invention 20
provi des pol ypepti des having the am no acid sequence: X1-X2-(SEQ I D
NG 1) Asn Arg Val Tyr Leu Asp Thr Val Ser — ¢ LG y-Y, wherein:

X[err] is hydrogen or nethionyl; ~Xerr], if present, is a

pol ypepti de having the 25 follow ng am no acid sequence or a portion

t her eof consi sting of the pVlyPeptides of this infentiion axelusefubf

Gy Val Lou sor M SyzeneRing, disesked, tnataci¥tidd ny s ﬁe&fé‘#"jg@’phe
Ser An Gn |le apsefice 3F CB omlthe suBfacks of/partiicudar 14elds|amt o Ser

Asn Val Pro Leu € Tr A
G u Leu Gu Asn ga%r éa)éu%tﬁﬁe% t}?;%ligqa‘é st‘]%dggir\aégﬁ ﬁ}w %‘ﬁ%/‘shw&‘\@é the 2
-5 5Y IFATANCDRy IcamPIeXol ypepti de of the follow ng amino acid

sequence or a portion theragfe GIYpdptidicd of this invention and the
DNA sequences encoding them may also be used to prepare
recombinant or synthetic fusion proteins, which
comprise a functional CD2-binding domain or polypeptide

10 of LFA-3, as defined above, and another domain of a
protein or polypeptide other than LFA-3. The CD2-
binding domain portion of the fusion proteins allows
the other polypeptides to be targeted specifically to
CD2-expressing cells (CD2+ cells). DNA sequences

15 encoding these fusion proteins are also part of this
invention.

_ One .example of such fusion proteins of this
invention is novel fusion proteins containing a portion
of LFA-3 containing a functional CD2-binding domain, as

20 defined above, fused to at least a portion of the Fc
region of an immunoglobulin (Ig). Unexpectedly, the
LFA-3-1Ig fusion proteins of this invention inhibit
T-lymphocyte activation and proliferation of peripheral
blood lymphocytes.

25 ' It is a further aspect of this invention that
the polypeptides and fusion proteins of this invention
may also be used to label CD2 molecules, for example,
soluble CD2, in solution or on the surface of
T-lymphocytes or other CD2-expressing cells. The

30 polypeptides and fusion proteins of this invention may

~also be used to label any protein, polypeptide or
peptide comprising the domain of CD2 which binds LFA-3,
for example, in a fusion protein generated using
recombinant DNA techniques.



the amno-ternminal 1 to 32 anino acids of the sequence (SEQ I D NG 33):
Ser Leu Thr Ile Tyr Asn Leu Thr Ser 5 Ser Asp Gu Asp u Tyr Gu Mt Gu
Ser Pro Asn |Ile Thr Asp Thr Met Lys Phe Phe Leu Tyr Val; and
anal ogs and derivatives thereof, sai d pol ypepti des bei ng capabl e of

bi ndi ng to CD2. : In anot her enbodi ment, the present invention
10 provides polypeptldes haV|ng the am no gotd_sequence:
Xerr]-Xerr]-(SEQ ID NO 1) Asn Arg Val Tyr Leu Asp Thr Val Ser ay-v,
wherein: - Xerr] is hydrogen or nethionyl; Xerr], if

present, is a pol ypeptide hd fbiyiepideal | MusHBN st diseenap 2

portion thereof _, consisting of tthe carboxy-termnal ™1 to 50 am no acids

of the sequence GQESQW§QQ3¥5Y Fro fe uged q1qﬂ§;ngﬁy chrepatagraphy Tyr
Gy Asn Val Thr lcOY @xSeain g&lyﬂrﬁti&l dwy prdtedsl Leu Trp

Lys Lys G n Lys .L 0 Va eu %G u. Phe Arg Al a Phe
Ser Ser Phe ISFE' ugate ontpﬂziiqg,%ﬁowrh% dﬁ’o‘éhg‘? ﬁ

fol |l owi ng SamLFRA-gc d sequence or a portion thereof consisting of

the amno-termnal 1 to 10. qggpé éE%

~Ser Leu Thr Ile Tyr Asn Leu er rﬂ?icﬂgél@o ﬁ%“gna og@lan )
derivatives ther s of dde Iﬁﬁ'ﬂoeﬂﬁq berih cﬁﬁbl@%fm@%lmﬁ CD2.
The invention al %ﬂﬁﬂﬂf%ﬁ%%&&% thgcReyEletion

pol ypepti des, reconblnant nmol ecul es cont.ai ni n hose DNA seguences,

hosts transfect edWhant" formg iPHNFAT e HRNN feins o Which dafkds of
‘meki ng t hep pcﬁwemz-mcm@rahﬁm lof BRIt adéFined S&bdve, may

synthetically. be used in vivo or in vitro to generate or to bind
antibodies or other molecules that recognize epitopes
or sites on LFA-3 other than the CD2-binding domain.
" In addition to the monomeric form of the
15 CD2-binding polypeptides and fusion proteins of this
invention, multimefic forms are also enabled by this
invention. Such forms may have enhanced affinity for
CD2, enhanced immunogenicity and/or enhanced ability to
initiate T-lymphocyte functional responses, e.q.,
20 stimulation of T-cell activation, through more
effective or multiplied formation of CD2/LFA-3
" complexes. Also, such multimeric forms may be more
effective in competitive binding of CD2, making them
more useful as immunosuppressants and more sensitive as
25 diagnostics or reagents.
' In addition, this invention contemplates
- antibodies recognizing the polypeptides and fusion
proteins of this invention. Polyclonal and monoclonal
antibodies to the polypeptides and fusion proteins of
30 this invention may be obtained by immunizing an animal
with polypeptides or fusion proteins of this invention.
' _ Low molecular weight (generally less than
1000 daltons) inhibitors of ‘the formation of the
CD2/LFA-3 complex are also provided by this invention.
35 Such "small molecule® inhibitors may be produced in



-6-7 _ The pol ypeptides of this invention are useful I n
di agnosi ng di seases characterized by the presence or absence of CD2 on

- the surface of particular cells and to treat pathol ogi es dependent on
the formation of the 5 LFA-3/CD2 conpl ex. The pol ypepti des of
this invention and the DNA sequences encodi ng them may al so be used to
prepare - reconbi nant or synthetic fusion proteins, which conprise a
functional CD2-bi ndi ng domai n or pol ypeptid® T0 of LFA-3, as defined above,
and another domain of a - protein or polypeptide other than LFA-3. The

CD2- bi ndi d ' '
ol ypept i deo. 1o ¥AEERr b, eynEeBie: BthyaE0ank" BhY' BonPr B pary) B E°'
(CI?[e;rlhcells)amDNé actdesequenteenofdthe pbéyvepuéﬂsﬁ ofotthiiss are al so
part o i s n

shOEEALRoF pey, b omLr oLy RO RO A e o

proteins of this I nven ns cont I Ni N
portion of Lﬁnlscvéﬁﬁahﬂvﬁggaaf§ﬁ§PFGHEP lcegnferdatd i%;%?%e

Frminoa oo [ (18R ggg;;rmagf his
i nventi on ,nh,b,pnd fu51o protelns of this 1nvent on
This invention also provides methods,
compositions and kits for diagnostic and therapeutic
uses in which the presence or absence of the

10 CD2-binding domain of LFA-3 is desirable.

T OF D NGS

Figure 1 (Fig. 1A and Fig. 1B taken together)

depicts amino acid (SEQ ID NO:10) and nucleotide (SEQ
ID NO:9) sequences of transmembrane LFA-3 indicating

15 (with underlining) deletions made in the extracellular
region of LFA-3. Regions designated M53, M54, MSS5,
M56, M57, M58, M59, MGO, M61, M62, M63, M64, M65, M66,
M90, M91 and M92, respectively, were looped out to
create recombinant genes encoding 17 separate deletion

20 mutants. Expression of the deletion mutants in
mammalian cells provided altered LFA-3 surface proteins
ﬁissing a segment of amino acids present in the native
LFA-3 protein. For example, expression of the deletion
mutant designated M57 (that is, the LFA-3 DNA of Fig. 1

25 having the M57 region deleted) in CHO cells resulted in
a mutant LFA-3 that did not bind to CD2. The amino
terminal methionine (Met) is designated -28 to indicate
that it is the amino terminal residue of the 28-amino
acid signal peptide sequence of preLFA-3. The amino

30 terminal residue'of mature LFA-3 is a phenylalanine
(Phe) and is designated +1.

Figure 2 (Figs. 2A, 2B, 2C, 2D, 2E, 2F, 2G,

2H, 2I, 2J, 2K, 2L, 2M and 2N taken together) depicts
results of immunofluorescence flow cytometry by FACS



T-1 ynphocyte activation and proliferation of peripheral bl ood

| ynphocytes. 25 It is a further aspect of this invention that

t he pol ypepti des and fusion proteins of this invention may al so be used
to | abel CD2 nol ecul es, for exanple, soluble CD2, in solution or on the
surface of T-1 ynphocytes or other CD2-expressing cells. The 30 '
pol ypepti des and fusion proteins of this invention may al so be used to

| abel any protein, polypeptide or . pepttd® Ttonprising the domain of CD2

whi ch bi nds LFA-3, for exanple, in a fusion protein generated using

reconbi nant DNA t echni ques. -7-
The pol ypept i des 3Rt ¥SiS &f franatectad (GHY cells, f¥RYefsing mptapte used
in affinity chrortrag aEhLFA-3 enuoddd ¥yDAdeletdivh aiutant IMgEpti de or

DO SO SO S YA B2 A S S Bkt S
whi ch | ack t he Cahdi2R)i,n¥54  (Rigs.n 26 @and KH)NA M&S) uRigs. 2L ahd@I)ch
"deletion  mutaple (FIGE Uk i 2L)WiAH W¥P @ ibs. Ui Ghd 355 .
Transfected cells were reacted with anti-LFA-~3
polyclonal_antisérum 202 (dashed lines, Figs. 2A, zc;
2E, 2G, 2I, 2K, 2M), anti-LFA-3 MAb TS2/9 (dashed
lines, Figs. 2B, 2D, 2F, 2H, 2J, 2L, 2N), or anti-LFA-3

10 MAb 7A6 (dotted lines, Figs. 2B, 2D, 2F, 2H, 2J, 2L, |
2N). In each analysis, the control peak (solid line)
represents the cell populétion with background levels
of fluorescein isothiocyanate-conjugated (FITC) goat
anti-mouse or goat anti-rabbit IgG binding.

15 - Figure 3 (Figs. 3A, 3B and 3C taken together)
depicts the results of a Jurkat cell binding
experiment. The photomicrographs show Jurkat cells
expressing CD2 mixed with normal CHO cells (negative
control) (Fig. 3A), M57/CHO cells (Fig. 3B) and P24 /CHO

20 cells expressing PI-linked LFA-~3 (positive control)
(Fig. 30).

Figure 4 depicts a Northern gel analysis of
LFA-3 gene transcripts synthesized in M57/CHO cells.
Filters contaihing mMRNA samples from CHO negative

25 control cells (lane 1), M57/CHO cells (lane 2) and
M16.3/CHO positive control cells (lane 3) were probed
with a NotI restriction fragment of plasmid pLFA3M54,
containing nucleotides 1-153 and 184-1040 of the LFA-3
cDNA sequence (see Figure 1), labeled with 32p by nick-

30 translation. '
| Figure 5 shows an autoradiogram depicting the
differential immunoprecipitation of proteins from 1251
surface-labeled M57/CHO celis (lanes 1-4), normal CHO
cells (negative control) (lanes 5-7), and P24/CHO cells

35 (positive control) (lanes 8-11). Lysates of surface-



10 .t hé CD2-bi ndi ng domai n of LFA-3, as defined above, may be used in

Vivo or in vitro to generate or to bind anti bodi es or other nol ecul es

t hat recogni ze epitopes or sites on LFA-3 other than the CD2-bi ndi ng
domai n. In addition to the mononmeric formof the 15

CD2- bi ndi ng pol ypept.ides and fusion proteins of this I nventi on,
multimeric forms are also enabled by this I nvention. Such fornms may .
have enhanced affinity for CD2, enhance&‘lnnunogen|0|ty and/ or enhanced
ability to “initiate T-Iynphocyte functional responses, e.g., 20

formati on of CD2/ conpl exes Ineric forns

nor e ef fect i ve(l-#ﬂ%%rﬁ)et-’ht i Vker tﬂlﬁéﬂ-ﬁgf'%‘r?’ b ki ttanre®nd, 6not@) usef ul
?S i g‘JUPOSUpp{ ﬁSS@fltén@ﬂdeml:? lidt)ﬂﬂ aén@ﬁsé!h%ﬂg@@i ' Fﬁaﬂésrfﬁ-g?ni ?]

n addition i s_jnvention co at es 0 recogni zi ng the
pol ypepti des and ¥tki on'i'h :&?ﬁ ﬁc%?ﬁga??f% Ln$¥§t®onal and
nonocl onal sentiémthaphﬁreséw mmlsmsﬁpaxyﬁcrwmhﬁideogensqptias 6 30

this invention nqy gﬁ{gﬁ# y i nmuni zi ng an ani nal with
pol ypepti des or |on p ot'el of this invention. ' Low

mol ecul ar wei ght (generalIyFiGESEtﬁaﬁFiQS-1@D0au§1Gbntakenhtogebherbf the.
formati on of the ‘?e%u '/I njf?l% g&m)l rfo%égl ?ﬁd%@feé@i&e' laggat i on.

35 Such "snal | itors be produ
D NO: 9) sequences of transmemhrane LFA-3 indicating

stinulation of T %é&téé/ﬂé Rerd W%&gtgb ith ﬁiﬁﬁﬁyf ﬁib”‘k‘éﬁé@' | ed

10 (with underlining) deletions in the extracellular
region of LFA-3. Regions designated M100, M101, and
M102, respectively, were looped out to create
recombinant genes encoding 3 separate deletion mutants.

Figure 7 (Figs. 7a, 7B, 7C and 7D taken
15 together) shows results of Jurkat cell-binding
experiments in which Jurkat cells expressing CD2 were
mixed with (a) normal CHO cells, (b) M100/CHO cells,
(c) M101/CHO cells, or (d) M102/CHO cells.
_ Figure 8 (Figs. 8A, 8B and 8C taken together)

20 shows Jurkat cell binding by LF08/AffiGel-10 beads (see
Example 8, infra). LFO8/AffiGel-10 beads were mixed
with Jurkat cells and the cell-bead binding observed
under a microscope (Figs. 8A and 8B). For comparison
(negative control), a non-LFA-3 peptide from hepatitis

25 B (i.e., "MXC 01", (SEQ ID NO:4) Thr Lys Pro Asp Leu
Val Asp Lys Gly Thr Glu Asp Lys Val Val Asp Val Val Arg
Asn) was fixed to Affigel-10 beads, the beads mixed
with Jurkat cells, and cell-bead binding recorded in
Fig. 8cC. '

30 Figure 9 depicts the amino acid (SEQ ID
NO:12) and nucleotide (SEQ ID NO:11l) sequences of
PI-linked LFA-3 indicating (with underlining) the
internal deletion made in the nucleotide sequence and
corresponding mutant PI-linked LFA-3 protein. The

35 region of the DNA designated PIM3 was looped out to



-8- 7 vitro by synthetic nethods and rmay conprise part of the anm no
aci d sequences of  the pol ypeptides of this I nvention or may be entirely
non- pepti dyl organic nol ecul es having a structural conformation that is
able 5 to mmc the binding specificity of the pol ypeptides and fusion
proteins of this invention to CD2. This invention al so

provi des nethods,  conpositions and kits for diagnostic and therapeutic
uses in which the presence or absence of thdll1®& CD2-bi ndi ng domai n of
LFA-3 is desirable. '~ BRI EF DESCRI PTI ON OF THE DRAW NGS :
Figure 1 (Fig. 1A and Fig. 1B tagken together) _, depicts amno acid (SEQID
NO 10) and nucl eSFead& sEeecomhamtgpeg@qMM a manptRrekeina. 3

i ndi cati ?gul:i g Wiclohtalitdng mu&g):-tﬁéxﬁl\:}swls?, I\agzdmiub tatuiwt%mqaungfs%d -
region o - n na )
MBO, MB1, MB2, wéﬁ'%si’ i1\/21':? the E%& FEng é'#(\e%'i vely. were
| ooped out to Expmamoﬂﬂhmmemm autenth PIM3 s(dqdmht:es,ddﬂml on 20.

mut ant s. Expresss' acewLﬁ-%t i ¥ FS |9n havn{&ug@éam : aC| Sy ovi ded

al tered LFA-37sur prot el ns m ssin segnen S present

inthe native delreked)pda SHO qairl%mlé:e%ﬂm & Jukans form daf £¥on
mutant desi gnat eq jMped TFal-3 %né&%éﬁ‘i&@%cﬁ:ﬁ&aﬁ@%&mwg the M7

reglon deleted) in CHO cells resulted
Figure 10 (Figs. 10A and 10B taken together)
depicts results of immunofluorescence flow cytometry by

10 FACS analysis of transfected CHO cells expressing a
mutant form of PI-linked LFA-3 encoded by deletion
mutation PIM3. Transfected cells (PIM3.25.2 cells)
expressed a surface protein that was recognized by
anti-LFA-3 MAb TS2/9 (Figure 10A, dashed line) and that

15 was susceptible to release from the cell surface by PI-
PLC treatment (Figure 10A, dotted line). Figure 10B
depicts the results of a similar analysis using
transfected CHO cells amplified for expression of the
mutant PI-linked protein (PIM2.25.2.100.12 cells).

20 These cells produced a protein on their cell surface
recognized by MAb 7A6 (Figure 10B, dashed line) and
that was susceptible to release from the cell surface
by PI-PLC treatment (Figure 10B, dotted line). 1In each
analysis, the control peak (solid line) represents the

25 cell population with background levels of
FITC~conjugated goat anti-mouse IgG binding.

Flgure 11 is a diagram of a dimer of LFA3TIP,_
depicting the various domains of this LFA-3-Ig fusion
protein. As depicted in this figure, "LFA-3" refers to

30 the amino terminal 92 amino acids of mature LFA-~3. "H"
refers to the ten amino acids of the IgGl hinge region
containing two cysteines to form two intermoclecular
disulfide bonds. Each disulfide bond is depicted as

horizontal double SS. "C 2" and'“Ch3“ refer to the two



a nutant LFA-3 that did not bind to CD2. The anino term nal met hi oni ne

(Met) is designated -28 to indicate that it is the amno term nal

resi due of the 28-am no acid signal peptide sequence of preLFA-3. The
amno 30 term nal residue of mature LFA-3 is a phenyl al ani ne (Phe) and
I s designated +1. o Figure 2 (Figs. 2A, 2B, 2C, 2D, 2E, 2F, 2G
2H, 21, 2J, 2K, 2L, 2M and 2N taken togethera depi cts results of

i mmunof | uor escence flow cytonetry by FACS = 12 =

- 9- : anal ysi's of transfected CHO cells expressing nutant forms of

4 SR A Rbrar 7 et ST
and 2J), 5 Mb6 hinge r2giam] 3n) humah Wg&l( Mojecuddsand 2N).
(dashed | ines. Figs. o poriouly 15 3dicts, the, giiints L3 (KBQ 8 10, 70%
(dashed | i nes, NPi:¢3) 2pd mycleotide (SEQ ID NOWK2)oseswengesngf 10 MAb
7A6 (dotted | i 8es prgrgaaTd® (dDe.2FLFM3 Jbmito acids?Mi-4g2)ca6k Al VSi S,
the control peak %9Lhidé g%&d signal sequence) and the various domains
of the fusion protein. The nucleotide sequence of
Figure 12 is also the same as the DNA sequence insert
in the expression plasmid pSAB152.
10 ' Figure 13 is a photograph of a Western blot
analysis of SDS-PAGE gels under nonreducing (lanes 1
and 2) and reducing (lanes 3 and 4) conditions. Lanes
1 and 3 are high molecular weight markers (BRL,
Gaithersburg, Maryland). Lanes 2 and 4 contain LFA3TIP
15 purified as described in Example 13.
Figure 14 (Figs. 14A and 14B taken together)
. depicts results of immunofluorescence flow cytometry by
FACS analysis of Jurkat cells incubated with LFA3TIP
plus R-Phycoerythrin conjugated anti-human IgG F(ab'),

20 (dotted lines) in the presence of anti-CD2 MAb TS2/18

| plus FITC conjugated goat anti-mouse igG(H+L) F(ab')2
(small dots in Fig. 14A) or anti-CD2 ascites fluid T11,
(dashes in Fig. 143), Tllz (dashes in Fig. 14B) or Ti1,
(small dots in Fig. 14B), plus FITC conjugated goat

25 anti-mouse IgG(H+L) F(ab'),.

Figure 15 depicts the results of a human
allogeneic mixed lymphocyte reaction (MLR) assay for
T-cell activation as measured by >H-thymidine
incorporation'into T~-cells in the presence of anti-

30 LFA-3 MAb 1E6 (closed squares), LFA3TIP (closed
circles) and nonspecific human IgGl (closed triangles).

Figure 16 depicts.the results of MLR assays
for inhibition of T-cell activation by selected
proteins. "7A6" and "1E6" are anti-LFA-3 monoclonal

35 antibodies (MAbs), specificffor the CD2-binding domain



represents the cell population with background |evels of fluorescein

| sot hi ocyanat e-conj ugated (FI TC) goat anti-nouse or goat anti-rabbit

| gG bi ndi ng. 15 Figure 3 (Figs. 3A, 3B and 3C taken together)
depicts the results of a Jurkat cell binding experinment. The

phot om crographs show Jurkat cells ~ expressing CD2 m xed with normal CHO
cells (negative control) (Fig. 3A), Mb7/CHO cells (Fig. 3B) and P24/ CHO
20 cells expressing Pl-1inked LFA-3 (positivd control) (Fig. 30.

Figure 4 depicts a Northern gel analysis of LFA- 3 gene transcripts
synthesized in M7/ CHO cel | s. Filters containin | es from CHO
negative 25 cont if LEA1: (I"ER2/B8" I‘F?/@-I@’t*e’r‘r@%%ﬁﬁ% 2)" IgGA" and

ML6. 3/ CHO posi ti we menidgei220e!dre (ﬂ:ﬁ?ﬁtﬂ&[@ of AFEBTIP differing tin
restriction fragnent, of plasm contaJnl ruh*ﬁgtldes - 153
and 184-1040 of tHRFi%y d.e., ¢ wﬁﬁ'@% P 1) et8d with
[e{r] Pdpy ni ck- IHorspersific duman IgG. "PI-Lﬂzguris ﬁnmhbimenﬁc PI-

aut or adi ogr am Abi

prot e ns. fromd ey ket Lo ARG (B A R SRR’ BnRistipg,
CHO  cells (neafatd poxtian ®f (theD4-motein fusedH® cr|pertion of
(positive controlyfd aReSréyioh -of D@ eSmidcitttdférs to a "mock

preparation" purified from COS7 cells transfected with
an expression vector pSAB132 lacking the DNA sequence
10 encoding LFA3TIP.
Figure 17 depicts results of a PBL
proliferation assay as measured by incorporation of

3H-thymidine; PBL proliferation was measured in the
presence of LFA3TIP (closed squares), human IgG (closed

15 circles) and a "mock preparation® containing the
contaminant ("contamination") which co-purifies with
the LFA3TIP used in this assay (closed triangles).

Figure 18 depicts results of an OKT3 (anti-
CD3 MAb) dependent PBL proliferation assay as measured

20 Dby incorporation of 3H-thymidine. PBL proliferation
was measured in the presence of 3 nM OKT3 (OKT3), 3 nM
OKT3 plus 1 nM or 10 nM LFA3TIP (OKT3 + LFA3TIP), 3 nM
OKT3 plus 1 nM or 10 nM human IgGl (OKT3 + hIgGl), or
medium with no OKT3 present (medium).

25 Figure 19 depicts results of a
phytohemagglutinin (PHA) dependent PBL proliferation
assay as measured at a suboptimal stimulatory
concentration (0.1 pg/ml) and at an optimal stimulatory
concentration (1 ug/ml) of PHA. PBL proliferation was

30 measured as indicated in the presence of PHA alone
(PHA) and in the presence of PHA plus: PI-linked LFA-3
(+PILFA-3); monomeric soluble LFA-3 (+mon LFA-3);
LFA3TIP (+LFA3TIP); an LFA-3-IgG fusion protein which
lacks the 10 amino acid M57 region of LFA-3 involved in

35 CD2 binding (+M57IgG); anti-LFA-3 1E6 MAb (+1E6); anti-



- 10 - | abel ed cells were reacted wth anti-LFA-3 MAb TS2/9 (lanes
2;'5, 9), anti-LFA-3 MAb 7A6 (lanes 3, 6, 10), or anti-LFA-3 pol ycl onal
antiserum 202 (lanes 4, 7, 11). The anti body-precipitated proteins were
5 el ectrophoresed on SDS-pol yacryl am de gels prior to aut or adi ogr aphy.
Figure 6 (Figs. 6A and 6B taken together) depicts amno acid (SEQ ID
NG 10) and nucl eoti de (SEQ | D NO 9) sequeices of transnenbrane LFA-3
indicating 10 (with underlining) deletions Th the extracellul ar regi on
of LFA-3. Regions designated MLOO, MLO1, and MLO2, respectively, were

| ooped out to cr q@@%n pﬂ@ﬁ. | S gﬁ?@ﬁ Lelign
mut ants. ‘%E.Tsﬂgﬁre, Z?SQ A'e%&d%?:ﬁ%%% D Ta %ﬁl%Sgt(t)gether)
shows results of Susien REPFeinn g6G) - oxBaeh nefit She nadfed molegulese| | s
expressing CD2 weyss reg@ﬁedhwﬁ5rué631nornal CHO cells, (b) MLOO/CHO -
cells, (c) NﬂOl/éﬁO cells, or ( MLO2/ CHO cel | s. Fi gure
8 (Figs. 8A, 8B and 8C taken together) 20 shows Jurkat cell binding by
LFO8/ Affi Gel - 10 beads (see Exanple 8, infra). LFO8/ Affi Gel-10 beads
were m xed wi th Jurkat | |1 Ladi ng e

under a nicros%ope (Fi gs. é@&%ﬂ%oggggﬁgg?ggbn%gﬁﬁgggkﬂghg(ngggtﬁégHOds
control), a non-L¥A-thecpresent rtnyérbiontave2ghapacterized\M¥ 01", (SEQ ID

Val Nl argS T RESTRER des PRVIAT I baiip BEAR HeltiBnck? hed

with Jurkat cell sX,a(REQeID -N@uk) bi ndi ng recorded in Fig. 8C.
' Asn Arg Val Tyr Leu Asp Thr Val Ser Gly-Y¥, wherein:
10 X, is hydrogen or methionyl;

X,, if present, is a polypeptide having the
following amino acid sequence or a portion thereof
consisting of the carboxy-terminal 1 to 77 amino acids
of the sequence (SEQ ID NO:5): Val Ala'Gly Ser Asp Ala

15 Gly Arg Ala Leu Gly Val Leu Ser Val Val Cys Leu Leu His
Cys Phe Gly Phe Ile Ser Cys Phe Ser Gln Gln Ile Tyr Gly
Val Val Tyr Gly Asn Val Thr Phe His Val Pro Ser Asn Val
Pro Leu Lys Glu Val Leu Trp Lys Lys Gln Lys Asp Lys Val
Ala Glu Leu Glu Asn Ser Glu Phe Arg Ala Phe Ser Ser Phe

20 Lys; _

Y is hydroxyl or a polypeptide of the following
amino acid sequence or a portion thereof consisting of
the amino-terminal 1 to 32 amino acids of the sequence
(SEQ ID NO:33): Ser Leu Thr Ile Tyr Asn Leu Thr Ser

25 Ser Asp Glu Asp Glu Tyr Glu Met Glu Ser Pro Asn Ile Thr
Asp Thr Met Lys Phe Phe lLeu Tyr Val;

and analogs and derivatives thereof,
said polypeptides being capable of binding to CD2.

In another embodiment, the polypeptides of

30 this invention have the amino acid sequence: xl-xé-
(SEQ ID NO:1) Asn Arg Val Tyr Leu Asp Thr Val Ser
Gly-Y, wherein:

X, is hydrogen or methionyl;



30 - 7 Figure 9 depicts the amino acid (SEQ ID NG 12) and

nucl éotide (SEQ I D NGO 11) sequences of Pl-l1inked LFA-3 indicating (with
underlining) the i nternal deletion made in the nucl eoti de sequence and
correspondi ng mutant Pl-linked LFA-3 protein. The 35 region of the DNA
designated PI M3 was | ooped out to create a reconbi nant gene
encodi ng a nutant protein containing the N-termnal 89 am no acids of

Pl -1inked LFA-3 but |acking the subsequedd 71 ami no aci ds. Expr essi on
of the deletion nmutant PIMB (that is, the 5 PI-l1inked LFA-3 DNA of Fig. 9
havi ng the PI M3 region deleted) in CHO cells resulted in a mutant form
of PI- li nked LFA— Kphdf puesento dsCee RelyReRfifdadiaving the

Figure 10 (Figs. Al C%Oﬁir?&q%ia)@é‘é&lf‘éﬁce oxdeplﬁéftieﬁ%ﬁéreéf

i munof | uor escence tonetr ect ed_ CHO

| f ot
cells expre55|rm]49351$EEQSH°#c#hﬁcﬁa¥#q¥¥rﬁ&ﬁpiﬁhigiZﬁgoﬁ%agginﬁe?ﬁ%ﬁﬁn
mutation PIMB. Trgnsfinsissneends (SEQEIRNG: 2pi | sPhe Sexpeinselnariertyre

P ot &I W sk Wy cfY Ak Var P I8/ did V" Brdber ‘AR

: Val Pro Leu Lys Glu Val Leu Trp Lys Lys Gln Lys Asp Lys
val Ala Glu Leu Glu Asn Ser Glu Phe Arg Ala Phe Ser Ser
Phe Lys; '

Y is hydroxyl or a polypeptide of the foliowing.

10 amino acid sequence or a portion thereof consisting of
the amino-terminal 1 to 10 amino acids of the sequence
(SEQ ID NO:3): Ser Leu Thr Ile Tyr Asn Leu Thr Ser
Ser; '

and analogs and derivatives thereof,
15 said polypeptides being capable of binding to CD2.
Preferably, the polypeptides of this
invention have the amino acid sequence of amino acids
29-120 of SEQ ID NO:10, amino acids 29-108 of SEQ ID
NO:10, amino acids 48-108 of SEQ ID NO:10, and SEQ ID

20 NO:7.

' Throughout this specification and in the
claims, the abbreviations employed for amino acids and
their residues are used in conformity with the
generally accepted rules of nomenclature and relate to

.25 a=-amino acids and their residues of the L-series. |

A derivatized amino acid is a natural or non-
natural amino acid in which the normally occurring side
- chain or end group is modified by chemical reaction.
Such modifications include, for example, gamma-

30 carboxylation, B-hydroxylation, sulfation, sulfonation,
phosphorylation, amidization, esterification, t-butoxy
carbonylation, N-acetylation, carbobenzoxylation,
tosylation, benzylation, and other modifications known
in the art.



15 was susceptible to release fromthe cell surface by PI- PLC treat nent
(Figure 10A, dotted line). Figure 10B depicts the results of a simlar

anal ysi s using transfected CHO cells anplified for expression of the

mut ant Pl -linked protein (Pl M.25.2.100.12 cells). 20 These cells produced
a protein on their cell surface - recogni zed by MAb 7A6 (Figure 10B, o
dashed |ine) and that was susceptible to release fromthe cell surface
by PI-PLC treatnment (Figure 10B, dotted | rnd$.-In each’ anal ysis, the:
control peak (solid Iine) represents the 25 cell population wth background
| evel s of FI TC-conj ugat ed goat anti-nouse |gG_binding. '

Figure 11 is a diagramof & @ekdvagizedapplypeptidgedsca RelyRerkddeus

domai ns of this bbAtdihdnglUsneNor moRellerivatiZedeBimined adiddlis figure,
"LFA-3" refers to 30 the ami no terminal 92 amn N cids of mature LFA-3.
"H refers to the ten §95cPds tae PRAYP 4@% &5, invention

contai ni ng two cmpayebeccharactemized, forr examplle;sr by amdisulacide bonds.

Fach disul T de Peler] cARRLALS ! allitiond b 81 4R} SroBtilialidd” and

"Clerr]3" ref

of D-amino acids. The preferred substitutions in the
polypeptides of this invention are those that are
recognized in the art to be conservative amino acid
substitutions. For example, amino acids belonging to
10 one of the folloWing groups represent conservative
changes: ala, pro, gly, glu, asp, gln, asn, ser, thr;
cys, ser, tyr, thr; val, ile, leu, met, ala, phe; lys,
arg, his; and phe, tyr, trp, his. See, e.g., Granthanm,
Science, 185, pp. 862-64 (1974); Dayhoff, In Atlas of
15 Protein Sequence and Structure, 5, 1978; Argos, EMBO
J., 8, pp. 779-785 (1989). -
| It should be understood that all analogues
and derivatives of this invention are characterized by
" biological activities that are similar to those of the
20 CD2-binding polypeptides described herein.
Accordingly, these analogs and derivatives may be
employed in compositions, combinations and methods for
diagnosis, therapy and prophylaxis in the same manner
- as the polypeptides of this invention.
25 ' The production of the polypeptides of this
- invention may be achieved by a variety of methods known
in the art. For example, the polypeptides may be
derived from the intact transmembrane or PI-linked
LFA-3 molecules by proteolysis using specific
30 endopeptidases in combination with exopeptidases, Edman
degradation, or both. The intact LFA-3 molecules, in
turn, may be purified from natural sources using |
conventional methods. Alternatively, full-length LFA-3
or truncated forms of LFA-3 may be produced by known



—

const’ant domains present in the Fc region, belowthe hi nge region, in

human 1 gGL nol ecul es. ' Figure 12 depicts the amno acid (SEQ 1D

NQ 43) and nucl eotide (SEQ I D NO 42) sequences of 5 preLFA3TIP (i.e., LFA-3

(am no acids +1-+92) and the 28-am no acid signal sequence) and the

vari ous domai ns ~of the fusion protein. The nucl eoti de sequence of

Figure 12 is also the .sanme as the DNA sequence insert in the expression
- plasm d pSAB152. 10 o Figure 13 is ¥ photograph of a Western bl ot

anal ysi s of SDS- PAGE gel s under nonreducing (lanes 1 and 2) and

reducing (lanes 3 and .4) conditjons., Lanes .1 a are, high | ar
~wei ght markers (E’F&?°mb£nﬁ%‘?%s5wf%?§llw. %%‘ 2 gg%gll @%%?%#n
LFA3TI P 15 puri f i sthtees destentot, 996 X@pte Wllner et al.) . Figure 14

(Figs. 14A and 14B taken t Qe f;%ab]g' ;?ﬁ?é%é%ﬁ#iéegf"f gvl tgﬁéﬁgcenée

flow cytonetry by FACS ana S ; I nNcubat ec i TI'P
IpI us ;? Phyccﬁer yt hinvention pre dreduced diregdl¥( sthys celininating: the
lI'ines) in the gr | s '

Hﬁ%@F (egﬂé )?niaﬁ-éll? IR-7 84 18 staPtifig hhd€esoal VgarRdsgoat

ti- I : 1 d | i g, I -
Boci tes Tlul 4 T1IeY he achinuea by Seryentional tanedical heBhadel | g
éﬁ?i) or Tlll[ e& sznm': bié 'f@éﬁni@ua'sgor 1¥3) we Pl +lenéwi Greconbgnant ﬁmt 25
-nmouse |g ab' ern]. . L QU i
cnél%??%gé%%%feﬁ?XQHIYyﬁBﬂ%%yﬁgﬂr%ggégggggkﬁﬁicgsgay f or

results of a huma
T-cel | activati onemsodeache edesired pblypephides arecexpvesasedninnt o

T-cells in thg,pr la+a30 LFA-3 MAb 1E6 (cl osed squares),
LFA3TI P (closg% efg@%f%?%%?”%% t%bnspecific hunman IgCﬂ.(cIosed triangles).
ARLE

Figure 16 depicts the resuldsgenewkighsepgodes the edi LRAGR T-cel |
activation by selggigfeptide of this invention may be designed based on

the amino acid sequence of the desired polypeptide.
Standard methods may be then applied to synthesize the

15 gene. For example, the amino acid sequence may be used
to construct a back-translated gene. A DNA oligomer
containing a nucleotide sequence capable of coding for
an LFA-3 polypeptide of this invention may be
synthesized in a single step. Alternatively, several

20 smaller oligonucleotides coding for portions of the '
desired polypeptide may be synthesized and then ligated
together. Preferably, the DNA sequence encoding an
LFA-3 polypeptide of this invention will be synthesized
as several separate oligonucleotides which are

25 subsequently linked together. The individual
oligonucleotides typically contain 5' or 3' overhangs
for complementary assembly. |

Once assembled, preferred genes will be

characterized by sequences that are recognized by

30 restriction endonucleases (including unique restriction
sites for direct assembly into a cloning or an
expression vector), preferred codons taking into

'~ consideration the host expression system to be used,

and a sequencé which, when transcribed, produces a

35 stable, efficiently translated RNA. Proper assembly



proteins. "7A6" and "1E6" are anti-LFA-3 nonoclonal 35 antibodies (MAbs),
specific for the CD2-binding domain -
13 - of LFA-3. "TS2/18" is an anti-CD2 MAb. "LFA3IgGA" and

"LFA31 gG72A" are preparations of LFA3TIP differing in purity, i.e., 75%
and 50% respectively. hlgGis nonspeci fic human 1gG "PlI-LFA3" is
multinmeric Pl- 5 -linked LFA-3. "CD4-1gG' is a fusion protein consisting

of a portion of the CD4 protein fused to a ptBt+on of the Fc region of
|l gG "Mock" refers to a "nock preparation” purified from COS7 cells
transfected with an expression vector pSAB132 | acking the DNA sequence

10 encodi ng LFA3Tm@Y be confirmed by;pueleatridepsedueneing:srestriebion

proliferation asSgypa$ngP a&medxayegafeﬁpefaélsno%?maiﬁfrk&iwm di ne.
PBL prollferatlon mas nes i i'n the gresence LFA3TI P (cl osed

squares), human |BRIYREBE 15“ ?i suitable Roste ek preparation”

contai ni ng the contam nomé émbodimenhtadt oa” DNAhsefuencauactoedingt ko

the LFA3TIP usgd jh.this _as (clo tri |l e Flgure 18
depi cts result o#hbﬁ tﬂﬁﬁnﬁﬁﬁ? compfgs #R¢' S3k1eic acid sequente

encoding amino acids 1 through 70 of mature LFA-3,
i.e., nucleotides 94 through 303 in Figure 1. Another
preferred embodiment comprises the nucleic acia
sequence (SEQ ID NO:6): AATAGGGTTT ATTTAGACAC _
10 TGTGTCAGCT, which codes for amino acids 51-60 of mature
LFA-3.  However, the preferred DNA sequences of this
~ invention encode polypeptides having the amino acid
sequences of amino acids 29-120 of SEQ ID NO:10, amino
acids 29-108 of SEQ ID NO:10, amino acids 48-108 of
15 SEQ ID NO:10, and SEQ ID NO:7. The most preferred DNA
sequence of this invention encodes a polypeptide having
" the amino acid sequence 1-120 of SEQ ID NO:10. This
sequence when employed in animal cells allows
productioh, secretion and maturation of a polypeptide )
20 having the amino acid sequence of amino acids 29-120 of
SEQ ID NO:10. '

It will be appreciated by those of skill in
the art that, due to the degeneracy of the genetic
code, DNA molecules comprising'many other nucleotide

25 sequences will also be capable of encoding the
polypeptides of this invention. These degenerate
sequences are encompassed by the present invention.

The present invention also relates to
recombinant DNA molecules comprising the aforementioned

30 DNA sequences. The recombinant DNA molecules of this
invention are capable of directing expression of the
LFA-3 polypeptides of this invention in hosts
transformed therewith. A DNA sequence encoding an
LFA-3 polypeptide of this invention must be operatively

35 1linked to an expression control sequence for such



CD3 MAb) dependent PBL proliferation assay as neasured 20 by incorporation
of. 3Hthym dine. PBL proliferation was neasured in the presence of 3
nM OKT3 (OKT3), 3 nM OKT3 plus 1 nMor 10 nM LFA3TIP (OKT3 + LFA3TIP)

3 nM OKT3 plus 1 nMor 10 nM human 1gGlL (OKT3 + hlgGl), or medi um
Wi th no OKT3 present (nedium. 25 Figure 19 depicts results of a-
phyt ohemaggl utinin (PHA)- dependent PBL pralifgration assay as neasured
at a suboptinmal stinulatory concentration (0.1 [err]g/m) and at an
optimal stinulatory concentration (1 [err]g/m) of PHA. PBL '

proliferation vvase,&;)reg@ia@,u_r edripe ﬁéﬂ@&éwaﬁ\p plgﬂegae & ﬁ’g@dal one
(PHA) and in theéPresence ﬁﬁﬁfqéh s1t{g-1|nked ?écg'kﬁAF :
nononeri ¢ sol ubl S*TFRB ¥&! Bys {rﬁ\ﬂlﬁ(‘ﬁﬁ%ﬁ"l REA-3-19G
fusion protein wirdnscriptids dme dfanslaviowiof Mieregding ofedrbénde is -
e VRN O TrdePiny S G of CRaaVRAYE) cnin Lra 3ty T usi on
protein (+FLI gﬁB) Each of tPe cohnstrwuct czutecombinant pPEAcnolecule
[err]g/mi. capable of directing expression of the LFA-~3.
polypeptides of this invention, the DNA sequences .
encoding these polypeptides may be inserted into and
expressed using a wide variety of vectors.
10 Furthermore, within each specific expression vector,
various sites may be selected for insertion of these
DNA sequences. These sites are usually designated by
the restriction endonuclease which cuts them. They are
well recognized by those of skill in the art. It will '
15 be appreciated, however, that an expression vector
useful in this invention need not have a restriction
endonuclease site for insertion of the chosen DNA
fragment. Instead, the vector may be joined to the
fragment by alternative means.
20 The expression vector, and in particular the
site chosen for insertion of a selected DNA fragment
and operative linking to an expression control
sequence, is determined by a variety of factors. These
factors include, e.g., the number of sites susceptible
25 to a particular restriction enzyme, the size of the
polypeptide to be expressed, susceptibility of the
desired polypeptide to proteolytic degradation by host
cell enzymes, contamination or binding of the
polypeptide to be expressed by host cell proteins
30 difficult to remove during purification, expression
characteristics, such as the location of start and stop -
codons relative to the vector sequences, and other
factors recognized by those skilled in the art. The
choice of a vector and an insertion site for a DNA
35 sequence is determined by a balance of these factors



>

5 The pol ypepti des, conpositions, and nethods of the present
i nvention are characterized by pol ypepti des having the am no acid
sequence: X[ err]- Xerr]-(SEQ ID NO 1) Asn Arg Val Tyr Leu Asp Thr
Val Ser Ay-Y, wherein: 10 X[err] is hydrogen or nethionyl;

Xerr], if present, is a polypeptide having the foll ow ng amno acid
sequence or a portion thereof consisting of the carboxy-termnal 1 to
77 am no aci ds of the sequence (SEQ | D-Ngb53: Val Ala Gy Ser Asp Al a
15 dy Arg Ala‘Leu Gy Val Leu Ser Val Val Cys Leu Leu His Cys Phe Gy
Phe Ile Ser Cys Phe Ser Gn @n lle Tyr Ay Val Val Tyr Gy Asn Val Thr
Phe H's Val Pro SandABntvall selpctibos WidlCGhbe Egualdy @ffectivieyfof a Lys
Asp Lys Val gg .Gu Asn Ser A u Phe Arg Ala Phe Ser Ser Phe 20
Lys; Y iS hy roxy “or pol ypeptide of the follow ng am no
aci d sequence or a portion Pﬁeteéfe&vﬁ55§ﬂpngvsctors for swkaryodie nal 1
to 32 anino aci dShSEtEhQnéiﬁaénCQor exﬁﬁ Pe!, Dvu@t%'éls cgﬁgrli%lin-ghr Ile Tyr
Asn Leu Thr Sep 25 Ser As % Pro Asn Ile Thr
Ao Thr bt LyS PREPBRESLSH PpiteRll Sequehces Erim, s00qs boVARSe: | vat | ves

t her eof , sai dpaplijpemai d¢drubei adenspdirus ahdbcytbﬁ@ghaoﬁﬁ&us, and
|1 another enbod: gggks £e o fpBeuiPEBREIRIcRI LS 1" BeR¥] Soaleyy BUER, B Ty
Val Ser d y- YPVRh8£di n: Useful backprial exphedsigon vectoxshiimclude

known bacterial plasmids, e.g., plasmids from E.coli

10 including colEl, pCR1l, pBR322, pMB9 and their
derivatives; wider host range plasmids, such as RP4;
the numerous derivatives of phage lambda, e.g., NM 989
and the lambda gt series; other DNA phages, e.g., M13
and other filamentous single-stranded DNA phages; and

15 commercially available high expression ﬁectors, e.g.,
the pGEM series and the lambda Zap vectors. Useful
mammalian cell expression vectors include, for example,
PNUT. Vectors useful in yeasts include, for example,
the 2 plasmid and derivatives thereof.

20 Such expression vectors are also
characterized by at least one expression control
sequence that may be operatively linked to the DNA
sequences of this invention inserted in the vector in
order to control and to regulate the expression of that

25 cloned DNA sequence. Examples of useful expression
control sequences include the malE system, the OmpA
system, the lac system, the trp system, the tac systen,
the trc system, major operator and promoter regions of

_ phage lambda, the control region of f£d coat protein,

30 the glycolytic promoters of yeast, e.g., the yeast acid
phosphatase, e.g., Pho5, the promoters of the yeast
mating factors, and promoters derived from polyoma,
adenovirus, retrovirus, andwsimian virus, e.g., the
early and late promoters of SV40, eukaryotic cell

35 promoters, such as the metallothionein promoter and



- 15~ Xerr], if present, is a polypeptide having the

fol'l ow ng am no acid sequence or a portion thereof consi sting of the
carboxy-termnal 1 to 50 am no acids of the sequence (SEQ ID NO 2): Phe
Ser An dnlle Tyr 5 dy Vval Vval Tyr @y Asn Val Thr Phe H's Val Pro Ser
Asn Val Pro Leu Lys GQu Val Leu Trp Lys Lys G n Lys Asp Lys =~ Val Al a

GQu Leu Au Asn Ser Au Phe Arg Al a Phe Sq_rfaer_ Phe Lys; Yis
hydroxyl or a pol ypeptide of the foll ow ng am no aci d sequence or a
portion thereof- consisting of the amno-termnal 1 to 10 am no acids of

t he sequence I , T T

Ser; ancéégez% o%é&a%r{?gefeﬁﬁ/%ﬁ\%cs r%%%ézgtf) _ %S%%ﬁ?/gg%tl des
bei ng capabl e of genes rf tprafExyotic or eukarygtic ebls andetheiypepti des
of this I NVenR}iQikdia Ve [dmBina¥icitd Gernsice of amno acids

29-120 of SEQ ID NG 10, amno acids 29-108 of SE(?lI D NO 10, am no acids
48-108 of SEQ I D NO 10, anFhsEFegsmbingnty DNA molecules ofithe Presert s

speci fi cati on sindinvertlfon may also comprise other DNA coding sequences
fused to and in frame with the DNA sequences:of this
invention. For example, such constructs may be
characterized by an ATG start codon fused directly to
the nucleotides encoding the first amino acid of the
10 LFA-3 polypeptide. This construction may produce an
f-Met polypeptide. However, it will be understood that
the initial methionine may be cleaved during expression
in a transformed host or may be subsequently removed.
Alternatively, a DNA sequence encoding a bacterial or
15 eukaryotic signal sequence may be fused to the 5' end
of a DNA sequence encoding an LFA-3 polypeptide of this'
invention. This would allow the expressed product to
~ be either secreted or targeted to a specific
subcellular compartment within the host cell. Most
20 signal seguences are removed by the host cell after
performing their targeting function, thus obviating the
' need for removal after purification of the desired
polypeptide. Many signal sequences, as well as the DNA
sequences encoding them, are known in the art. The
25 fusion protein of such signal sequence DNA to and in
frame with tHe sequence encoding an LFA-3 polypeptide
of this invention can be achieved by standard molecular
biology techniques.
Alternatively, a DNA sequence encoding an
30 LFA-3 polypeptide of this invention may be expressed as
a fusion protein by in-frame ligation to a second DNA
sequence encdding a host cell polypeptide. The
expression of a fusion protein may afford several
~ advantages, such as increased resistance to host cell
35 degradation, ease of identification based upon the



claims, the abbreviations enployed for am no acids and their residues
are used in conformty with the general ly accepted rul es of

nomencl ature and relate to 25 [err]-am no acids and their residues of the
L-seri es. A derivatized amno acid is a natural or non-
natural amno acid in which the normally occurring side chain or end
group is nodified by chem cal reaction. ;uch nodi fi cations include, for
exanpl e, gamma- 30 carboxyl ati on, [err]-ﬁya oxyl ation, sulfation,

sul fonat i on, - phosphoryl ation, am dization, esterification, t-butoxy.

car bonyl ati on, han, Lot )
benzyl ati on, and %&ﬁ%%ﬁl C% onsﬁg' )dfate&alqr%mﬁwte ézf'?f%?/ :%Ilfﬁhptz.de,
- 16 - and easel@f wariifdcatdiomehased iupan Jhe RsiRAL or

cont ai ni ng one or. At e .
pol ypepti des of t IS | n%§ 10l ighAipe i ¥ dhe host 3311 polye &f

ntion may be characteri exa b
amino acid 5 substituti onghi&'ddlnt“i%% a&é%t’?@r?ste%r 3?‘? m)on yof
D-ami no aci ds.5 The-atisHorned vt itHe idetmbinarite DNA pd)empllesies of this

|nvention are tmﬁ%scé%%eéiéiove. Useful hosts which may be transformed

' with these recombinant DNA molecules and which may be
employed to express the LFA-3 polypeptides of this
invention may include well known eukaryotic and

10 prokaryotic hosts, such as strains of E.coli, e.g.,
E.coli SG-936, E.coli HB 101, E.coli W3110, E.coli
X1776, E.coli X2282, E.coli DH1, E.coli DH5-alpha,
E.coli MRC1l; strains of Pseudomonas; strains of
Bacillus, such as Bacillus subtilis; strains of

15 Streptomyces; strains of §ggggg:ggxgg§;-animal cells,
such as COS cells, CHO cells, BHK cells, human tissue
cells; insect cells (e.g., Spodoptera frugiperda
(SF9)); and plant cells in tissue culture. The
preferred host for polypeptides claimed herein is CHO

20 cells.

It will be appreciated that not all
host/expression vector combinations will function with
equal efficiency in expressing DNA sequences encoding
the LFA-3 polypeptides of this invention. However, a

25 particular selection of a host-expression vector
combination may be made by those of skill in the art
after due consideration of the principles set forth
herein without departing from the scope of this
invention. For example, the selection should be based

30 ° on a balancing of a number of factors. These factors
include, for example, compatibility of the host and
vector, toxicity of the'poiypeptides encoded by the DNA
sequence to the host, vector copy number and the
ability to control that copy number, the expression of

35 other proteins encoded by the vector, such as



recogni zed in the art to be conservative anino acid substitutions. For
exanpl e, am no acids belonging to 10 one of the foll owi ng groups represent
conservative changes: ala, pro, gly, glu, asp, gln, asn, ser, thr

cys, ser, tyr, thr; val, ile, leu, net, ala, phe; lys, arg, his; and
phe, tyr, trp, his. See, e.g., G antham Sci ence, 185, pp. 862-64
(1974); Dayhoff, 1n Atlas of 15 Protein Sequggce-and Structure, 5, 1978;
Argos, EMBO J., 8, pp. 779-785 (1989). = It should be

under stood that -all anal ogues and derivatives-of this invention are

20" oo~ bi ndi g porP5ebEnhdc BarRbrh; al3 bE kelbRely nr nk" ausiFR | o0
and derivatives nnyosezn. expressdonnchanpeterishicsc ofbthat D¥As and

met hods for di t aphed ¥ha t nner as
t he pol ypepti des g?&gahgefnegﬁ ?gﬁ BQEEEQEE h ébﬁthl gﬁ%??g%aof t he

pol ypept i des of tﬂPErathFﬁVeﬁipﬁﬁdnEQ EBeﬁchPé9§éfE§Ya Fosts ang: the hods
known in tbe goldihgr, cbgﬁpbe,ahbeoﬂhbtpﬁﬂbede&rﬁﬁ okt -expréasived from

Lsi ng speci {1 ¢ 30RERABBEREAARE0E! KOBoABPARPROROMYPREELBRep! | dases, Ldnan
degradation, or both. The i While rEcofibinantuDNA techniquesr arenthebe
B el vor " BEFaSaC SR be prodBR(ER! LOAThalidBtIaes o ens
produced by knomnlnventlon having a sequence of more than 20 amino
10 acids, shorter polypeptides encompassed by this
invention having less than about 20 amino acids are
'preferably produced by conventional chemical synthesis
techniques. Synthetically produced polypeptides of
this invention can advantageously be obtained in
15 extremely high yields and be easily purified.

In a preferred embodiment of this invention,
the polypeptides are synthesized by solution phase or
solid phase polypeptide synthesis and, optiocnally,
digested with carboxypeptidase (to remove C-terminal

20 amino acids) or degraded by manual Edman degradation
(to remove N-terminal amino acids). Proper folding of
the polypeptides may be achieved under oxidative
conditions which favor disulfide bridge formation, as
described by 'S.B.H._ Kent, "Chemical synthesis of

25 polypeptides and proteins", Ann. Rev. Biochem., 57,
pp. 957-89 (1988). Polypeptides produced in this way
may then be purified by separation techniques widely
known in the art, preferably utilizing reverse. phase
HPLC. The use of solution phase synthesis

30 advantagedusly allows for the direct addition of
certain derivatized amino acids to the growing
polypeptide chain, such as the O-sulfate ester of
tyrosine. This obviates the need for a subsequent
derivatization step to modify any residue of the

35 polypeptides of this invention.



- 17 - recombi nant DNA t echni ques u5|ng CDNAs. (See, United St ates

pat erit 4,956,281 to Wallner et al.): Preferably, the

pol ypepti des of the present i nvention are produced directly, thus
elimnating the 5 need for a larger LFA-3 as a starting material. This

may be achi eved by conventional chem cal- peptide synt hesi s techni ques or
by wel | - known reconbi nant DNA techni ques, wherein only those DNA
sequences whi ch encode the desired polyp% $tTdes are expressed in 10
transforned hosts. A gene whi ch encodes the deS|red LFA- 3

pol ypeptide of this inventjon be.de ned based on e_am.n aC|d
sequence of the desired po#@ﬁe%&%&@gica sg&ﬁ§XF§Yn8FhEE§ YPER
applied to synthesithlshéniéngéoa, Eoe.ex&hplie, abﬁ&iayIMO admdmsequence may

D Sl g a CuCREALSYEba tHEEkaEE RS 2heg, B8NS aely B I P ipnye

contai ning a nuc eotl € sequence capabl e
pol ypepti de of tﬁe%1|h¢9ﬂingnaﬁ§be§hat Psyntﬁésﬂiéﬂain(ﬂnﬁeﬁgle st ep.

Alternativel yg sgy &h&ﬁh:&snbl %%thhﬁQBHCBQOEhéeﬁzﬁadh@g offommoratlons of

t he desired nt hesi zed and _t hen

t oget her . Prefergﬁpygeg dBNﬁ*ﬁE&ﬁ&Hﬁg erddsi &8 an'exﬂﬁﬁég;ﬂﬁﬂﬁﬁkﬁﬁﬂde of
this invention wrhrkke eeliBearecpreferzedsascthe EbnaréhbsQEbQQHQQbﬁptldeS
whi ch are 25 subsequently I inked together The indi vi dua

ol i gonucl eot i des PLEFyd ?n 5Thg bind apgrﬁgﬁggééeristics of
soluble polypeptides according to the invention may be

10 assayed in several known ways, such as by radiolabeling
the polypeptide with, e.g., 3°s, and then contacting the
labeled polypeptide with CD2* cells. Enzymatic labels
or rosetting assays such as described by Seed et al.

( c. Natl. ad ci. USA, 84, pp. 3365-69 (1987))

15 may also be used. '

In another embodiment of this invention,

. fusion proteins and DNA sequences coding for them are
provided. These fusion proteins have an amino-terminal
region characterized by the amino acid sequence of a

20 CD2=-binding polypeptide of this invention and a
carboxy-terminal region comprising a domain of a
protein or polypeptide other than LFA-3. Such domains
include, for example, the Fc region of an
immunoglobulin.

25 _ In the preferred fusion proteins of this
invention, the CD2~binding polypeptides of this
invention are fused to at least a portion of the Fc
region of an immunoglobulin. In these fusion proteins,
the CD2-binding polypeptides form the amino-terminal

30 portion, and the Fc region forms the carboxy terminal
portion. |

In these fuszon protelns, the Fc region is
preferably limited to the hlnge region and the C 2 and
ca3 domains. More preferably, the Fc region in the

© 35 fusion proteins of this invention is limited to a



for conplenentary assenbl y. ' Once assenbl ed, preferred genes
will be characteri zed by sequences that are recognlzed by 30
restriction endonucl eases (including unique restriction sites for
direct assenbly into a cloning or an expression vector), preferred
.codons taking into consideration the host expression systemto be used,
and a sequence which, when transcribed, produces a 35 stable, efficiently
transl ated RNA. Proper assenbly - “may be confirned by

nucl eotide sequencing, restriction mappi ng, and expression of a

o o 00102l 1 20t Kot o ORYPERL HEniA 2634bh ke ok son besng oo,
nucleic acid eequeﬂcﬁormingcmdtegmalecnlarldisﬁlfhdeughlages; EnﬂgtheLFA-S,
eibod mnt conpr 1S4 P Gk diiadele )| BEE pedre Rhmre A0 6 | awtacasrTT
ATTTAGACAC 10 TGIGICAGGT, ahiekamplesofoa useﬁulaLFH935Ig6ﬁusﬁouature
LFA-3. Howevers tBpqoPeehesEeth PMAI AGEHE6RS 187 LFRS%TIP (also referred to
as LFA-3(92)IgG), which is secreted into the cell
culture medium by COS7 cells containing the expression
plasmid pSAB152 (see infra). LFA3TIP consists of the
amino terminal 92 amino acids of the mature form of
10 LFA-3 fused to a portion of the hinge region and the
CHZ and CH3 constant domains of human IgGl (see
Figure 11). The fusion protein, LFA3TIP, contains a
functional CD2-binding domain of LFA-3 and a sufficient
portion of the Fc region of IgG to be recognized by the
15 Fc binding protein, Protein A. LFA3TIP is able to bind
to CD2 and inhibit T-cell activation.
It will be apparent that the polypeptides and
fusion proteins of this invention may be used in
 methods to selectively isolate CD2 or CD2-expressing
20 cells, based on the formation of a complex between the
CD2-binding domain of those polypeptides and CD2.
In another embodiment of this invention, the
polypeptides and fusion proteins of this invention,
. such as the LFA-3-Ig fusion proteins, may be used to
25 label cells expressing CD2 or a polypeptide containing
the LFA-3 binding domain of CD2. For example, the
polypeptides and fusion proteins of this invention may
be conjugated to a "reporter molecule" which allows
detection of the polypeptides or fusion proteins bound
30 to cD2* cells or polypeptides containing the CD2-
binding domain of LFA-3. Owing to the presence of a
portion of the immunoglebulin Fc region in the
illustrative fusion proteins of this invention, such
fusion proteins can be conjugated to the same "reporter
35 molecules" which are commonly conjugated or bound to



i nvent'i on encode pol ypeptides having the anino acid 'sequences of am no.
aci ds '29-120 of SEQ I D NO 10, ami.no acids 29-108 of SEQ I D NO 10, am no
aci-ds 48-108 of 15 SEQ ID NO 10, and SEQ ID NO 7. The nost preferred DNA
sequence of this invention encodes a pol ypepti de havi ng the am no acid
sequence 1-120 of SEQ ID NO 10. This sequence when enpl oyed in ani nal
cells allows production, secretion and ng%yration of a pol ypeptide 20
havi ng t he ami no aci d sequence of anmino aci 29-120 of . SEQ I D NO 10. -
It will be appreciated by those of skill in the art that, due to the

degeneracy of the;ge Hﬁab%?P?lgﬁgei%Eg@agPIig;éfésﬁgo S|nﬁéggu¥iother

nucl eoti de 25 sequences e capable
pol ypepti des of theundntenanbigensgse.dege t @enzymesemrejyted €

d by th p I nvention
encomassed by {Gedkfsgat LAUGMDMS atrectsa o ced"fcPERSEL BT on
30 DNA sequences.bipti naeeﬁepham;dtnwbneeécenezmefconﬁngatedlmoéecudnsare
capabl e of dirgcthA88ofdPhgsFi &R ﬂﬁai-ﬂem fubf&lg’%%ﬁﬂéfﬁp&fdﬁﬁigf this

i nvention in host transforped t herew sequence. encodi ng an
LFA-3 polypept|deEBYe?ﬁ?gnlﬂ%%n??oﬁ°ﬂ%§935%do%€rBPPD@I9°3§“th¥8§°F§e§n
expressi on contrcholequkeseviaritsChc carboxy-terminal portion.

Furthermore, such reporter molecules may be conjﬁgated .
or bound to the polypeptides or fusion proteins of this
10 invention before or after the polypeptides or fusion
proteins have bound to CD2 or to the LFA-3 binding
domain of CD2.
It is a further embodiment of this invention
that the polypeptides and fusion proteins of this |
15 invention can also be used in diagnostic applications
to detect the presence or indicate the absence of CD2
or cells or molecules containing the LFA-3-binding
domain of CD2.
The polypeptides and fusion proteins of this
20 invention can also be used in therapeutic compositions
to inhibit formation of the CD2/LFA-3 complex, when
such formation contributes to a pathologicél state.
Alternatively, they may be used therapeutically to
~mimic the role of LFA-3 in initiating one or more of
25 the T-lymphocyte functional responses dependent on the
formation of the CD2/LFA-3 complex (see, e.g., Dustin
et al., J. Exp. Med., 165, pp. 677-92 (1987); Springer
et al., n. Rev. Immunol., 5, pp. 223-52 (1987)). For
'example,_the polypeptides and fusion proteins of this
30 invention may be used in the treatment of acute and
chronic inflammation, autoimmune diseases, and for
immunomodulation, including treatment of such diseases
as systemic lupus erythematosus or lupus vulgaris,
rheumatoid arthritis and thyroiditis. Furthermore, the
35 polypeptides and fusion proteins of this invention may



- 19 - expression. The term "operatively |inked" as used her ei n
refers to positioning in a vector such that transcription and
transl ati on of the coding. sequence is - directed by the control sequence.
5 To construct ‘a reconbi nant DNA nol ecul e capabl e of directing
expression of the LFA-3 pol ypeptides of this invention, the DNA
sequences encodi ng t hese . pol ypeptides may be inserted into and

expressed using a wide variety of vectors™ ®J Furthernore, within each
speci fic expression vector, various sites may be selected for insertion

of these DNA sequences. Thes ites e usual |y, designated by .. the
restriction endohl‘i?ﬁi%ﬂ]ildﬁ‘j&& f‘?f"ﬁa{{l ﬁéﬁf‘éﬁ%ﬂm Qélr]'f’"rg?bé’l’r ed by
those of skill iprdidfexatidn wf |pelfpherapbluodit kymploopbes, that an
expressi on vector usef uly.d | .ﬂ¥ﬁﬂhi n r iction
endonucl ease site for inserlté oq:r#oest e C osé;'n %ﬁl?‘jsn‘oécra rrgzn : ﬁr;\és{’ead, t he
vector may be joimedeauleshdnvokvegrignicell-gelt mdhesionaxre generally

The expressi o VefhQl e bt v I STt a partiCuldWwSrlspOhsé 'BEGH! ON
of a selected DNA fragnent - and qggiatlve Ilnklrghto,an expressi o

q
control sequéh&els ¥hen &he mrlesules Are Rrefent 4n, 3 myltigeric
factors include, form as sppogebrtofa ndmonerixe el of Xhetgameparti cul ar

Gusceptibility oPuqieins dffeaciic 2O S0 dehy SurbaddiBstion on 1y
host cel | enzypmteinstappeat it mordickbselyfmimic theotypiealde to be
Sﬁf[]‘?figfl g%,lméi:)sr%gg%%g 15 RO witdd,| Gld. ! Cad SERYECENE 8811 will
exhibit hundreds or thousands of copies of a particular
adhesion protein on its surface which then bind to the
many copies of its ligand on a target cell. When many
surface molecules become involved in binding, they may
15 act synergistically, so that the affinity of one cell
for another is greater than the mere sum of the binding
affinities of the individual molecules. Accordingly,
an important aspect of this invention concerns the
preparation and use of multimeric forms of the CD2-
20 binding polypeptides disclosed herein.
A variety of methods are known in the art to
form multimeric forms of protein monomers. Such
methods include using crosslinking agents, e.g.,
glutaraldehyde (e.g., Reichlin, Methods Enzvmol., 70,
25 pp. 159-65 (1980)). If thiol residues are present on a
polypeptide or polypeptides, such groups may be
oxidized to form intermolecular disulfide bonds to
-achieve multimeric forms of the polypeptide or
polypeptides. Thiol residues or thiol-reactive groups
30 may be introduced into a polypeptide using
iminothiolane or heterobifunctional cross-linkers, such
as N-succinimidyl-3-(2-pyridyldithio)propionate (SPDP),
which contains an amine-reactive group and a thiol~-
reactive group. Coupling of the proteins may then be
35 accomplished through disulfide bonds formed either



characteristics,
te the vector

in.the art. The
sequence is determ ned by a bal ance of these factors
and not all selections will be equally effective for-a

- 20 -

gi ven case.
hosts i ncl ude,

sequences from Sv40, bovi ne papi | | oma virus, adenovirus and
cyt onegal ovi rus, d vectaors useful specifically in insect cells, such
at oVl 041, \desthn R Fhroush hanebiEuact {andl rers- 1inkkng

bacteri al

PERZ2. PAES o e dapnrof cTAYLY Sreah Bl oS Y, PR el

fid t he

such as the location of start and stop codons rel ative

sequences, and ot her factors recogni zed by those skilled

choice of a vector and an insertion site for a DNA 35

Usef ul expression vectors for eukaryotic

for exanple, vectors conprisid®y =5 expression control

pl asn digertts). (s¢e Aselidls, fseinivamicha® evvaal) rBicchén. , PER]

| anbda gt series;4i Ipp. ROLORYEL984) p.Lamliext et aall. ptderBiol anChemus
singl e-strandeg DNy PhYOESiagd¥l 4D EPI8%Y £l altne AWPELS Feibgh SEPTession

vectors,

e.g.,

10

15

20

25

30

35

disulfide bond formation between molecules would of
course be limited to the number of thiols available on
the polypeptide (naturally occurring or introduced by
derivatization as above) and whether such disulfide
bond formation adversely affected the affinity of the
resulting multimeric form.

If polypeptides or proteins possess
carbohydrate groups, such as in glycoproteins, the
sugar moieties of such groups may be used in reactions
to link one molecule with another (e.g., Liao et al.,
J. Biol. Chem., 248, pp. 8247-53 (1973); Moroney
et al., Biochem., 26, pp. 8390-98 (1987)).

Other multimeric forms of the CD2-~binding
polypeptides of this invention may be produced by
attaching a phosphatidylinositol ("PI") linkage
sequence, e.g., as described in PCT patent application
PCT/US90/01859, or sequences of C4 binding protein,
e.g., as described in PCT patent application
PCT/US91/00567. The hydrophobic PI anchor may be used

.to form micelles exhibiting a plurality of active

CD2-binding domains or multimeric forms of the PI-
linked LFA-3, in which a plurality of monomers are
associated with one ancther by hydrophobic interactions
between the PI linkage sequences of each monomer (in
the absence of added lipids or membrane). In this
latter case, multimeric PI-linked LFA-3 molecules are
usually octamers; though other'polymeric forms have
been observed (e.g., 6-12 associated monomers).
Alternatively; attaching a segment of DNA encoding the
PI linkage sequence downstream of a DNA insert encoding



the pGEM series and the | anbda Zap vectors. Useful = mammalian cel
expression vectors include, for exanple, PNUT. Vectors useful in yeasts
i nel ude, for exanple, the 2[err] plasm d and derivatives thereof. 20
Such expression vectors are al so characterized by at |east one
expressi on control sequence that nmay be operatively linked to the DNA
sequences of this invention inserted in the vector in order to control
and to regul ate the expression of that 25 el 28e¢ DNA sequence. Exanpl es of
useful expression control sequences include the mal E system the OmpA
system the lac system the trp system the tac system the trc system
maj or operator an& pedypeptidegodnther inveption, amddiramsfeshing| region
of fd coat protel gu;jgdphBengiaeith' HoBtOWRNIES vAkLY ¢l coriberddts, XA
acid phosphat ase, e.g., Phob5, the pronoters of the yeast mat 1'ng
factors, and pronPFeVidgepi Fudthrenpfocedds exhihiting nymenans wopies and

el | 35 promot of S sten ao b e P e e oL ¢
cely 30 PTOTO RS oRangR. g R g 1 Y oTot et and
Alternatively, multiple copies of monomers of
polypeptides and fusion proteins of this invention may
be bound to another molecule or substrate or particle.
As in the case of the binding of LF08 to Affigel-10
10 beads (see infra), the formation and use of molecules,
compdunds or particles comprising multiple CD2-binding
domains are within the scope of this invention.
In addition; this invention also includes
multimeric forms of LFA-3-Ig fusion proteins. Such
15 multimers may be generated by using those Fc regions,
or portions thereof, of Ig molecules which are usually
multivalent, e.g., IgM pentamers and IgA dimers. It is
of course understood that a J chain polypeptide may be
necessary to form and stabilize IgM pentamers and IgA
20 dimers. Alternatively, multimers of LFA-3-Ig fusion
proteins may be formed by using a protein with an
affinity to the Fc region of Ig molecules, such as
Protein A. For example, a plurality of LFA-3-Ig fusion
proteins, such as LFA3TIP, may be bound to Protein A-
25 agarose beads to form agarose beads whose surfaces are
covered with multiple functional CD2-binding domains of
the attached LFA-3-Ig fusion proteins.
In another embodiment, this invention
provides multimeric proteins capable of binding to CD2,
30 which comprise (a) two or more of the CD2-binding
polypeptides described herein, (b) two or more of the
CD2-binding fusion proteins described herein, or
(c) one or more of the cnz-binding polypeptides and one
or more of the CD2-binding fusion proteins.



genes of prokaryotic or eukaryotic cells and their viruses or
conbi‘nati ons thereof. The reconbi nant DNA nol ecul es of the
present 5 invention nay al so conprise other DNA codi ng sequences fused
to and in frame with the DNA sequences of this i nvention. For exanple,
such constructs may be characterized by an ATG start codon fused
directly to t he nucl eoti des encoding the_first amno acid of the 10
LFA- 3 pol ypeptide. This construction nmay 5r38u6e an f-Met pol ypepti de.
However, it w Il be understood that the initial methionine may be

cl eaved during expression I n r ansf sequent |y

r enoved. Al ternatively, '1‘51 qﬁ’ % 3?’35 g’ n?%‘:éﬂ?ﬁ%a% a%ss

eukaryoti c si ghalbes axpedndo lduﬁ:.m ﬂm@dlceddiaﬁ\wemqht (i.ef. ,a Uadaldanuence

encodi ng an LFA- AmER8 ty Ald iyt he

expressed produc?‘ogl Qz{)e el tq%lta@sglcer gthﬂg]\cé?]tlae(ryg%ettﬂ(?'fo a speméflc)

subcel | ul ar conp@onpeptigvihor ondyheartdal pemdddylo Chphdndddgiences are

{ﬁmoveg bytth% P%‘ale%%ﬂesafgtsgful toOQ.ﬁ-{lﬁ'Hﬂtﬁ‘Q:élfl@c?eltla{ﬁiéé”i]@:r{ wratdl on, |
us obviating the hee enpv e rifi ion o esire

pol ypepti de. ManyOFmatH °"sé’mfu%ﬁ’€e ir\ﬁé G%‘P DN% ea LYBT'FC

encodi ng them alpellylpmpt:udest Ip&-caﬁIdedrhferE.xf usiuch [Emldj mojfecsucés smqnal

ol ypeptide - o dnbdaned WATER mekasl® HY B33 8 0T e,

bi ol ogy techni quesy consist of mqﬁ.letharasatqthary ‘tharDenigwy asids andday an
30 LFA-3 pol &%eptﬂed‘ilzqddk@gﬁ et %’241 WW sytitRsRd n%%hodsdqa fnpgid ON

protein by in-frame sequence encodi ng a host
cel | pol ypepti de USEh@® Sucé%qﬁ“@e@ &Pkﬁc‘&%ﬁ%ﬁrﬁqﬁf\ﬁ%%fﬁf ford several

advant ages, such GEagndEtars agertE H1HY €410 aEtHiel Ithe scope of this
' invention.

_'

Another embodiment of this invention involves
15 the use of the CD2-binding polypeptides and fusion
proteins to obtain antibodies recognizing the CD2-
binding domain of LFA-3. Both monoclonal antibodies
(MAbs) and polyclonal antibodies highly specific to the
CD2-binding domain of LFA-3 may be obtained utilizing
20 the polypeptides and fusion proteins of this invention.
Methods for obtaining monoclonal antibodies
and polyclonal antiserum to a particular antigen are
well known in the art. For producing MAbs, an immortal
cell line (typically a myeloma cell line) is fused to
25 lymphocytes (typically'splenocytes) from a mammal
| (e.g., a rabbit) immunized with a particular antigen,
i.e., in this case the CD2-binding domain of LFA-3.
Such fusions usually generate hybridomas, i.e.,
immortal clones of hybrid cells which produce antlbody .
30 molecules specific for a single epitope of the
immunizing antigen (see, generally, Kohler et al.,
Nature, 256, pp. 495-97 (1975)). Effective
immunization may require that the polypeptide
comprising the CD2-binding domain be polymerized or
35 derivatized and mixed with an adjuvant.



35 degradation, ease of identificétion based upon the

-:22 - activity or antigenicity of the host cell polypeptide, and
ease of purification, based upon the physical or i mmunol ogi cal
properties of the host cell polypeptide. This invention al so
relates to hosts 5 transfornmed with the reconbi nant DNA nol ecul es

descri bed above. Useful hosts which may be transforned wi th these
reconbi nant DNA nol ecul es and which may be 31 enpl oyed to express the LFA-3
pol ypeptides of-this i nvention may include well known eukaryotic and 10

prokaryotic hosts, such as strains of E.coli, e.g., coli SG 936,
E.coli HB 101, E.coli WB110tt B8 A}s0 n%&%r!ég%ﬂ?eﬁg%?,tﬁ.%ﬁ?%e

E. coli DH5-al pha,potertiglly Mfiercis atYoned &5 cvbridasas sgenerated
Sacchar ohyces: arfialf tf | s n G adne ity PROGY Efongh 2 1
human tissue whiddly produce antibodies. to Sthe opRerbindingpdeovain of
(SF9)); and p'qa”.tLﬁ?i S ifgh 'té’dﬁ d&feens BiY’ EhvEEvECREshPing
pol ypeptides clai'med herein is b cells.
the supernatants of cultures of hybridomas for the
ability to inhibit CD2~expressing cells from binding to
LFA-3 expressing cells. Assays which have been used to
screen hybridomas for the production of Mabs to LFA-3
10 are applicable as primary screens for hybridomas
producing MAbs specific for the CD2-binding domain of
LFA-3 (see, e.g., Sanchez-Madrid et al., Proc. Natl.
Acad. Sci. USA, 79, pp. 7489-93 (1982)).
The DNA:encoding the CD2-binding polypeptides
15 of this invention and of deletion mutant forms of the
LFA-3 gene, such as those described herein, may also be
used as plus/minus probes to detect and isolate other
DNA sequences encoding the CD2-binding domain of LFA-3.
. The deletion mutant forms of the LFA-3
20 protein, which lack at least amino acids +51 to +60 of
mature LFA-3; at least amino acids +41 to +50 of mature
LFA-3 or at least amino acids +31 to +40 of mature
LFA-3; (and preferably lack all 3 regions) may be used
to clear polyclonal antiserum of antibodies which
25 recognize epitopes of LFA-3 other than the epitopes
within the CD2-binding domain of LFA-3. Such mutants
may be, for example, selected from the group consisting
of M57, M55, M56, PIM3 and M100, and combinations
thereof. For example, a polyclonal anti-LFA-3
30 antiserum may be preincubated with a mutant form of the
- LFA-3 protein encoded by the mutant LFA~3 gene
containing the M57 or M100 deletion mutations (Figure 1
and Figure 6). The polyclonal antibodies recognize and
bind LFA-3 epitopes on the mutant LFA-3 protein.
35 However, since the CD2-binding domain is not present,



It wil'l be appreciated that not all host/expre55|on vector . conblnatlons

will function with equal efficiency in expressing DNA sequences"

encodi ng t he LFA-3 pol ypeptides of this invention. However, a 25
particul ar sel ection of a host-expression vector conbination may be
made by those of skill in the art after due consideration of the
principles set forth herein w t hout depa £%|ng fromthe scope of this

i nvention. For exanple, the selection should”®e based 30 on a bal anci ng of

a nunber of factors. These factors i nclude, for exanple, conpatibility

e onopt and  antiBGhoks tOXEAULY eBlebHE Eghxﬁspbbigé}sgs&dsﬂtg#ygg DNA

sequence to the host, vect
t hat copy nunber, wikd Eﬂﬁrbégﬂ@n Bregﬁpéthtloprgfeths spmpdeaeSytbn& do

vector, such as gorm w111 result in an enrlchment for- aﬁ§ antibodies
anti biotic mar kers, ease_of t he desire I n, expression

over
characteristics of “PALNERE in gBﬁu@%&é§e éteﬁﬁﬁe§§PGﬁf &n P
sequences oper epitepys| bfkeHet aD2RBINdhgsdbaain.costs and the 5

foldjng, formor any other QﬁgeaﬁaLXLRaihgeégreiglBglypeptldes and
fusion proteins of this invention may be formulated as
pharmaceutical compositions using conventional methods
to prepare pharmaceutically useful compositions and
10 combinations. Such compositions preferably include at
least one pharmaceutically acceptable carrier. See,
e.qg., Remiggton's Pharmaceutical Sciences, (E.W.
Martin). Pharmaceutical compositions of the present
invention typically contain, in addition to the active
15 polypeptide, a pharmaceutically acceptable buffer, |
preferably phosphate buffered saline, together with a
pharmaceutically acceptable compound for adjusting
isotonic pressure, such as sodium chloride, mannitol or
sorbitol. The pharmaceutically acceptable conpositions
20 and methods of this invention are characterized by )
pharmaceutically effective amounts of a polypeptide
accordlng to the invention.
The pharmaceutical compositions and
combinations of this invention which comprise LFA-3-Ig
25 fusion proteins may be used, for example, to inhibit
the activation of T-lymphocytes or to inhibit the
proliferation of peripheral blood lymphocytes (see
infra). _ |
| The term "combination" as used herein, =
30 includes a single dosage form containing at least one
polypeptide of this invention and at least one other
pharmaceutically active agent, a multiple dosage form
" wherein the polypeptide and the other active agent are
administered separately, but'concurrently, or a
35 multiple dosage form wherein the two components are



nmodi fi'cati ons of the desired pol ypepti de. Wi | e reconbi nant
DNA t echni ques are the preferred.nethod of producing the pol ypepti des -of
t hi-s i nvention having a sequence of nore than 20 amino 10 acids, shorter
pol ypepti des enconpassed by this - i nvention having | ess than about 20
am no acids. are preferably produced by conventional chem cal synthesis
techni ques. Synthetically produced pol ypepti des of this invention can
advant ageousl y be obtai ned in 15 extrenel y~ rﬁﬁh yi el ds and be easily
purified. In a preferred enbodi ment of this invention, the

I d h d | d ph
POl Ypept des ar e SHOLIERLEEda W RLLLE) BUE SeBhamsa BT B350 oo
(to renove C—terdthérﬂﬂtamehp,athdspobypdpgiddsdoﬁythnsuihvintinn and
degradation ({Re' GERYE AeLELL A é”hgg ?&' 95) tné" P8gh be' g B W%nga.
er ox  avor

the pol ypepti des nay be achieved un conditions
di sul fide bridge ?GFE%S@E@# %sleculeescGPnaEgeyisnBoﬁltkenFWO"enupposnts

Ry G b P A R A G
separatfon téchnrﬁ%@gp ] B ﬁﬁLrn @h§1§9¥e B?l?é?iﬁl?aHtP B9 hgke ’
reverse phase tﬁkaoﬁheoﬂsa néconbﬂhapt.ﬁheienspﬁbheinsl30 _ o ed
A o acids 1o the grow ng e PAECRaBERELLET Somoos1fEbha, adD ! i e
ester of tyrocomeingtionsbef athist inventiohomay bebadnpinistered to a
deri vati zati ofp St gRei antOfh 'inf Ynhenadee2ballf docaptBIL’ HEGAGY £bbn
including, but not limited to, those which may be
administered to a patient intravenously as a bolus or
by continued infusion, intramuscularly, subcutaneousiy,
intracutaneously, intra-articularly, orally or
15 parenterally. . _
- Methods for determining pharmaceutically
effective dosages are known to those skilled in the
art. The dosage and dose rate will depend on a variety
of factors such as the specific composition, the object
20 of the treatment, i.e., therapy or prophylaxis, method .
of administration, and the judgment of the treating
physician. |
This invention also relates to the
bioanalytic use of CD2-binding polypeptides and fusion
25 proteins, or compositions containing them, for
determining the concentration of CD2 proteins or the
detection of CD2-expressing cells in a biological
sample. These polypeptides and compositions may be
used in a manner similar to that of reagents employed
30 in conventional asSays. In addition, the polypeptides
of this invention may be utilized in diagnostic kits
designed to detect the presence and measure the
concentration of CD2 or CD2-expressing cells.

35 The examples illustrate the invention.



- 24°- The bi ol ogical activity of the polypeptides of
thisinvention, i.e., their ability to bl ock LFA-3/CD2 interaction, my
be assayed using a sinple cell binding assay that permts visual (under
5 magnification) evaluation of the binding of LFA-3

pol ypepti de-expressing cells to CD2-expressing cells. Jurkat cells are
preferred as the CD2[err] -substrate (see Exanpl es, infra.). The binding
characteristics of sol ubl e pol ypepti de§ éécordlng to the invention may -
be 10 assayed in several known ways, such as by radiol abeling t he

pol ypeptide with, e.g., [err]S, and then contacting the | abel ed

pol ypeptide with CD2[err] cells. Enzynmatic | abels or rosetting assays
such as described by Seed et al. (Proc. Natl. Acad. Sci. USA, 84, pp.
3365-69 (1987)) 15 nmay al so be used. I n anot her enbodi nent
of this invention, f usi on proteins and DNA sequences coding for them
are provi ded. These fusion proteins have an am no-term nal regi on
characterized by the anmino acid sequenceESMMBEEOLCD2- bi nding pol ypept i de of
this invention and a __-.carboxy-terminal. regio g..2.domain of a
protein or pol% paRSRAEARIRN ol Redgtion FEEH Pttt B =UE o

exanpl e, the FC region of %h order to map the CD2-binding domain on the
'~ LFA-3 protein, a series of deletion mutations of the
LFA-3 gene were systematically generated using site-
specific mutagenesis by oligonucleotide

10 heteroduplexing. cDNA encoding transmembrane has been
isolated and sequenced (see, Wallner et al., United
States Patent 4,956,281), and a bacteriophage bearing
cDNA coding for transmembrane LFA-3 was deposited with
American Type Culture Collection in Rockville, Maryland

15 (accession number 75107). A plasmid, pHT16-6,
containing cDNA encoding transmembrane LFA-3 was
obtained from Biogen, Inc. (Cambridge, Massachusetts)
and used in preparing all the deletion mutations. The
construction of plasﬁid pPHT16-6 is described in PCT

20 patent publication WO 88709820, which is herein
incorporated by reference. Plasmid pHT16-6 contains a
'cDNA insert encoding LFA-3 and contains a unique EcCoORI
site near the 5' end of the LFA-3 coding sequence, a
unique BamHI site adjacent the 5' end of the LFA-3

25 cDNA, a unique HindIII site adjacent the 3' end of the
LFA~3 cDNA, two NotI sites 1112 bp apart and bracketing
the LFA-3 CDNA, and a uniqﬁe Scal site. The cDNA
insert of pHT16-6 containing the entire coding region
for transmembrane LFA~3 is shown in Figure 1.

30 In this procedure, seventeen sequences of the
LFA-3 coding sequence, each 30 bp long, were selected
for deletion. For each proﬁdsed deletion, a 30-base
antisense oligonucleotide (30-mer) was synthesized
which consisted of the complementary 15 bases




i munogl obul in. 25 In the preferred fusion proteins of this

i nvention, the CD2-binding pol ypeptides of this I nvention are fused to
at: | east a portion of the Fc regi on of an i mmunogl obulin. In these
fusi on proteins, t he CD2- bi ndi ng pol ypeptides formthe am no-term nal
30 portion, and the Fc region forns the carboxy term nal portion. -

In these fusion proteins, the Fc region is 35 =preferably limted to the
hi nge region and the CJerr]2 and - Cerr]3 domains. Mre preferably, the
Fc region in the 35 fusion proteins of this inventionis |limted to a

- 25 - por immediately mpsireasgiofn,(S'h&g)othepropased delstion of

or 2. 0121 ! G5 ghef i lnten 95 e Yimegatty IR 7
fusion 5 protei @fof{3'hitP)i Shenproposed dedetion sdivknidization of as
LFA-3(92) 190G, wWpathiiculaeC ssinthetilco d1igdmidleotide/ il SEHAEN W 1957
cells containing the PR tesdlted iR 3 Hetdrodupies In whidk)a TP
consists of tRe b P

specific sequence of 30 bp would loop out. By this

mutagenesis procedure, some of the replication products

of the heteroduplex contained deletion mutations

lacking the 30 bp region looped out by heteroduplex

10 formation. '
- The synthetic oligonucleotides used to
generate the seventeen deletion mutants depicted in
Figure 1 are set forth in the following table:
Complementary to Segment

15 Seguence LFA-3 Nucleotides 'Dele;ed'
| SEQ ID NO:13 109-123+154-168 M53
SEQ ID NO:14 139-153+184~-198 M54
SEQ ID NO:15 169~-183+214-228 M55
SEQ ID NO:16 199;213+244-258 M56
20 - SEQ ID NO:17 229-243+274-288 M57
SEQ ID NO:18 259-273+304-318 M58
SEQ ID NO:19 289-303+334~-348 M59
SEQ ID NO:20 319-333+364-378 M60
SEQ ID NO:21 349-36$+394-408 M6l
25 SEQ ID NO:22 379-393+424-438 M62
SEQ ID NO:23 409-423+454-468 _ M63
SEQ ID NO:24 439-453+484-498 M64
SEQ ID NO:25 469-483+514-528 M65
SEQ ID NO:26 | 499-513+544-558 M66

30 SEQ ID NO:27 529-543+574-588 M90



amno termnal 92 amno acids of the mature formof 10 LFA-3 fused to a
portion of the hinge region and the Cerr]2 and Cerr]3 constant
domai ns of human | gGl (see Figure 11). The fusion protein, LFA3TIP,
contains a functional CD2-binding domain of LFA-3 and a sufficient
portion of the Fc region of 1gGto be recognized by the 15 Fc binding
protein, Protein A. LFA3TIP is able to bind to CD2 and inhibit T-cel
activation. It will be appare®f that the pol ypeptides and
fusion proteins of this invention may be used in met hods to sel ectively
| sol ate CD2 or -CD2-ex ressing 2 sed on _the formatjon of a conpl ex

Q cells, b
bet ween t he CD2- bi RERNGPIHRERR of5§96§§3559§5§ﬂ§ides andi®dm.
I n anot her enbodi nent I s J.gyentian l.ypeptid and fusion
proteins of this inveﬁgbokg Eo'g ch §§Btﬁbg§ﬁ35§gﬁ fusiongg?Bteins, may be
used to 25 [label cells expressing CD2 or a pol ypeptide containing “the
LFA-3 bi ndi ng domai n of CD%orF%cS{;ﬁ@%'e‘i-ndhg ex, %ﬂ&,@%ﬁl@%@%éﬁd’?
proteins of this invention may e conj u ed’to a "reporter ecule
which allows  PETaSr6o160 wigd wwpbpes%esi yid thy Siad Il (@36 s 30
to CD2+ cellssor Na@l ¥RAgRRNAS BicAAbA) "aikd Ql%h@zgﬁ_'ml iav RehidTai N of
LFA-3. OMng to the résence qQf _a ortion of e |,mmn§% ohuli.n Fc

region in the Ne@W ARG Bdolabsy, or BamHls (300 mndtsy, Aey Fngland,
fusion proteins sd81a®s)qn] Apwithért Sanipdes afe pHTAEME 10 uy)l a@d es” whi ch

are commonly conpyaated Qs B ¥dedtion with scar (300 units,
New England Biolabs). Digestion products were

10 electrophoresed on 1 percent (w/v) agarose gels in TAE
buffer (40 mM Tris/acetate, 1 mM EDTA, pH 8.0), and the
desired fragment from each digestion was then
electroeluted from the gel (Maniatis et al., Molecular
Cloning: A Laboratory Manual (Cold Spring Harbor,

15 1982)). In the case of the Scal digestion, the
linearized pHT16-6 was electroeluted from the gel; in
the case of the HindIII/EcoRI or HindIII/BamHI
digestions of pHT16-6, the larger of two restriction
fragments produced in each case was electroeluted.

20 A sample of the Scal linearized pHT16-6 DNA
(100 ng) was mixed with a sample of the isolated
HindIII/EcoRI or HindIII/BamHI restriction fragment
(100 ng) and with 8 picomoles of one of the seventeen
antisense oligonucleotides previously phosphorylated

25 with ATP (Maniatis et al., supra). Referring to

. Figure 1, since the EcoRI restriction site is located
in the M56 region, the HindIII/EcoRI large restriction
fragment could not be used to generate deletions of
regions M53, M54, M55 and M56. Thus, the HindIII/BamHI

30 large restriction fragment was used in the procedure to
generate these four deletionms.

In order to form heteroduplexes, a synthetic
oligonucleotide, Scal~linearized pHT16-6, and either

HindIII/EcoRI or HindIII/BamHI large fragment of



- 26 - i mrunogl obulins in order to detect inmunoglobulins bound
to antigens, e.g., [err]l, enzyne-conjugated secondary anti bodi es
directed to the Fc region, or bi oti n-streptavi din based enzyne
conjugat ed nol ecules. 5 Accordingly an LFA-3-1g fusion protein of this

I nvention may be conjugated or bound to such reporter nol ecules via its
Fc carboxy-term nal portion. Furthernore,_such reporter nolecules my
be conj ugat ed or bound to the polypeptldag or fusion proteins of this
10 invention before or after the polypeptides or fusion prot ei ns have

bound to CD2 or t F f .4CD

a further enbodi n&l{fic;%rlst ﬁ)leg Ilgéet%g iﬁ‘ M’W!‘%ﬁ}e %& %"e qcc?&' $ad Fﬁgl on
proteins of this Trisiednt plin 7c8én aﬂdsbd:desbé@n ]I? giimptest ito ajgriatante ons
to detect the pre c té:%@'gc

nol ecul es contalnﬁﬁg t eraL I ndi %ﬁﬁ%@%ﬂ.% gﬁﬁﬁ&% & j¥ﬂés¥6¥ 1

pol ypepti des and h@¥ron thesx atn4 °& fﬂ#’l 4 hour,yand fHinaddvalate QRC kax 101

t herapeutic compogiinudes. (o inhibit formation of the CD2/ LFA-3 conpl ex,

when such formation contributes to g .path Ioglcal at
Alternatively, they may be riﬁ&%ﬁﬁlﬂﬁ iﬂlﬁﬁ?the rol e of
LFA-3 in initiati hgt@tedmpm olexrib ﬂ:hﬂ.e& |1mm ffragneantd Iigaeases
dependent on the in a %&%&' Oq'e% 'I:tlbﬁ %‘2%&5@% %yC%rgai% (tsoeethee ac’nnea[.)t'esél :
DNA the following constituents to give the indicated
10 final concentrations or amounts: ATP (20 mM); dATP,
dTTP, 4GTP, dCTP (each at 10 mM); Klenow (large
fragment of DNA Polymerase I, 2.5 units, New England
Biolabs); T4 DNA ligase (200 units, New England
Biolabs). The mixtures were then incubated overnight
15 at 15°cC.

After incubation, half of each fill-
in/ligation mix was used to transform 100 p#l of E.colj
JA221 (Maniatis et al., supra). Colonies of

~ transformed cells were selected on LB plates
20 supplemented with ampicillin (50 ug/ﬁl) (Maniatis
et al., supra).

Colonies of transformants were screened for
the presence of a particular deletion by colony
hybridization using the particular oligonucleotide used

25 in the heteroduplex to generate the deletion as a
probe.

For use as probes, a sample of each
oligonucleotide (80 pmol) was labeled using'32P-ATP by
standard procedures. The labeled oligonucleotides were

30 precipitated with 2 M ammonium acetate (Maniatis
et al., supra). Labeled probe was added to the
hybridization buffer at a final activity of
approximately 5 x 10° CPM/ml of hybridization mixture.
Hybridizations were carried out on nitrocellulose

35 filters at 60°C for about 8 hours. After washing the



et al’, J. Exp. Med., 165, pp. 677-92 (1987); Springer et al., Ann.

Rev. tmunol ., 5, pp. 223-52 (1987)). For exanpl e, the pol ypeptides and
fusion proteins of this 30 invention may be used in the treatnent of acute
and chronic inflammation, autoi nmune di seases, and for

I munonodul ation, including treatnent of such di seases as systemc

| upus eryt hemat osus or |upus vulgaris, rheumatoid arthritis and
thyroiditis. Furthernore, the 35 pol ypeptid and fusion proteins of this

i nvention may - - 27 - be used to

bl ood 1 ymphooyt et 11688 W08 o Bhq murrel gt 6656, ' fieiadfootdfhd
mol ecul es i nvol veths rpe:sﬁdrnnﬂ |anti s Tl ve mgbmmqslgc&'@rwietiﬁve in

eliciting a partigu r e f refii@ ag% €ion
present in a nultlnerlc n1as opﬁ%se to nDnonerl orn1o e sane
protein. Miltimemetgeions dfa%éqnm%eb%M| $FAUENGE ARR shﬁpéﬁ?x%

m]9][e cl osel IyI g mlfnd f&mh&@,alihﬂ?agg_mgmmgmfe(smesﬁa? and
oot or ool W o1aadd )" &s. 'V EE FBp 2490886 (Eo80) OBk °S18Lnia oia

in colonies scoring positive according to hybridization
results.
These procedures produced plasmids, each
10 containing one of the 30 bp deleted sequences listed
above and depicted in Figure 1. The plasmid containing
the M57 deletion in the LFA-3 coding sequence was
designated plasmid pLFA3M57-4A.

EXAMPLE 2

15 onst ti o ecombi t es asmids

Plasmids prepared according to Example 1 with
successfully deleted 30 bp segments from the LFA-3
coding sequence were used for construction of
expression vectors. Aliquots of 100 ug of plasmids

20 having deleted segments (see Figure 1) M54, M55, M56,
M57, M58, M63 and M65, respectively, were digested with
NotI endonuclease (100 units, New England Biolabs,
Beverly, Massachusetts). For M57, M63 and M65, the 5°
overhangs were filled in using a standard Klenow

25 (New England Biolabs) reaction mix (Maniatis et al.,
supra) to generate blunt ended restriction fragments.
The fragments were purified from 0.7% TAE agarose gels
by electroelution. '

The gel-purified, blunt-ended, NotI fragments

30 were then individually cloned into the Smal site of the
eukaryotic expression vector pBG368PY (Dailey et al.,
J. Virol., 54, pp. 739-49 (1985)) using T4 ligase at
15°C overnight. NotI fragments of M54, M55, M56, and
M58 were gel purified as described above and ligated to



adhesi'on protein on its surface which then bind to the many copi es of

Its li'gand on a target cell. Wen many surface nol ecul es becone invol ved
i n-binding, they may 15 act synergistically, so that the affinity of one
cell for another is greater than the nmere sum of the binding

affinities of the individual nolecules. Accordingly, an inportant _
aspect ‘of this invention concerns the @garation and use of multineric
forns of the CD2- 20 binding polypeptides di |'0sed herei n. A
variety of methods are known in the art to formmultineric fornms of

01 1t ar al dehyde ( ASEE RigentreRfifen oh Pactary ehS0. " hd FENLRInG O
(1980)). If thioligatiemesvere usedche ‘bnaanompB.Lgthﬂaazmrand

pol ypepti des, suchoSieivé E8Yokfes ofoﬁfﬁhéfgrﬁﬂn QrabhES ar
di sul fi de bonds to achieve.nmultineric rns O e t| e or

pol ypepti des. ThiFRCPmRingAt B}a?ﬂ+%? F%EE? ne Ehﬁuﬁ§5863ﬁ3§n§GrFﬁtWGEGced
into a pol ypepsi didentified byncobohychybeieizationpbakuaesteibkd above.

oss- | i -3-(2- pi,on e
(spomy . " S o pri e Ak i ok hais7, ‘e 8 and ek’ TnakPEa®sn
reactive group. Oleptongwas comfirwediby EagRIhdigestibnacgenpratihng
through disul fidegd9fds,686 "&Hac268%p fragments for correctly oriented
inserts, which were separated on 0.7% agarose gel. For

10 plasmids containing M54, M55, M56 and M58 inserts, the
orientation was determined by PvuIl digestion analysis,
where the correct orientation generated fragments of
6599 bp, 1185 bp and 506 bp. All fragments were
verified by DNA sequencing (Maxam and Gilbert, supra).

15 The recombinant expression plasmids carrying
DNA encoding the M54, M55, M56, and M58 LFA-3 deletion
mutations were linearized with AatII and electroporated
into Chinese Hamster Ovary (CHO) cells according to the
published prdtocol of J. Barsoum (DNA Cell Bjol., 9,

20 pp. 293-300 (1990)). Plasmids carrying DNA encoding
the M57, M63 and M65 deletion mutations were linearized
using NrulI and electroporated into CHO cells as above,
except that 19 ug of the NrulI-digested DNA was ethanol
precipitated overnight at -20°C with 1 pug of EcoRI-

25 digested SV2 DNA (DHFR') and 380 ug of sonically
disrupted salmon sperm DNA. CHO cells (1 x 10’) were
electroporated with the coprecipitated DNA at 280 volts
using a BioRad Gene Pulser.

- After electroporation, cells were seeded into

30 two 100 mm plates in alpha+ MEM, 10% fetal calf serum
(FCS), 4 mM L-glutamine, penicillin/streptomycin, then
incubated for 48 hours at 37°C. The cells in the
plates were then divided into five 100 mm plates
containing alpha™ MEM, 10% FCS, 4 mM L-glutamine,

35 penicillin/streptomycin, and incubated for five days at



- 28 :* directly or through honobifunctional cross-Iinking agents

(see,“e.qg., Srinivasachar et al., Biochem, 28, pp. 2501-09 (1989);

Ramakri shnan et al., Cancer Res., 44, pp. 201-08 (1984); Lanbert et al.,

J. Biol. Chem, 5 260, pp. 12035-41 (1985)). The effectiveness of

di sul fide . bond formati on between nol ecul es woul d of course be limted to

. the nunber of thiols available on t he ngﬂugnide (naturally occurring
or introduced by derivati zati on as above) and whet her such disul fide 10

- bond formation adversely affected the affinity of the resul ting

(r:rglr E)l)gcr:llr;t ];Ogrgp]m?p"s",c'suc%%scﬁﬁﬁ%%%%%??g?&{%%ﬁtﬁ g%foén%ﬁi‘é ei%es of

such groups nay Mediuen suppleménted with 200 MM amethotrexate wEoh MHD} her

cr 81, B ochem #9% a8 wekSnd g btnde 6B (RP ety HBEY
forns of the CD2-anchdf3f. Eaghplate deas Irown sto 19Qhtcenthueney pheBuced

by 20 attaching aidpddaty BACHOfFibrdsddndelddkigfted 661VCH6Ptef) Jto AS
described in PCT ggtent,gg%cat i on PCT/ U890/0185]9~5 or seguen es

0
bi ndi ng prot ei n, GetEXRLN QT 3Ry of, the GHY SRltyres Ltrapptected
PCT/ US91/ 00567. Thithyehe MFH+3 déletidw rmutyt bons sexpréssedf then matanhtes
exhibiting a plurglity o iye CD2- bi ndi ng domains or multimeric
forns of the PI- f“’m%/i?ée@%r—%@& in which a plurality of nononers are
associ ated wth one anot her by hydrophobic interactions between the P
| i nkage sequences of each nononmer (in  EXAMPLE 3

10 C sis of Transfected Cells

Transfected CHO cells, prepared in Example 2
and grown in the presence of methotrexate to 90%
confluency, were rinsed twice with HANKS BSS medium
(ca** and Mg** free, pH 7.0) and_removed.with HANKS
15 (ca'* and Mg** free, 5 mM EDTA, pH 7.0) medium.

Approximately 2 x 10° cells were resuspended in 100 ul
of a solution of cold (0°C) wash buffer (PBS, 0.1%
NaN,, 0.5% bovine serum albumin (BSA), pH 7.2), and a
primary antibody was added. The primary antibody was
20 either anti-LFA-3 MAb TS2/9 ascites fluid (see, e.g.,

" Sanchez-Madrid et al., Proc. Natl. Acad. Sci. USA, 79,
pp. 7489-93 (1982), obtained from Dana Farber Cancer
Inst., Boston, Massachusetts); the anti-LFA-~3 MAb 7A6

_ (obtained from Biogen, Inc., Cambridge, MA; 1.6 ug/ml);
25 or anti-LFA-3 polyclonal rabbit antiserum 202 (obtained
from Biogen, Inc.). All the primary antibodies are

known to block CD2 adhesion to LFA-3. The amount of
primary antibody used was typically between 1 and 2 ul.
Cells were incubated at 0°C for 45 minutes and washed
30 twice with wash buffer.
A fluorescein-labeled secondary antibody was
then added and the mixture incubated for 30 minutes at
0°C. For analysis with the monoclonal antibodies, the



30 thé absence of added lipids or nenbrane). In this | atter case,

mal tifreric Pl-1inked LFA-3 nol ecul es are usual |y octaners; though other
polymeric forns have been observed (e.g., 6-12 associ ated nononers).

Al ternatively, attaching a segnent of DNA encoding the 35 Pl |inkage
sequence downstream of a DNA insert encoding : _

- 29- a polypeptide of the invention, and transfecting sui tabl e

- mammal i an host cells with this construct, %4l - provi de a cul ture of
cell s exhi biting nunerous copies of the CD2-bindi ng pol ypeptide on
their surfaces "5 (attached by a Pl anchor). Al ternatively,
mul ti pl e copi es oéecondarysantibodpowgsefludeesaeinf (PTAFR)pcongugatefl t hi s

ae'th the cave ofSFRERbFRoPREEEEeHhotE SaF s Fadhed PIRbT 18k PEELFIT o)
the formation and(MaeksbnnﬂhgunbeeseagchpnpbandtcnieparIhcpesﬂestpstpwng
By one ey £ofodBe 1k syt bongfongastel Untikbrell y0g,
fusi on protein8. thensecondary antibody was fluorescein isothiocyanate
(FITC) goat anti-rabbit IgG (H+L) (Fisher Biotech,
Pittsburgh, Pennsylvania).
After incubation with the secondary antibody,
cells .were overlayed with 300 pl FCS, washed twice in
10 wash buffer, resuspended in 300 ul 1 x PBS and
transferred to Falcon 2052 tubes to be read on the cell
sorter.
Referring to Figure 2, the FACS analyses
indicated that cells transfected with expression
15 vectors containing deletion mutations M57 (Figures 2A
and 2B), M65 (Figures 2C and 2D), M63 (Figures 2E and
2F), M54 (Figures 2G and 2H), M55 (Figures 2I and 2J),
M56 (Figures 2K and 2L), and M58 (Figures 2M and 2N)
expressed a surface protein that was recognized by the
20 anti-LFA-3 polyclonal antiserum 202 (Figures 2A, 2C,
2E, 2G, 2I, 2K, 2M). However, the anti-LFA-3 MAbs
TS2/9 and 7A6 bound only to transfectants_carrying the
M65 and M63 deletion mutants and not to transfectants
lacking the M57, M54, M55, M56, or M58 regions (compare
25 Figures 2B, 2H, 2J, 2L, 2N with 2D, 2F). These results
indicated that the M54, M55, M56, M57 and M58 segments,
which were deleted from the LFA-3 protein in,
respectively, the deletion mutations M54, M55, M56, M57
and M58 (see Figure 1), were important in CD2
30 recognition of the LFA-3 molecule.



15 multimers may be generated by using those Fc regions, or portions

t hereof, of |Ig nolecules which are usually mul tivalent, e.g., |gM
pentaners and I gA diners. It is of course understood that a J chain

pol ypepti de may be ‘necessary to formand stabilize I gM pentaners and | gA
20 dinmers. Alternatively, nultinmers of- LFA-3-1g fusion proteins may be
formed by using a protein with an affinity to the Fc region of Ig

nol ecul es, such as Praotein A, For exanpte#2 & plurality of LFA-3-Ig
fusion proteins, such as LFA3TIP, may be bound to Protein A- 25 agarose
beads to form agarose beads whose surfaces_are covered with nmultiple
functional €D2-binding donai ns of t hEXAUEREREd LFA-3-1g fusion

pr ot ei ns. L lof o_he enbpg[nent, this invention provi des
mul ti meric prot eirs=2fpabFe . e-fo=to-CD2, 30 which conprise (a) two

3 .
more of the 08%2%?25?%9%5?8% BH4flFRe bl VHEH fRpokly flet1B,Y
one or nore of tkmntiti&ﬂnﬁﬂM@Vﬁ@H@ﬁegelhEb. 20RO orells tvansfiected whth
CD2- b'”d'ng Fusi G DERIE P4 (see, Wallner et al., PCT patent - 30 -
application WO 90/02181) expressing PI-linked LFA-3
("P24/CHO" cells, positive control), and normal CHO
cells (negative control) were tested for the ab111ty to
. bind Jurkat cells expressing CD2.
10 M57/CHO cells, P24/CHO cells and CHO cells

(1 x 105) were added to separate wells of a 6-well

plate (Corning) and washed twice with RPMI Complete
Medium. Jurkat cells (cD2%), obtained as a gift from
Dr. Timothy Springer (Dana Farber Cancer Inst., Boston,
15 Massachusetts) were washed three times with a solution
of RPMI, 10% FCS, 4 mM L-glutamine, and then 5 x 10°
cells were added to each well and incubated for 4 hours
at 0°C. Cells were then washed gently three times with
RPMI and examined under the microscope at 40X and 100X
20 magnlficatlon for cell-cell binding.

Referring to Figure 3, whereas positive
control cells expressing PI-linked LFA-3 bound Jurkat
cells expressing CD2 (Figure 3C), MS57/CHO cells failed
to bind Jurkat cells (Figure 3B), as did nontransfected

25 (LFA-3") CHO cells (Figure 3A).

EZA&BLE_Q

No | lot is of A _fr M57 C

The mRNA of M57/CHO cells was analyzed by
Northefn blot as a further confirmation that the
30 failure of the monoclonal antibodies, i.e., MAbs TS2/9
and 726, to bind to the M57/CHO cells was due to the
surface LFA-3 mutant lacking the M57 CD2-binding region



The pol ypeptides of this invention may al so be used to design | ow

mol ecul ar weight (i.e., usually . nononeric nolecular weights of |less than
1000 dal t ons) nonpepti dyl or only partial peptidyl CD2-binding 5
nmol ecul es useful to inhibit cell-cell adhesion via formati on of the

CD2/ LFA-3 conpl ex. Based on the. pol ypepti des provided herein, such snal
nol ecul es may be desi gned whi ch possess hge_ability to bind CD2 and
may consi st of npieties other than am no acids and may 10 be produced
entirely through synthetic nethods. The use of such small nol ecul es as

therapeutic or ra@hﬁg'r'@:ﬁﬁhcher ﬁ%%f}ﬁ%n&ale:;@f@sgi'dﬁ die tH MfutHnt Ni S

i nventi on. ment of "this invention involves 15
t he use of the CDEAansﬁng pol ypepti des and fusion proteins to obtain

antibodies recogni zi ng t he gl erom RN GOTYNMS /el bell® forenagenal
ant i bodi es (MAbs) and po ycIonaI antlbodles hlghk%:s ecific, to the

CD2- bi ndi ng donamm plateawasndealatas ashLpldovs:zi H’@%Wl des
and fusion prgt eiamoRled Rind i2NANtd@raction buffer (0 hMiTFis-cbt gpiwi ng

e ol T knodn 0 o SHR, Wt s, Hrotaite X Adfiq ¢ Fo 0T 0"

line (typically gy dmmeddlateliyngrior ftnsersa)ovﬁs laddadcytEre (plateal | y

spl enocyt es) fro ° |
ant i gen, ovah Finten, A€ plinchd B 37 ¢, URHR il WiaRERG 00, 2
f usi ons usual | y genétmsqmmddmte d,eveloped @Anst (6as (Fehteckedhimrad
cel I's which preduge ANtidiidyeuife m'lﬁ?‘&szafﬁﬁﬂﬂnﬁé d®r a single epitope of

t he I mruni zi ng antigen (see, genera Kohl er et al ture, 256,
pp. 495-97 (1975 engl:ahlaroforn’ akhan zéq'(ﬁp’r?e)y ‘f%uﬁ%e‘ih%’?ya
pol ypepti de mixture vortexed briefly. The mixture was homogenized

on a Polytron mixer (Kinematica, Switzerland) for 15
seconds at highest speed to shear the DNA. The mixture
15 was poured into a 15 ml Corex tube and centrifuged at
| 10,000 rpm, 10 minutes at 4°C.

_ After centrifuging, the aqueous phase was
collected and NaCl was added to 0.25 M, followed by 1
volume of isopropanol. This mixture was placed on dry

20 ice for 10 minutes, defrosted and centrifuged 15 |
minutes at 10, 000 rpm and 4°C.

The pellet was resuspended in 2.9 ml
distilled water and vortexed. 0.9 ml of 12 M LiCl was
added (to 2.8 M) and the suspension allowed to stand at

25 least four hours at 4°C. 5S RNA and DNA remained in
solution; other RNA fractions precipitated. This
solution was .centrifuged for at least 15 minutes at
10,000 rpm at 4°C. '

The pellet was resuspended in 360 ul

30 distilled water and transferred to an Eppendorf tube.
40 gl 3 M NaAc (pH 5.2) and 1 ml ethanol were added,
then the mixture was cooled at -70°C for 5 minutes,
cooled at -20°C for 15 minutes, centrifuged, rinsed
with ethanol, and resuspended in 400 upl 0.3 M NaAc.

35 Ethanol (1 ml) was added and the precipitation was



conpr’i sing the CD2-binding domai n be polynerized or 35 derivatized and
m.xed" wi t h an adj uvant. - 31 -
It.is also necessary to be able to screen the potentially nunerous

cl ones of hybridomas generated fromthe fusions in order to identify

t hose cl ones whi ch produce antibodies to the CD2-binding domain of 5
LFA-3. For exanple, such screens may involve, assaying t he supernatants
of cultures of hybridomas for the aMIit)ﬂ o inhibit CD2-expressing
cells frombinding to LFA- 3 expressing cells. Assays which have been

USed 10 o ST O AN 0O 0 i, G600 b Ol Obr Bl Orbbng Uas ©

applicable as pri y SCreens r roduci ng pecific for
the CD2- bi ndi ng doesuspended 100 gl (distitled wab@Ehez-Madrid et al., Proc.
Natl.  Acad. Sci. USA 79}0pﬂg S£86n83RIANEre- electrophoresedhonDiA1LY
encodi ng the CIQ_bIndInng?gx e&tld s 15_of ,this_inveption_apnd of, del etion
nutant forns of tAYATOSETHQ gﬁ ghydecgels TRansfgrte itgdah PBPRCTRED? al so
be used as g! Uﬁiﬁrhaualmnbee_ﬁemﬂeanet (Red Eagllahd Nubzear) BNA
sequenc - i h _
au es enco Ingyﬂrgdggzdbégdérﬁhﬁkiggéié) ﬁégfg; As a control, RNA
- extracted from the cell line M16.3/CHO (expressing
recombinant soluble LFA-3, obtained from Biogen, Inc.,
Cambridge, Massachusetts) was analyzed on the same
10 Northern blot. The Northern blot analysis (Figure 4)
indicated efficient synthesis of the M57 RNA in the
M57/CHO cells. |

EXAMPLE 6
Immunoprecipitation of LFA-3 Deletion Mutant
15 To verify the loss of specific antibody

binding domains in the mutant LFA-3 expressed on the
surface of M57/CHO cells, M57/CHO transfectants,
untransfected CHO cells, and P24/CHO transfectants
(which express PI-linked LFA-3) were surface labeled

20 with 1251, and each of the three primary antibody
preparations (i.e., polyclonal antiserum 202, MAb TS2/9
and MAb 7A6) were used to immunoprecipitate LFA-3 after
detergent disruption of the surface membrane.

About 107 (each) of M57/CHO cells, normal CHO

25 cells and P24/CHO cells suspended in PBS™ (i.e., PBS
without ca** and Mg**) supplemented with 5 mM EDTA were
washed three times with PBS™ and resuspended in 0.5 ml
PBS. Washed cells were added to glass tubes (12 xX 75
mm?) previously coated with a solution of 50 ug

30 1,3,4,6-tetrachloro-3a,safdiphenylglycoluril (Iodo-
Gen, Pierce Bio-Research, Rockford, Illinois) in 100 gl
‘CHC1, and dried in nitrogen. Just before use, the
tubes were rinsed with PBS, .and then 12570dine (1 mCi)



The del etion nutant forns of the LFA-3 20 protein, which |ack at |east

am no* acids +51 to +60 of mature LFA-3; at |east amno acids +41 to +50
of. mature LFA-3 or at least am no acids +31 to +40 of mature LFA- 3;
(and preferably lack all 3 regions) may be used to cl ear polycl onal

antiserum of anti bodi es which 25 recognize epitopes of LFA-3 other than
the epitopes wi thin the CD2-binding domaijL of LFA-3. Such nutants -may
be, for exanple, selected fromthe group co sting of Mb7, MB5, Mb6,

PI MB and MLOO, and conbi nations t hereof. For exanple, a polyclonal

anti-LFA-3 30 antiseru Y. [ EE%?Ifﬁhﬂg t f the
LFA-3 protein en@%&%@%h%&%@g%t% - geneéee& %%n?‘g% nléﬁfgn% e Mb7 or
MLOO del etion nutminutes( Fith eswirling revery k@ minutes. pol ycl onal

anti bodi es recogni ze and  apdindi st £6h | OBSE DOAiRELEY! 88115 Niede
protein. 35 However, since t%e CIQ-prdinE domain is not present,

-32-  anti boctdded E@ HlQ mbiatpha’ R EGonA B hgtuhaning; ||
not bind. Preg p‘iﬁél@ébﬁfé wdFe COPRh S¥Gin | "MdsKed twiesWith! 5TASULE tHedn

enri chnment for any anti bodi es remaining in the_apti serumthat are
specific for g;me medium, and then resuspended En 1 mf PBS ang

centrifuged again. The washed cells were then lysed by
resuspension in 1 ml DOC buffer (20 mM Tris/Cl, pH 7.3;
50 mM NaCl, 0.5% deoxycholate (DOC); 0.5% NP40)

10 containing 20 pl of protease inhibitor PMSF (Sigma
Chemical Co., St. Louis, Missouri, 17 mg/ml in
ethanol), followed by incubation for 30 minutes on ice.
The lysate was then microcentrifuged for 10 minutes at
4°C, and the supernatants containing the 1251_1abeled

15 surface molecules removed. '

Lysates from the foregoing iodinations were
precleared by contacting with 50 pl of protein
A-Sepharose and incubating on a rocker for 1 hour at
room temperature. 100 pl of lysate was removed for

20 each sample and mixed with 300 ul of DOC buffer. This
mixture was centrifuged and the resulting cleared
supernatant removed to a new tube.

Primary antibody was added to samples of each
of the cleared supernatants: Polyclbnal anti-LFA-3

25 antiserum 202 was used at a final concentration
40 pg/ml; MAbs TS2/9, 7A6 and a control monoclonal
antibody, MOPC-21 (IgGl, not specific to LFA-3) were
used at 5 pg/ml. 100 pxl DOC and 2 pl protease
inhibitor PMSF were added, and the mixtures incubated

30 on a rocker for 2 hours at room temperature 25°C or
overnight at 4°C.

After incubation, 30 gl of protein |
A-Sepharose (for polyclonal antiserum 202 samples) or
15 pl of anti-mouse IgG-agarose (Sigma Chemical Co.)

35 (for MAb samples) was added to the samples, followed by



5 epi topes of the CD2-binding domain: The CD2- bi ndi ng domai n

pol ypépti des and fusion proteins of this invention may be fornul ated as
phar maceuti cal comnpositions using conventional nethods to prepare
pharmaceuti cal |y useful conpositions and 10 conbi nati ons: Such conpositions
preferably include at | east one pharmaceutically acceptable carrier.
See, e.g., Rem ngton's Pharnaceuti cal S&beﬂces (EW Martin).
Pharmaceuti cal conpositions of the present i nvention typically contain,

in addition to-the active 15 polypeptide, a pharnaceutically acceptable

buf f er, pref e§ aRibal2BpPBA! @ 28 e&eéc&ab' RBurk0ae! Ron'tidhperature.

pharnaceutlcally accept abl e conpoun | sot Qni ¢ pressuyre,

such as sodi um chh8r Pé@uﬁﬁﬁnP’%F gpen CEBFSFFHHE%TﬁQrp@aHm c AN,
accept abl e conpoghel eupezﬁataﬁteebheéruanyt beﬁoveueahdomwm actieniy ed

by  phar maceutl(%abo)é gff%ctlve a unts P@al 8?/n%g%tld ccordl ng to

t he i nventi on.
conbi nati ons &f rbsuspnmdndlbq'whmthxungprl!heLEAS&ﬂp;nﬂédeatarialﬁwasw

may be used, fortﬁéangg hpslg EFkg%Jon of T-Iynphocytes or
to inhibit the proli eratlon per era ood | ynphocytes (see
infra). ' The t@ﬂmrmmmmﬁamees@@mmwsm b¥cl udes a
singl e dosage fopgn &E?'l&h&&eabéle%ibﬂ%%phor@%hépe@d (iﬁ It iSps d g i on
and at | east one_ot phar méaceuti cal | I v ent nultlple osage
form  wherein PHE SGI ypepeodedan thens &‘ﬁé‘[il QT 15

adm ni st er ed1gepaiauties. buhecmwlreemelsytheh eei!ﬁ:rmﬁdgem gaonge form
R t““-&&ﬁ%%ﬁiﬂt%n%r%ne supernatant removed and saved for
electrophoresis. 15 ul of the supernatant was run on a
denaturing 10-20% gradient polyacrylamide gel (Daiichi
system, Enprotech), and autoradiography performed to
15 identify immunoprecipitéted surface proteins.
Figure 5 is an autoradiograph of an SDS
" polyacrylamide gel showing antibody-precipitated LFA-3
surface proteins from M57/CHO, normal CHO, and P24/CHO
cells. This gel revealed that TS2/9, 7A6 and the
20 polyclonal antiserum 202 precipitated LFA-3 from the
CHO cells expressing the PI-linked LFA-3 (lanes 9, 10,
'11). In contrast, only polyclonal antiserum 202
precipitated the LFA~3 surface protein from M57/CHO
_ cells expressing the deletion mutant M57 LFA-3 gene
25 (lane 4).

EXAMPLES 7 and 8

The l1l0-amino acid region removed in the M57
deletion mutant (see Figure 1) is adjacent to but does
not contain a N-linked glycosylation site. To

30 investigate whether the region of the M57 deletion is
involved directly in CD2-binding or indirectly disrupts
CD2-binding by causing a conformational change in the
CD2-binding domain of LFA-3, two additional experiments
were performed.



- 33 - adm ni stered separately but sequentially. Al ternatively, the
pol ypéptides of this invention and the other active agent nay be in the
formof a single conj ugat ed nol ecul e. Conjugation of the two conponents
5 may be achi eved by standard cross-I|inking techniques wel | known in the
art. A single nolecule may al so take the formof a reconbinant fusion

pr ot ein. : The pharnmaceutical conpositions and conbi nati ons
of this invention may be administered to a 147 patient in any
pharmaceutically acceptabl e dosage form i-ncluding, but not limted to,
t hose whi ch may be adm ni stered to a patient_intravenously as a bol us
or by continued i nfusi ofirshi rthueeularge deletienwutianis were

i ntracutaneously, ghpbfaeéd} | 64¢R' b¥ wRich! YabkedSa 8BARNbE' 8b! ¥mino
Met hods for determ ping ggarnaceutlcall effective osages are known to

those skilled in #gkds™e P?r?ﬂetﬂogﬁﬁexéﬁavﬁOEEA?atE° FPRLGepent®on a
variety of factegionsClebétédcapgeshébwn bypmnderlininghénobigatre?@ of

D et 99, ED o PRt RE YL, ' AR waod| “HEL"GRYRR B
this experiment was to determine whether the
conformational changes inherent in the large M101 and
M102 deletions would alter recognition of the M57
region (see Figure 1) and to demonstrate that the

10 entire CD2 binding domain was encompassed in the M100
region. - '
Second, a synthetic oligopeptide, LFO08,
having the amino acid sequence (SEQ ID NO:7) Lys Asn
Arg Val Tyr Leu Asp Thr Val Ser Gly Ser Leu Thr Ile Tyr

15 (amino acids +50-+65 of mature LFA-3 (see Figure 1))
was isolated and fixed to a solid substrate, then used
in a Jurkat cell rosetting assay to determine if
CD2-expressing cells would recognize the isolated M57
region of LFA-3 (see Figure 1).

20 Preparation of lLarge Deletion Mutagtg

Figure 6 depicts the amino acid sequence and
nucleotide sequence of transmembrane LFA-3 and shows
with underlining the three regions, designated M100,
M101 and M102, which were deleted from LFA-3 cDNA to

25 yield genes capable of directing the expression of
three large deletion mutants.

Following the procedure used in Example 1, a
‘30-base antisense oligonucleotide was synthesized which
consisted of sequences complementary to the 15 bases of

30 the sense strand upstream of (5' to) and to the 15
bases downstream of (3' to) the desired deletion
region. The synthetic oligonucleotides used to
generate the large deletion mutations are shown below:



This invention also relates to the . bioanalytic use of CD2-binding
pol ypépti des and fusion 25 proteins, or conpositions containing them for

determ ning the concentration of CD2 proteins or the detection of
CD2- expressing cells in a biol ogical sanpl e. These pol ypepti des and
conpositions may be used in a manner simlar to that of reagents
enployed 30 in conventional assays. In addigion, the polypeptides of
this invention may be utilized in diagnostic kits desi gned to detect
t he presence and neasure the - concentration of CD2 or CD2-expressing
cells. The exanples illustrate the invention. 35
- 34 - . esptekentary to Segment
Seguence - LFA-3 Nucleotides Deleted
. SEQ ID NO:30 : .109-123+304-318 M100
SEQ ID ho:31 289-303+484-498 M101
5 ' SEQ ID NO:32 469-483+634-648 M102.

Heteroduplexing was carried out as described in
Example 1, except that 200 ng of LFA-3 cDNA was ﬁsed.
Colony hybridizétions were carried out using 1 x 108
CPM/ml 32p_ATP kinased oligonucleotides at 65°C and

10 washed with 0.5x SSC at 60°C. Positives were screened
by EcoRI digestion and isolation of 2900 bp and 500 bp
fragments on a 0.7% TAE agarose gel.

Construction of expression vectors was
performed by excising the LFA-3 cDNA from deletion

15 mutation plasmids prepared above with NotI. Aliquots
of 50 ug of a eukaryotic expression plasmid PMDR902
(obtained from Biogen, Inc., Cambridge, Massachusetts)
were digested with 50 units of NotI, and the isolated
NotI fragments (0.06 pmol), containinq the deletion

20 mutations M100, M101 and M102, were ligated to 0.02
pmol PMDR902 DNA, and the ligated products were used to
transform E.coli JA221. '

Positive clones were screened by colony
hybridization using oligonucleotides 18, 19 and 20,

25 having the sequences of SEQ ID NO:30, SEQ ID NO:31 and
SEQ ID NO:32, respectively, as probes. The orientation
of the inserts was determined by Pvull restriction
analysis, which generated bands of approximately 6599,
1737 and 500 bp on 20.7% TAE agarose gel for correctly

30 oriented constructs. The sequence was confirmed by DNA
sequencing as described above. The resulting
recombinant expression plasmids containing the M100,
M101 and M102 deletion mutations were designated



5 Preéeparation of Deletion Mitations In the LFA-3 Cene : I n
or-der "'to map the CD2-bi ndi ng domain on the LFA-3 protein, a series of
deletion nutations of the LFA-3 gene were systenatically generated using
site- = .specific nutagenesis by oligonucleotide 10 heteroduplexing. cDNA
encodi ng transnenbrane has been = isolated and sequenced (see, Wallner et
al., United St ates Patent 4,956, 281), -Ang a bacteriophage bearing

cDNA codi ng for transnenbrane LFA-3 was deposited with Anerican Type
Culture Collection in Rockvi I I e, I\/aryl and 15 (accession nunber 75107). A

s P P e i e ot
obt ai ned from Bi ogen, |ng ridge, ssac usetts and use

preparing all th I‘Eﬁﬁwi&lﬂﬁmﬁc’s %}P%'Fr‘bﬂ’%#ﬁd
pHT16-6 is descrifb iCHPCeXs ad e m&ﬂpmtzpremlwlﬂwaﬂelwlvéres

herein I ncor por.at.ed. reference. sim -6 alps a CDNA
I nsert encodi ng %ﬁ% % %’tﬁﬁﬁ?ﬁe"%@%ﬁ%& ané%’é ar the 5 end

of the LFA-3 cGodimefhatpaxaks. a uni que BanHl site adjacent the 5 end
of the LFA-3 25 CcDNA, a unlﬂél d. S Sl M6 nd of the
LFA-3 cDNA, two Notl sites 1?%@%}gr @gcketl n!II }BCH e LFA-3 cDNA,

and a uni que Scaltrzansfeqtantsyere suhm'@e%ftq)mlw%rﬁamhgn@heg
entire coding regasua " ad Wedd@SdE MH aeantYe X | SbSVOVN i Théi SEs81Es 30

each 30 bp | ong, AR CRRIL R F LBTS of- adriTasmo getid, fhtende Rl °ang
‘deletion, a AD b&GEOZ/CHmrﬂ:e]sB]s&':ojummm) pothich (EXpress aeasusfatéesi zed
whi ch consi st ed ‘Bréi&x?%ﬁ(@%?é ylrléa@l"f‘sfs% cnz—blnd:mg region of
LFA-3, showed clumping characteristic of Jurkat/CHO
cell binding. CHO control cells (Figure 7A) and
M100/CHO cells (Figure 7B) showed no such clumping,
.15 indicating the absence of a surface structure on the
' CHO cell surface recognized by Jurkat cells.

Jurkat Bindi to ilize '08 Peptide

1.4 mg of the synthetic peptide LFo08
(SEQ ID NO:7) or control hepatitis B peptide MXC-01

20 (SEQ ID NO:4) at 2 mg/ml in deionized water was coupled
to 100 ul agarose gel beads (Affi-Gel 10, BioRad,
Richmond, California) according to the following
protocol: 100 pl of Affi-Gel 10 slurry was transferred

~ to a small Buchner funnel and the solvent drained. The

25 beads were washed with three bed volumes of cold (4°C)
.deionized water, transferred to 700 ul of the LFO08
solution, and then incubated for 4 hours at 4°C on a
rocker. A spectrum taken of the supernatant, before
and after coupling of LF08, indicated that a coupling

30 efficiency of 80% had been achieved.

' After coupling, unreacted coupling sites were
blocked by incubating the LF08 beads or MXC-01l beads
with ethanolamine/HCl (93 mM, pH 7.9) overnight at 4°C
with gentle shaking. The blocked beads were then



- 35°- I mmedi ately upstreamof (5 to) the proposed del etion and
the conpl enentary 15 bases i nmedi ately downstream of (3" to) the
proposed del etion. Hybridization of a particul ar synthetic
~oligonucleotide to a strand of the 5 LFA-3 DNA resulted in a heterodupl ex
in which a speci fic sequence of 30 bp would loop out. By this

mut agenesi s procedure, sone of the replicgtgan_products of the

het er odupl ex cont ai ned del etion nutations | acki ng the 30 bp region
IFpped ort bydheteroduptex 10 fornmation. — The synthetic

ol i gonucl eot i des t stele \ %@?g@ﬁaﬁ ' t
depicted in Fygg%?‘%dlggfgegg&% ?ﬁttlﬁ}npt%%egf ol'l ow ntﬁtda(lgllri(‘al.{l,1J S A
Conpl enent ary t oNaClsepdefhree times wdkhe FBS supplﬁ!‘%ﬁt?q\lmgbt}r%s
Del et ed FcSEQ | D NO 13 109- 123+154- 168 3

Vb SEQ
ID NO 14  139-153+184-198 Vb ' . .
169- 183+214- 228 V65 Jurkat céals (2 x.105§E e&% N% E%d twice with

5 RPMI, 4 mM L-glutamine, 10% PBS and combined with 2.5
or 15 ul of LFO8/Affi-Gel 10 beads or MXC-O01/Affi-
Gel 10 beads to a final volume of 20 #l. The mixture
was incubated for 30 or 60 minutes at room temperaturé.
After incubation, the cells were transferred to 200 ul
10 RPMI in a 96-well flat bottom plate (Corning), and
' observed under a microscope at 40X and 100X. Figures
- 8A and 8B show characteristic results of contacting the
LF08/Affigel beads with Jurkat cells, resulting in
binding of coated beads to the surface of Jurkat cells.
15 Figure 8C shows characteristic results of the MXC-
01/Affigel beads failing to bind to the surface of
Jurkat cells. '

EXAMPLES 9 and 10

A further deletion mutant was prepared which
20 provided a PI-linked surface polypeptide on CHO cells
having the N-terminal 89 amino acids of native LFA-3.
Referring to Figure 9, the nucleotides deleted from
" cDNA encoding PI-linked LFA-3 are shown by the
underlined region, PIM3. The PIM3 nucleotides were
25 deleted using the same heteroduplex deletion
mutagenesis strategy described above (Example 1). In
this case, a 30-base antisense oligonucleotide
(oligonucleotide 320.03), having the 5'-3' sequence
(SEQ ID NO:8) TAATGGATTG CTAAGAAAGA ACTTCATGGT, was
30 used for deletion mutagenesis.
| Plasmid p24 (100 ng), containing the cDNA
encoding PI-linked LFA-3 was digested with NotI, and
the large restriction fragment (lacking the PI-linked
' LFA-3 coding sequence) was isolated. Additional p24



SEQ'ID NO 16 199-213+244- 258 Mb6 20 SEQ I D NO. 17

229-243+274- 288 Vb7 SEQ I D NO 18 259- 273+304- 318

Mb8 SEQ I D NO 19 289- 303+334- 348 Vb9 SEQ I D

NO 20 319- 333+364- 378 M50 SEQ I D NO 21 349- 363+394- 408
M6l 25 SEQ I D NO 22 379-393+424- 438 M52 SEQ 1D

NO 23 409- 423+454- 468 M53 - 59EQ I D NGO 24 439-453+484-498
M54 SEQ I D NO 25 469- 483+514- 528 M6S SEQ I D

NO 26 499- 513+544- 558 M66 30 SEQ I D NO 27 529-543+574- 588
VO . .

DNA was linearized with Scal. The large NotI _
restriction fragment and the ScalI-linearized DNA were
denatured, mixed with oligonucleotide 320.03, and
allowed to reanneal as described in Example 1. After
5 annealing, the gaps in the heteroduplexes were filled
in, and the fragments ligaﬁed as described in
Example 1.
The filled-in, ligated'heterpduplexes were
then transformed into E.coli JA221 and the
10 transformants screened by colony hybridization using a
32p_1abeled 320.03 oligonucleotide (1 x 106 cpm/ml) at
60°C as described above. The hybridization filters
were washed in 0.5X SSC at 65°C and positive colonies
identified by autoradiography. Plasmid DNA was
15 isolated from each of the positive colonies, and
digested with NotI. Digestion of one of the plasmids,
pPIM3-6, with NotI yielded fragments of 2648 and 640
bp, confirming that pPIM3-6 contained the desired PIM3 |
_ deletion in the PI-linked LFA-3 coding sequence.
20 The 640 bp NotI fragment of pPIM3-6 was
"cloned into the NotI site of the ekpression vector
PMDR902 (a gift of Dr. M.D. Rosa, Biogen, Inc.,
Cambridge, Massachusetts), and used to transform E.coli 1
JA221 cells. Transformants were screened by colony |
25 hybridization using the 3?p-labeled 320.03 '
oligonucleotide as probe. Plasmids from positive
colonies were then isolated, and the orientation of the
DNA insert determined by restriction enzyme analysis
using PvuIl. Recombinant plasmid pPMDRM3-10 contained
30 Pwvull fragments of 6399, 1634 and 495 bp, indicating
that this plasmid contained the mutated PI-linked LFA-3
gene in the proper orientation for expression in the
PMDR902 vector. | '



- 36 - SEQ I D NO 28 559-573+604- 618 MOl SEQ ID

Ne 29° 589-603+634- 648 MB2. For each het er odupl ex,
one sanple of plasmd pHT16-6 (100 [err]g) was digested with Hi ndll
(210 units, 5 New Engl and Bi ol abs) and either EgoRl (300 units, New
Engl and Bi ol abs) or BamH (300 units, New Engl and Bi ol abs). Anot her
sanpl e of pHT16-6 (100 [err]g) was Iinear%%ed by digestion with Scal
(300 units, New Engl and Bi ol abs). Digesti products were 10

electrophoresed on 1 percent (m/v) agarose gels in TAE buffer (40 nM
Tris/acetate, 1 . sLLed fragnment from each
di gesti on was th-’”‘ thaniatis et al.

Mol | d AL .
I the case of the Sea a%ﬁ@w-#ﬁ% éfgneaéP hlelt e b AR
el ectroel uted froeelhe and; amnlifiedhvithsa5oandh§°FmﬂdmethE§§RKa&ﬁ as
H ndl | 1/ Barti Qéﬂf%éﬁnéb%epméﬁilﬁs H?Sm ?ﬂ.ﬂ&ésof:oh‘&ﬁlhg.ﬁb“ ction

fragmants produc I n_each case was el ectroely

of the Scal |iPeafPREYupntIgrewtiawere PEBBYﬁg)bﬁagaﬁﬁxgﬁlﬂﬂtNagssgﬁﬁgg of

the isol ated khdd?AB/EﬁOﬁﬁseflhhﬂdhhbﬁaaanhéePIKBCaeQét&b&Qm&ﬁant
(100 ng) and mﬁth

oligonucleotides gnﬁtﬁpﬂo?ﬁﬁggﬁg%92332§eg§ﬂﬁ i#ﬁﬁ Fﬁﬁﬁtls t al.,

‘supra). ReferringIna 25.2Feghibitedsepitopks Envalvedswnthtcwﬂlﬁﬁﬁri:s
| ocat ed I n thgokggeﬁegggﬂatggﬁ.HindIII/EcoRI | arge restriction

10 To determine whether the protein recognized
by TS2/9 and 7A6 on PIM3.25.2 cells was PI-linked, the
protein expressed on the surface of PIM3.25.2 cells was
tested for its susceptibility to release by treatment
with phosphatidylinositol-specific phospholipase C (PI-

15 PILC, obtained from Biogen, Inc.). Cells of PIM3.25.2

'~ were grown to 70 percent confluency in two 100 mm

culture plates and removed with PBS supplemented with
EDTA (5 mM) as described above. One-third of these
cells was treated with PI-PLC (1 ul; Biogen, Inc.) at

20 37°C for 45 minutes in 100 xl of alpha™ MEM '
supplemented with 10% FCS, L-glutamine (2 mM), pen-
strep mix (1X), and 25 nM methotrexate. The cells were
then centrifuged for 15 seconds in an Eppendorf
microcentrifuge and washed two times in FACS buffer

25 (PBS, 0.5% BSA, 0.1% sodium azide, pH 7.2). The washed
cells were then resuspended in FACS buffer containing
FITC-labeled goat anti-mouse IgG (1:50 dilution from
serum). The cells were then washed twice with FACS
buffer, resuspended in 300 zl of PBS and transferred to

30 Falcon 2052 tubes for FACS analysis.

Referring to Figure 10, cells of PIM3.25.2
clearly express a protein on their cell surface that is
recognized by TS2/9 (Figure 10A, dashed line) and is
also susceptible to release from the cell surface by

35 PI-PLC treatment (Figure 10A, dotted line). Since the




fragnment could not be used to generate del etions of regi ons Mb3, Mb4,
Mb5 and Mb6. Thus, the Hindll1/BanH 30 large restriction fragnment was

used in the procedure to generate these four del etions.

In order to form heterodupl exes, a synthetic ol i gonucl eot i de,

Scal -linearized pHT16-6, and either Hindl 11/ EcoRl or Hi ndlll/BanH

| arge fragnment of - - 37 -

pHT16-6 were mixed in 100 nmv NaC , 80 nw1ﬁgép[€rr], 6.5 MV Tris/d, pH
7.6 and F0|Ied -for 3 mnutes to denature. The denatured DNA was al | owed
to anneal at 37C ur g% f ¢ igal ly at
Oferr]C for PIM3 aﬁg}éyﬁ exprddied fﬂqﬂ'llgaﬁﬁégﬁxﬂﬁyr' §§;3?|n Y
het er odupl exes W\posa‘esld&ml nm%@nﬂt@mﬁagﬂmilﬁq‘ght%

reaction mxtur e ppciidicip freahe ﬁhgaq@,@%mﬂ%ﬂ he q;aspvummea
constituents to |ve e | |cate fi_nal ntratj ons anou ts ATP
(20 m\): dATP, Fth%éﬁbanﬂenb regign,f |‘%¥?ﬁ

}‘Iragrrent 28];) DigA Enéwrmdule cﬁmﬂams Wmmtloxﬁblmg;xréﬁem
gase ( umtsecessar};J or CD2/LFA-3 complex formation.
To increase expression of the PIM3 mutant
LFA-3 protein, the PIM3.25.2 clone was amplified in
alpha” MEM supplemented with 10% FCS in 50, 100 and 200
10 nM of methotrexate. Cells were plated in 96-well
microtiter plates at a concentration of 20 cells/mil,
grown to confluency (12-17 days) and expanded to 100 mm
plates for subsequent FACS analysis as described. for
PIM3.25.2, except that expression of the PIM3 mutant
15 form of LFA-3 was monitored using the 7A6 MAb (Figure
10B, dashed line). The results of the FACS analysis
indicated that the amplified cell line,
PIM3.25.2.100.12, expressed approximately ten-fold
higher amounts of the PIM3 mutant form of PI-linked
20 LFA-3. Treatment of the PIM3.25.2.100.12 cells with
PI-PLC released about 80% of the PIM3 mutant LFA-3
(Figure 10B, dotted line).

EXAMPLE 11
Construction of plasmid pSAB144
25 _ pSAB144 contains the human IgGl constant
region sequences exéluding the C.1 region and the first
- cysteine of the amino terminal portion of the hinge
region. The human IgGl heavy chain constant region was
isolated from a partial Sau3A human fibroblast genomic
30 library (EMBL/5X, a gift of Dr. Mark Pasek). The
library DNA was cleaved with HindIII and PvuIl. DNA
fragments corresponding to approximately 3 kb were

ligated to the vector fragment of pSP65 (Promega,
Madison, Wisconsin) generated by cleavage of pSP65



Blolabs) The m xtures were then |ncubated overni ght 15 at 15[err] C

After incubation, half of each fill- in/ligation mx was used to
transform 100 [err]T of E. coli JA221 (Maniatis et al., supra). Colonies
of transforned cells were selected on LB plates 20 supplenented with
anpicillin (50 [err]g/m) (Maniatis et al., supra).

Col oni es of transformants were screened fQ g4 J4he presence of a particular
del eti on by col ony hybri di zati on using the parti cul ar oligonucl eotide
used 25 in the heteroduplex to generate the deletion as a pr obe.

For use as probesusin d?.I:IZf &3¢ HincIpl i gmw%esm&mf@mid was
Iabel ed usi ng 32P— AT, rg%t and %‘f‘ﬁ es o
ol i gonucl eot i des &% o RABY ¢ at ai%t%l% WRERi ofi s
et al., supra). Immlambcpnnige tiee Igtiechéavy hkehain dmydmstamtaregﬁghyffe_r at
?111 I(![ E?la act! V:-;%I’?Ijl zati ons vverltra@%lglr%/? efsﬂ%{%[]é]mﬁ %Pﬂf%g Eﬁédﬁﬁ';?g
at. 60[err]C fd& dmeany schain sreqdon; RNAwas prepared from COS7 cells
38 - which had been transiently tranfected by the plasmid
VCAM1-IgGl (also known as pSAB133). Construction of
plasmid VCAM1-IgGl is described in PCT patent
application WO 90/13300. The RNA was reverse
10 transcribed to generate cDNA using reverse
transcriptase and random hexamers as the primers.
After 30 min. at 42°C, the reverse transcriptase
reaction was terminated by incubation of the reaction
at 95°C for 5 min. The cDNA was then amplified by PCR
15 (Polymerase Chain Reaction, see, e.g., Sambrook et al.,
Molecular Cloning, Vol. 3, pp. 14.1-14.35 (Cold Spring
Harbor; 1989)) using the following kinased primers:
370-31:
(SEQ ID NO:34): 5'TCGTC GAC AAA ACT CAC ACA TGC C,
20 (SEQ ID NO:35) asp lys thr his thr cys
which contains a Sall site, and
370-32 D NO:36):
5' GTAAATGAGT GCGGCGGCCG CCAA,
which encodes the carboxy terminal lysine of the IgGl
25 heavy chain constant region, followed by a NotI site.

" The PCR amplified cDNA was purified by
agarose gel electrophoresis and glass bead elution for
cloning in plasmid pNNO3. Plasmid pNNO3 was
constructed by removing the synthetic polylinker

30 sequence from the commercially available plasmid pUCS8
(Pharmacia, Piscataway, New Jersey) by restriction
endonuclease digestion and replacing the synthetic
polylinker sequence with the following novel synthetic
sequence (SEQ ID NO:37):

35 GCGGCCGCGG TCCAACCACC AATCTCAAAG CTTGGTACCC GGGAATTCAG



filters in 0.5 x SSC buffer at 60[err]C, autoradi ography was performed
and positive col onies scored (Maniatis et al., supra). The generation of
the desired deletion mut ati ons was confirnmed by DNA sequencée anal ysis
(Maxam 5 and G.bert, in Methods in Enzynol ogy (G ossnman and Mol dave,
eds.), 65, pp. 499-560 (1980)) of plasm d DNA in colonies scoring
positive according to hybridization results. - These
procedures produced plasmds, each 10 contaigg ng one of the 30 bp del et ed
sequences |isted above and depicted in Figure 1. The plasm d containing
the Mb7 deletion in the LFA-3 codi ng sequence was desi gnated plasm d
pLFAﬁb Mb7- 4A. ATCTGCAGCA TGCTCGAGCT CTAGXIATEG 2ATTECADGSAT TCCTOACATC
Reconbi nant Expr Pl asm ds prepared according
to Exanple 1 mntd§5h9@35%§§g¢€??§ deleted 30 bp segnents fromthe LFA-3
codi ng sequence were used fThecpusifiediBERoimplifiedccBNAnfvagment. was
Al'i quots of 100 [ﬂé&ﬁ@ftm%ﬁgﬁh%a%gglgiggv ggﬁ%s%éﬁ Fi gure

1) Mb4, Mb5, Mb6 respectlve wer e edted
wi th Not | éﬁddﬁﬂﬂﬂ@%@%ﬂ{!@@t%ﬂtt%ndhEvFEﬁ %hEYBIGVaﬁslt ageE9§P|9el

Nassachusettz) y KI aﬁésﬁad MiRe 1igafion reaétisnowavensgell tbed in
so'na o steniers K TeOE DR oleRe B0 08 R B tentdd gt
fragnents wer e pus¢teenbdrﬁnr0a7§&§§ﬁidgaontaigﬁhg an ihgerteofroel ution.
apprbximately 700 bp. The identity of the correct
10 insert was confirmed by DNA sequence analysis, and the
plasmid was designated pSAB144.

Construction of Plasmid pS

The plasmid pSAB149 was constructed as
follows. The LFA3-encoding plasmid pHT16-6 was
15 subjected to PCR amplification using oligonucleotides
320-04 and 320-05. Oligonucleotide 320-04 includes a
NotI site and the nucleotides corresponding to amino
acids 1 through 7 of the LFA-3 signal sequence:

(SEQ ID NO:38) 5' GAGGCGGCCG CC ATG GTT GCT GGG AGC GAC
20 GCG,
(SEQ ID NO:39) met val ala gly ser asp
ala. _
Oligonucleotide 320-05 corresponds to the LFA-3 amino
acids 86-92 and includes a Sall site (SEQ ID NO:40):
25 5' AAGTCGACAT AAAGAAAGAA CTTCAT. The amplified DNA
fragment was ligated to the vector fragment of pNNO3,
cleaved by EcoRV.

Construction o SAB132

pJOD-S (Barsoum, J., DNA and Cell Eio;,, 9,
30 pp. 293-300 (1990)) was modified to insert a unique
NotI site downstream from the adenovirus major late
promoter so that NotI fragments could be inserted into
the expression vector. pJOD-S was linearized by NotI
cleavage of the plasmid DNA. The protruding 5' termini



The geél -purified, blunt-ended, Notl fragnments 30 mere'then I ndi vidual |y

cl-oned into the Smal site of the eukaryoti c expression vector pBG368PY
(Dailey et al., J. Virol., 54, pp. 739-49 (1985)) using T4 |igase at
15[err] C overnight. Notl fragnents of M4, M5, M6, and Mb8 were gel
purified as described above and ligated to '

- 39 - Not | - di gest expression vector, 02. The resulting
ligations were used to transformE. coli IR and positive col oni es of
transformants containing the .= reconbi nant plasnids carrying the desired

i nserts were cr dr_ﬁ)gove.
The orientation ‘&S‘% ]I\'Fg-' l21'?é7égaan %%drgertsqu‘u%%% vée{i:}tfor was
confirmed by EcoRiingapized PNAdiragnenty vas mutified Ry rw meiting

fragments for codifgdatiiieiddtose ddEids x&aﬁe sepmié Al on 0.7%

ot Von wae. dasiAToag, SALISH LR e bn . vd o igse VOippdoe LS (e
ZIOI”??; %hfgtﬁlmmrﬁﬁil?}ms tHen tr&i®ormed lilﬂﬁobn_l._q,gﬁ_LSOG bp
supura)g 15 'ﬁ‘221‘ Th 0%%%)/%% é%é’&g%#gﬁo%:\%g% %%% |§(r;1 _
NotI site. The resulting vector was des1gnate pJOD-S
delta Notl. pJOD-8 delta Notl was linearized using
Sall and the 5' termini were dephosphorylated using
10 calf alkaline phosphatase. The linearized DNA fragment
was purified by low melting temperatﬁre agarose gel
electrophoresis and ligeted in the presence of
phosphorylated oligonucleotide ACE17S, which has the
following sequence: (SEQ ID NO:41l) TCGACGCGGC CGCG.
15 The ligation mixture was transformed into E.coli Ja221,
and colonies were screened for the presence of a
plasmid having a NotI site. The desired plasmid was
. named pMDR901l.
' In order to delete the two SV40 enhancer
20 repeats in the SV40 promoter which controls
transcription of the DHFR cDNA, pMDR901 and pJODAe-tPA
(Barsoum, DNA and Cell Biol., 9, pp. 293-300 (1990))
were both cleaved with AatII and g;gIII. The 2578 bp
AatII-Dralll fragment from pMDR901 and the 5424 bp
25 AatII-DralIll fragment from pJODAe-tPA were isolated by
low melting temperature agarose gel electrophoresis and
ligated together. Following transformation into E.coli
JA221, the resulting plasmid, pMDR902, was isolated.
pSAB132 was then formed by eliminating the EcoRI-NotI
30 fragment of pMDR902 containing the adenovirus major
late promoter and replacing it with an 839 bp Eco
NotI fragment from plasmid pCMV-B (Clontech, Palo Alto,
california) containing the human cytomegalovirus
immediate early promoter and enhancer.



DNA ‘ehcodi ng the Ms4, M5, Ms6, and Mb8 LFA-3 del etion mut ati ons were

| i-neari zed with Aatll and el ectroporated I nto Chinese Hanster Ovary
(CHO) cells according to the publ i shed protocol of J. Barsoum (DNA Cel |
Biol., 9, 20 pp. 293-300 (1990)). Plasm ds carrying DNA encodi ng t he
Mb7, M63 and M5 ‘del etion nutations were linearized - using Nul and
electroporated into CHO cell s as above, except that 19 [err]g of the
Nrul - di gest ed DNA was et hanol preC|p|taFQd “overnight at -20[err]C with
1 [err]g of EcoRI- 25 digested SV2 DNA (DHFR[err]) and 380 [err] g of

sonically di sy upt.ed sal non . CHOcells (1 x 10[err]) were

el ectroporated m;#¥iéﬁﬁ¥é§ﬁ§QH§€2§§§£4323WA at 280 volts usi ng a Bi oRad
Gene Pul ser. to 30
two 100 nm plates in al pha[e rﬂﬁiﬁ\’gl\‘)ﬁ%dg%qe‘t%g qgiéﬁtf%s%& iﬁﬁ%sdaﬁ

L- gl ut am ne, pemthel 169% @Wﬁn isaiated. |m%m§%rQMMml‘bh

37[err]C. The celdsy. rf&‘ ﬁ‘ﬂdﬂt‘lﬁfe ‘ﬁ@ Bé;%éijﬂéﬂ?%&é‘t&éiﬂt?eéoo m
pl at es contalnln phalerr] MEM 10% | ut am ne, 35

peni ci | |in/ st BeptT®y qnﬁﬁnﬂﬁﬁff¥£94§4ﬁa 32, vwhich had

- 40 - been cleaved with NotI, and the 5' termini

- dephosphorylated by calf alkaline phosphatase. The
resulting plasmid, pSAB152, contained the DNA sequence
encoding the LFA-3 signal sequence, the amino terminal

10 92 amino acids of mature LFA~3, ten amino acids of the
hinge region of IgGl and the C42 -and C,3 constant
domains of IgGl (see Figure 12). E.coli JA221
transformed with pSAB152 is deposited with American
Type Culture Collection, Rockville, Maryland (accession

15 no. 68720).

onst i of 7=-14

As mentioned in Example 1, plasmid pLFA3MS7-
4A contains a DNA sequence encoding LFA-3 with a
deletion of the 30 bp M57 region (i.e., nucleotides
20 244-273 of SEQ ID NO:9). This coding sequence of
PLFA3M57-4A was subjected to PCR amplification using
oligonucleotide 320-~04 (SEQ ID NO:38) and
oligonucleotide 320-05 (SEQ ID NO:40) in order to
amplify the DNA encoding the signal sequence and the
25 first 82 amino acids of the M57 deletion mutant of
LFA-3. The PCR amplified DNA was purified by low
melting temperature agarose gel electrophoresis.
The purified, PCR amplified DNA was then
ligated into the EcoRV site of plasmid pNNO3. The
30 ligated DNA was transformed into E.coli JA221, and the
resulting transformants screened (by-uggI digestion)
for a plasmid containing an approximately 300 bp
insert. The identity of the desired insert was
confirmed by DNA sequence analysis. The desired



37C. The cells were then fed with alpha[err] Conplete - Mdium

suppl emented wi th 200 nM net hotrexate for M7, M63 and Mb5, and 50 nM
met hotrexat e for .Mb4, M5, Mb6 and Mb8. Each plate was grown to 90%
confluency then 5 assayed by FACS (Fl uorescence-Activated Cell Sorter) to
determ ne whet her any of the CHO cultures transfected with the LFA-3
deletion nutations expressed the mutant - _ fgyg s of LFA-3.

EXAMPLE 3 10 FACS Anal ysis of Transfected Cells Transf ect ed
CHO cells, prepared in Exanple 2 and grown in the presence of

nmet hotrexate to Yhasmid CEotitaiiing 15 GappreihdtéDe 300 bplilgeBESyagdi um
(Ca[err] and Ng[erdﬁ' free p%é)_)ﬂﬂd rem)ved with HANKS 15 (Ca[err] and
My[err] free, Approxi mately 2 x 10[err]

cells were resuspended in 100 [err]l of a solution of cold (O[err]C)
. wash buffer (PBS.cdns B6 bovi ne serum al bum n (BSA) ,
7.2), and a S opri mary ant i body was added. The primary anti body was 20

ei t her antl-LFA-S MAb TS2/ PlasmidpNNM5Z-14 aeas ccleaved withclotInandi d et
al ., Proc. Canc ggﬁi atd - th& 510 Sbp fraﬁengwoﬁtééggf)loﬁbﬁélﬂfﬂ from

Dana Far ber I nst . Boston MasSachusetts { he” ant |
7A6 (obt ai nedtemRARAF R RIFFRSe gohiplegkro §s3s; erT‘]‘ﬁ?nffagEsnBr -

anti-LFA-3 pol yclgmal thiéebé9e3 Wt_gnéwszmmﬂedf psnmm Bseeen
Inc.). Al the prlrrar antlbdleg(? Mﬁ%" €€ ?DQ%’E gsion to
LFA-3. The armunt—'%?i were * 8¢ 1o Clomt i1 e plcc'%?‘ F0EBR 1 and
2 [err]l. Celpmmmtasemweatpng ((see ggprahut e@henlilgatlhexi 30
twice wth Waft;' bdﬁi‘fﬁre was used to transform E.coli JA221, and
transformant colonies were screened by hybr:.dlzatz.on

using a q-32P-ATP labeled oligonucleotide having the
sequence of SEQ ID NO:17. The desired orientation of
the inserts in pSAB132 was confirmed by the

15 identification of a 6913 and a 2029 bp fragment upon
digestion with PvuIl. The resulting plasmid was
designated pM57Ig-5. DNA sequence analysis confirmed
that pM57Ig-5 contains a DNA sequence encoding the LFA-
3 signal sequence, the first 82 amino acids of the M57

20 deletion mutant of LFA-3, ten amino acids of the hinge
region of human IgGl and the C,2 and C.3 constant
domains of IgGl.

E E 12

Production of LFA3TIP From

25 Transie Transfected COS7 Cells

To produce the LFA-3-Ig fusion protein,

LFA3TIP (also referred to as LFA-3(92)IgG), plasmid
PSAB152 DNA was transfected into COS7 cells by
electroporation as follows. Four aliquots of 200 ug

30 each of pSA8152 DNA each were ethanol precipitated with
350 ug of sonicated salmon sperm DNA. DNA was pelleted
and resuspended in 0.8 ml of 1 x HEBS (20 mM Hepes/pH
7.05, 137 mM NaCl, 5 mM KC1,.0.7 mM Na2HP04, 6 mM



A flubrescein-I|abel ed secondary anti body was t hen added and the m xture

i ncubated for 30 mnutes at O[err]C. For analysis with the nonocl onal
anti bodi es, the - 41 -

secondary anti body was fl uorescein (DTAF)-conjugated affinity purified
goat anti-nouse F(ab)[err] 1gG (HtL) (Jackson | mrunor esear ch
Laboratories, Inc., Wst G ove, CA); for use with the polyclonal rabbit
anti serum 202, 5 the secondary anti body wes 59 gorescei n i sot hi ocyanat e
(FITC) goat ant-i-rabbit 1gG (H+L) (Fi sher Biotech, Pi ttsburgh

Pennsyl vani a) . After incubation wi-th the secondary anti body,
cel I's were over | A8KFERES) 3098 (9elkscEromdh &apnifuent T130 %g%ﬂ‘%uf fer,

resuspended in 30G heryd? cb11diEReRw removey ikl tdsai5Hh L ubes

to be read on the cel l sorter. Referrin o Fi re 2, the
FACS anal yses MEM); (GReP 1 1Bl tharsbungy, Maxyland) « LY pé%'%%* ovyine
vectors contai ni riﬂndﬁ:l etd qiM mﬁm%kéﬁs@wm Zfach f£Iask Xpere V65

V5 CF qurcs & ;gﬁrgs@&ée% LU SEndfoAlithy 15 A cdBidd’ BT FSréfyflfe 2
tubes and pelleted at 1000 rpm for 4 minutes at room
temperature in an IEC centrifuge. Medium was
aspirated, and cells resuspended in the DNA-HEBS
solution and transferred to a Bio-Rad (Richmond,

10 California) electroporation cuvette. The cuvettes were
set in a Bio-Rad Gene Pulser and pulsed at 280 volts
and 960 pFd capacitance. Cells were resuspended in
10 ml of DMEM medium and pelleted in an IEC centrifuge
as described above. All cells were seeded into a 2

15 liter cell factory in DMEM medium, and culture medium
was harvested after 72 hours for purification of
LFA3TIP protein.

The concentration of secreted LFA3TIP in
transfected COS7 culture medium was determined by

20 ELISA. Fisher 96 flat bottom well plates (Corning
2580) were coated with 50 ul of goat anti-human IgG
(H+L) (Jackson Immunc Research, West Grove,
Pennsylvania, Catalogue No. 109-005-088) diluted at
5ug/ml in 1X PBS. These plates were incubated at 4°C

25 overnight. Plates were washed the next day 6 times
with dH,0 and blocked with 150 ul/well of block buffer
(2% normal goat serum in 1X PBS). Buffer was removed
after a 2 hour incubation at room temperature and
conditioned medium was added at various dilutions. Aas

30 a control to create a standard curve, a series of
dilutions of whole human IgG (Jackson Immuno Research,
West Grove, Pennsylvania, Catalogue No. 099-000-603)
was included on the same pl&te. After a one hour
incubation at room temperature, plates were washed 4

35 times with 0.01% Tween 20 in 1X PBS, and 50 pl/well of



Mb6 (Figures 2K and 2L), and Mb8 (Figures 2M and 2N) expressed a
surface protein that was recogni zed by the 20 anti-LFA-3 polyclona

anti serum 202 (Figures 2A, 2C, 2E, 2G 21, 2K, 2M. However, the
anti - LFA-3 MAbs TS2/9 and 7A6 bound only to transfectants carrying the
M55 and M63 del etion nutants and not to transfectants | acki ng the M7,
Mb4, Mb5, M6, or Mb8 regions (conpare 25__ﬁ#gqles 2B, 2H, 2J, 2L, 2N with
2D, 2F). These results i ndicated that t Mb4, M5, Mb6, Mb7 and Mb8
segnents, which were deleted fromthe LFA-3 protein in,

e ! Ve " L 00 gl 05 104 L P iloppnailelS? (200
- 42 - conjugated anti-humgxpmg@necifig ufeut Feefragneatng Assay
CHO cel | s transf egigskybn MitendPRes@ALER OWest NBEGYE PPénhBYi¢taRiage! | S),
CHO cells transtegl€0) Seid RoP' £58L65828055 Shas 60408 €5 eden werd. P o™
5 After one hour, plates were washed 6 times with 0.1%
Tween 20. '
Plates were developed with a solution
containing a 1:10 dilution of 10 mM ca®*, Mg?* in 10%
diethanolamine, pH 9.6, plus 5 mg/ml 4-
10 nitrophenylphosphate (Boehringer Mannheim Biochemicals,
Indianapolis, Indiana, catalogue no. 738-352).' The
reaction was stopped using 3N NaOH and plates read at

405 nM on a Microdevices microplate reader.

Production Of LFA3TIP From
15 A Stably Transformed CHO Cell Line

A recombinant LFA3TIP expression vector was
constructed as described below, which can be stably
maintained in CHO cells to achieve continuous
expression of LFA3TIP.

20 A NotI fragment containing the LFA3TIP coding
sequence of pSABl152 was purified by low melting
temperature agarose gel electrophoresis. The fragment
was ligated into the NotI cloning site of the
expression plasmid pMDR902 (see Example 11). The

25 resulting ligations were used to transform E.coli

' JA221, and colonies containing the desired, correctly
oriented, insert were identified by the presence of
6599, 2058, and 487 bp fragments upon digestion with
PvuII. The identity of the correct insert in pMDR902

30 was confirmed by DNA sequence analysis. The resulting
recombinant expression plasmid was designated
pMDR(92) Ig-3. ' _

The recombinant expression plasmid
PMDR(92)Ig-3 was electroporated into CHO cells

35 according to the published bfotocol of J. Barsoum (DNA



application WO 90/02181) expressing PlI-linked LFA-3 (" P24/ CHO' cells,
pesitive control), and normal CHO cells (negative control) were tested
far the ability to bi nd Jurkat cells expressing CD2. 10

Mb7/ CHO cel |l s, P24/ CHO cells and CHO cel |l s (1 x 10[err]) were added to
separate wells of a 6-well pl ate (Corning) and washed twice with RPM
Conpl et e Medi um Jurkat cells (CD2[err]), obtained as a gift from

Dr. Tinothy Springer (Dana Farber Cancer #nél. = Boston, 15 Massachusetts)
were washed three times with a solution of RPM, 10% FCS, 4 nM
L-glutam ne, and then 5 x 10[err] cells were added to each well and

i ncubated for 4 geldsBiol.at 0CPPGeR9S-A00 (L0 MasMiFhydhe Falhpeing nes
with RPM a“éh%qqaéﬂedswgi Je QatiTa-eNgeRted pidknan DM ardd)

Whor eas posi i ve 350 Sl SoRicRtste AEER Fpem DA cipre-Aeed) i R cay
ce_: : S eéPr essi g%e@@%ﬁ?%ﬁa&iw ,pxicﬂiyﬁ‘.l@ caln addiitith, cells lwewk Jurkat
gi) | s ( |gure5 )s’el%.scteld irxlioglrp%naé ect eg%&é gnlélé%& err!hegﬂeg){t%%éﬁﬁ?ﬁ O][e
”RNf\ frgmbl\/57/ G'ﬁoz?ﬁ? M l;x}e*t':[ho~l:r:exaf't:e (Ed'm()rrRNf\_ of M67/CHO cells was
of the monecl onal ant i bodi 48 detetmife Spdglidd eI A 1Y sctreted 11 |1C
M67/ CHO cel | s waL.FABTIR) tdimnes wane dxargforredittmta |£kad rhptten \$¢
CD2- bi ndi ng regi W11 microtiter plate, grown to confluency and assayed
10 by ELISA (see infra). One clone grown in the presence
of 25 nM MTX, LFA3TIP.25.11, expressed 5-10 ug of
LFA3TIP per ml of culture medium. This clone was
expanded and amplified further. Amplification was
carried out by seeding 1 cell per well in a 96 well
15 plate with complete medium supplemented ‘'with 50 or 100
nM MTX. Clones were grown to confluency and assayed by
ELISA. Two clones, LFA3TIP.25.11.50.10A and
LFA3TIP.25.11.50.SB, secreted higher levels (i.e., 50~
60 ug of LFA3TIP per ml of culture medium) of LFA3TIP
20 and were expanded for further study and purification.
The concentration of secreted LFA3TIP in
medium of cultures of CHO cells carrying pMDR(92)Ig-3
(i.e., conditioned medium) was determined by ELISA.
Wells of Immulon 2 plates (Dynatech,
25 Chantilly, Virginia) were each coated with anti-LFA3
MAb TS2/9 (gift of Dr. Timothy Springer) with 50 ul of
anti-LFA3 TS2/9 MAb diluted to 25 ug/ml in 0.05 M
sodium carbonate/bicarbonate buffer, pH 9.6, covered
with Parafilm, and incubated overnight at room
30 temperature. The next day, plates were washed 6 times
with deionized water and blocked with 150 pl/well of a
block buffer (5% fetal calf serum in 1X PBS), which had’
been filtered through a 2 micron filter. The buffer
was removed after a 2 hour incubation at room
35 temperature, and conditioned  medium was added at



- 43 - rather than to inefficient expression of the nutant LFA-3
gene. * RNA from about 1 x 10[err] M7/ CHO cells on a 100 nmm
plate was isolated as follows: Gowh nedia were 5 renoved and 2 m
extraction buffer (50 MM Tris-d (pH 7.5), 1% SDS, 5 nM EDTA, proteinase
K added to 100 [err]g/mM imediately prior to use) was added. The plate
was i ncubated 20 mnutes at- 37[err]C with gentl e shaki ng. A vi scous cel

| ysat e devel oped and was collected in a 16 620-nm test tube. An equal

vol une of phenol : chl or of orm et her (50:50: 1) was added and the m xture

vortexed briefly. 'The m xture was honogeni zed on a Polytron m xer
(Ki nematica, Sw Vaxdonsddilgtions. A& ameerad Jipgr P tEandard ( he

DNA.  The m xt ur e cli-wfS P Bérded BHO A1t i8nsCORLEARE U FE P fwaPL) at
10,000 rpm 10 m nutes at

4l err . After. centrifuging,, the |
aqueous phase wa¥as 215§ | %é"di d I%l%yath‘@hfﬁﬁa*’gi‘?%\wby 1
vol ume of isopromest .coltentratied RS Etarstamh chnt®ined c80 fil 4O an

TOLES GeT S A S intpg TOUPSELBRIR I BY, |
wat er and vort ex®@loak dbufiferr didluged din \¥% PBS constituted the negative
control. The samples and controls were incubated at
room temperature for one hour.
The plates were then washed 6 times with
10 deionized water. Each well was then filled with 50 pl
of a 1:5000 dilution of rabbit polyclonal anti-LFA-3
antiserum (e.g., antiserum 202, supra) in 5% fetal calf
serum in 1X PBS. After one hour at room temperature,
the polyclonal anti-LFA-3 antiserum was removed and the
15 wells were washed 4 times with a solution of 0.05%
Tween-20 in 1X PBS. Each well was then filled with
50 ul of HRP-goat anti-rabbit IgG(H+L) (Jackson Immuno
" Research Laboratories, Inc., West Grove, Pennsylvania;
Catalogue No. 111-035-045) at a 1:10,000 dilution in
20 the block buffer containing 2% whole mouse serum
(Cappel, Catalogue No. 5011-1380). The plates were
then incubated at room temperature for 50-60 minutes.
The HRP-goat anti-rabbit IgG(H+L) solution
was removed, and the wells were washed 6 times with
25 0.05% Tween-20 in 1X PBS. Then, 50 ul of HRP-substrate
buffer was added to each well at room temperature.

HRP-substrate buffer was prepared as follows: 0.5 ml
of 42 mM 3,3',5,5'-tetramethylbenzidine (TMB), (ICN
Immunobiologicals, Lisle, South Carolina, Catalogue
30 No. 980501) in DMSO (Aldrich) was slowly added to 50 ml
of substrate buffer (0.1 M sodium acetate/citric acid,
PH 4.9); followed by addition of 7.3 pl of 30% hydrogen
peroxide (Sigma, Catalogue No. H-1009).
The development of a blue color in each well
35 was monitored at 650 nm on a microtiter plate reader.



added” (to 2.8 M and the suspension allowed to stand at 25 | east four hours

at 4[err]C. 5S RNA and DNA remai ned in sol ution; other RNA fractions
precipitated. This solution was centrifuged for at |east 15 m nutes at
10,000 rpmat 4[err]C. The pell et was resuspended in 360
[err]]l 30 distilled water and transferred to an Eppendorf tube. 40 -
[err]] 3 M NaAc (pH 5.2) and 1 m et hanol -wgBe=added, then the m xture
was cooled at -70[err]C for 5 m nutes, cooled at -20[err]C for 15

m nutes, centrifuged, rinsed wi th ethanol, and resuspended in 400

[err]] 0.3 M NaAafter F=lonminiites,) thes desredopment! aspstxpped by rthes

- - d i
esuspended 100 RERLTEOR: SF PO tbted N sulfufd¥ wosd "l esyiting o
ver e el ect r ophor ¥eddowncelew Wasagaﬁds@tf é58anzciopd @ @éJchﬁJd?m @laketo a

CeneScreen 5 nit -aaglekyl Ofen {32 coNeWoINWednd WilsC hittld t'%1ank the
hybridi zed to _a [err],P-1abel ed probe. As a control, RNA extracted from
the cell |ineSv1B28P&RG«(expressing reconbi nant sol ubl e LFA-3, obtained
from Bi ogen, Inc., ' '

duction of M57IqG

A fusion protein consisting of LFA3TIP
lacking the ten amino acid M57 region of LFA-3 (M57IgG)
was produced substantially as described above for

10 LFA3TIP.

EXAMPLE 13
Purification FA3TIP

The COS7 (pSAB152) conditioned culture medium
was concentrated 10-fold using an AMICON S1Y30 spiral
15 cartridge system (AMICON, Danvers, Massachusetts). The
concentrate was divided into 4 x 50 ml eliquots and
batch-adsorbed with 200 ul per aliquot of Protein-A
Sepharose 4B (SIGMA, St. Louis, Missouri) overnight at
4°C. The beads were pelleted at 1000 rpm in a clinical
20 centrifuge, combined, and then packed into a 5 mm
diameter column. The resin was washed with 20 ml of
PBS supplemented with 500 mM NaCl followed by 20 ml of
PBS. The bound proteins were eluted in 150 ul
fractions with 50 mM glycine, 250 mM NaCl (pH 3.0) into
25 tubes contalnlng 15 ul of 1 M HEPES, pH 7.8. 10 ul of
each fraction was run on 12% nonreducing SDS-PAGE gels.
The fractions containing the eluted protein were pooled
and subjected to Superose-12 gel filtration
chromatography developed in PBS (Pharmacia/LKB,
30 Piscataway, New Jersey).
Aliquots of 10 ul of the peak protein
"fractions (determined by measuring the 0.D. at 280 nm)
were run on 12% SDS-PAGE gels under nonreducing



Canbri dge, Massachusetts) was analyzed on the same 10 Northern blot. The

Nort hern bl ot analysis (Figure 4) i ndi cated efficient synthesis of the
Mb7 RNA in the Mb7/ CHO cel | s. EXAMPLE 6

| munopreci pitation of LFA-3 Deletion Miutant 15 To verify the

| oss of specific antibody bi ndi ng domai ns in the nutant LFA-3 expressed
on the surface of Mb7/CHO cells, M7/ CHO transfectants,
untransfected CHO cells, and P24/ CHO transfe&4 ant s (whi ch express

Pl -1inked LFA-3) were surface |labeled 20 with [err]l, and each of the three
primary anti body reparations (i.e., polyclonal antlserun1202 VAb

TS2/ 9 and MAbcon@itiens andg the fﬁﬂﬁﬁbﬁ@éc¢gnta%eiE9AL§Aa¢F8rWlth a

detergent disruptigsg 8bnébRtsatisficofEaBhRARIinatin rotelnsAbaat 10[err]
(each) of M7/ CHO,cel |'s rm

[ ] CHQ ded
PBS[err] (i.e., PRRE ermiﬂf&hﬁﬁttgﬁ[ﬁpgfg "8 §r?Té pﬁggkﬁﬁp gi% nh65 H&
EDTA mere mashndlyhise(seepsemgth FBﬁblnndtra$usp2gg§g_nggg;_3ggg&

PBS. Washed ce%l3_§£fﬁg§£de ﬁla§§ B_ ;; 7 grr]

| 58P4, (1979)7
?rgvzogstgtfgghlohhhﬁﬁéﬁﬂ:ﬂxﬂéﬂﬂ;&glppoli?4#£}006601d Speing Harbor
51 0- Researoh, Rockgbdathky| 19588))7 WaPel gobiba anaCebhbantkated def &l i

nitrogen. Just before use were rinse S, and then
[err]lodine (1 mO¥M30 Centrxcon (AMICON, Danvers, Massachusetts). A-

- was detected on Western blots using rabbit anti-LFA-3
10 polyclonal antiserum 202 (see'Example 3, supra) and
goat anti-rabbit IgG, which was labeled with
horseradish peroxidase (Sigma, St. Louis, Missouri).
Blots were developed using the Amersham ECL detection
kit (RPN 2106, Amersham, Arlington Heights, Illinois).
15 The final pool was run on 12% SDS-PAGE gels under
nonreducing conditions to assess the purity. A UV
absorbance spectrum was run to determine the
concentration. All preparations purified with Protein
A were found to contain a single contaminant, which
- 20 most likely is bovine IgG, present in the fetal calf
serum of the culture medium, and which copurifies with
the LFA3TIP. .
The purity of LFA3TIP was determined by
denaturing and nondenaturing SDS-PAGE (Figure 13). The
25 results of the SDS-PAGE anaiysis indicated that
LFA3TIP, purified from the culture medium of COS7 cells
carrying plasmid pSAB152, is present in the cell
culture medium as a dimer of two monomeric LFA-3-Ig
fusion proteins, connected by disulfide bonds.
30 : The fact that LFA3TIP is found in the cell
' culture medium suggests that, as with LFA-3, the signal
peptide sequence operates normally, i.e., the signal
peptide is cleaved'from the amino terminal region of
the LFA-3 domain of LFA3TIP in the process of secfeting
35 LFA3TIP protein across the cell membrane.




- 45 - was added and the tubes incubated on ice for 30 m nut es,

wth swirling every 10 m nutes. After incubation, the

i adi nated cells were added to 10 m al pha MEM 10% FCS, 4 nM

L-glutam ne. 5 The cells were spun down, washed twice with 5 nl of the

- same nedium and then resuspended in 1 m PBS and centrifuged again.

The. washed cells were then |ysed by rgsggpgnsion-in 1 m DOC buffer (20
mM Tris/d, pH 7.3; 50 mM NaCl, 0.5% deoXychol ate (DOC); 0.5% NP40).10
containing 20 [Ferr]l of protease inhibitor PVMSF (Sigma Chemi cal Co.,

St. Louis, Mssouri, 17 mg/m in et hanol ), followed by incubation for

30 m nutes on icg%ﬁ%%%gg?idéfaﬁgzgﬁﬁmghen m crocentrifuged for 10 m nutes
at 4[err] C,. ( upernatants containing the [err]l-1labeled 15

SUBT acte_ nol ecul es r _ermvedl. M_S?:gcbwas pturJJﬁ.%ﬁ Eron Qigridiﬁ:ifdlif@@mnre

i odi nati ons were . precleare contaciing ,wt ers]. ein

A- Sephar ose and H?E’&E&ﬁ’l'é’s&? #%&Yerasf (#esf%lw&imle éJforﬁ%#}gé‘ature.

100 [err]l of |ysdndlars contancichants AerencdbseameEds and ni xed with 300

[err]] of DOC buffer. This m xture was centrifuged and the resulting
cl eared sypernat ant renoved .to a-negm&g&ighéﬁt Primry '
anti body was added to sanpl es of each ) | ear ed super nat ants:

Pol ycl onal anti - lhafes3 admn 13/iiisS 8 PRy R B § at a final concentration

Jurkat cells were transferred into several
Eppendorf tubes at 1 x 10° cells/tube. Cells were
pelleted for 10 seconds in an Eppendorf
10 microcentrifuge, the medium was aspirated off, and
pellets were resuspended in 100 pl of LFA3TIP or anti-
CD2 monoclonal antibody (MAb) TS2/18 (Sanchez-Madrid
et al., Proc. Natl. Acad. Sci. USA, 79, pp. 7489-7493
(1982)), both at 10 ug/ml in FACS buffer (PBS, 0.1%
15 NaNn,, 0.5% BSA pH 7.2). Cells were incubated on ice
for 30 minutes, washed twice with FACS buffer, and
" incubated with 100 ul of the appropriate secondary
" antibody to detect MAbs bound to the Jurkat cells.
FITC conjugated goat anti-mouse IgG (H+L) F(ab')é
20 (Jackson Immunoresearch) was used to detect the anti-
CD2 MAb, TS2/18, and R-Phycoerythrin conjugated AP goat
antifhuman IgG F(ab')2 (Jackson Immunoresearch) was
used to detect LFA3TIP bound to Jurkat cells. The FITC
goat anti-mouse IgG F(ab'), was diluted to a 1:50
25 concentration in FACS buffer, and the R-Phycoerythrin
conjugated AP goat anti-human IgG F(ab')2 was diluted
by 1:20 in FACS buffer. Cells were incubated for 30
minutes on ice, washed 2 times and resuspended in 300
ul of 1 x PBS and fluorescence detected on a cell
30 sorter. '
For competition studies, Jurkat cells were
pelleted.in Eppendorf tﬁbes_as described above and



40 [err]g/ M ; MAbs TS2/9, 7A6 and a control nonocl onal ant i body,
MOPC-21 (1 gGl, not specific to LFA-3) were used at 5 [err]g/m. 100
[err]] DOC and 2 [err]l protease i nhi biter PVSF were added, and the

m xtures incubated 30 on a rocker for 2 hours at roomtenperature 25/ err]C
or overni ght at 4C. . After incubation, 30 [err]l| of.
protein A- Sephar ose (for polyclonal antiserum 202 sanples) or 15
[err]l of anti-nouse | gG agarose (Sigma Chre@bcal Co.) 35 (for MAb sanpl es)
was added to the sanples, followed by '

- 46 - i ncubati on on a rocker for 2 hours at roon1te erat re The

m xtures were th&FASTHR wasyadides at & qancentrakion qf
careful ly renovegary Wisrer deellgrivere GincuBated fﬁ:’r VRS ntimtasicbwl and

(he Pellets S T enaPiP U P ol S BT B Uy .
for analysis by thmlnmsﬁaideﬁe jg'elltm qclt rafpleoriesion &ilyteion | (M FARS
Sl msb;*{]{;e BRI LA SHP B Al addeds Sfufidytes. The
T11,, Tll, or Ti1, (all were gifts of Dr. Ellis
Relnherz, Dana Farber Cancer Institute, Boston,
Massachusetts). Cells were incubated for 30 minutes on
ice, washed twice and resuspended in a 1:20 dilution of

10 R-phycoerythrin conjugated AP goat anti-human IgG
F(ab'), to detect bound LFA3TIP. After a 30 minute
incubation on ice, cells were washed twice and
resuspended in 300 pl of 1 x PBS and analyzed in a cell
sorter. |

15 .' The TS2/18 monoclonal antibodies and the
monoclonal antibodies in ascites fluid T11, are
specific for the LFA-3 binding domain of CD2. Thus,
these antibodies are expected to bind to CD2 molecules
on the surface of Jurkat cells and occupy the same site .

20 at which LFA3TIP binds. Accordingly, when Jurkat cells
were incubated first with an excess of TS2/18 MAb or
T11, ascites 'fluid, few if any domains are expected to
be available for R-Phycocerythrin conjugated LFA3TIP to
mélecules to bind. As shown in Figure 14A,

25 preincubatioh of Jurkat cells with either the TS2/18
MAB or T11, ascites fluid resulted in few cells being
labeled w1th LFA3TIP. A signal nearly identical to
unstained control cells was observed. In contrast, in
the absence of either TS2/18 or '1'111 ascites fluid,

30 LFA3TIP bound to Jurkat cells and labeled a significant
proportion of the cells (Figure 143).

The MAbs present in T1l, and T11, ascites
fluid are specific for CD2, but recognize epitopes
dlstlnct from the epitope of CD2 involved in CDZILEA-3

35 complex formation. As shown in Flgure 14B,



m nute€s, and the supernatant renoved and saved for el ectrophoresis. 15
[err]]" of the supernatant was run on a denat uri ng 10-20% gr adi ent
pol.yacryl am de gel (Daii chi system Enprotech), and autoradi ography
performed to 15 identify imunoprecipitated surface proteins.

Figure 5 is an autoradi ograph of an SDS pol yacryl am de gel show ng
anti body-precipitated LFA-3 surface progeg?s_fron1N67/C}Kz nor mal CHO,
and P24/ CHO cells. This gel reveal ed that TS2/9, 7A6 and the 20

pol ycl onal antiserum 202 precipitated LFA-3 fromthe  CHOcells
expressing the Pl_l] - a ) ,as y
pol ycl onal antiseP%%?gggbhgébgrégigﬁ?gggdég%%sLE&§§ ?&r g%gqgﬁatéFnQ?#ém
M67/ CHO cel | sasgptessifiyithdidenoti preventnLFABTIPF Aromy drinding itane

4) . L : : ?ﬁggg - AP0
acid region_rennvgaeigufﬁgtwg§¥&¥? Eépét?gﬁugﬁfaﬁPorgéénFFi re.lf%?EQH*f
adj acent to but dd4B indiggteShaki HFAINIP; pregegerso e funetdanal 9230

i nvestigate whst hpiniiifigr @emainot.Fake .M67 del etion is i nvol ved directly
in CD2-binding or indirectly disrupts CD2- bi ndi ng by causing a
conformational change in the CIQ_bLg&kﬂﬁzﬂﬁEEhn of LFA-3, two
addi tional experinents wer e perfor .

Mixed Lvmphocyte Reaction

A functional assay for the formation of the
CD2/LFA-3 complex and T-cell activation is the mixed
10 1lymphocyte reaction ("MLR") (see, e.g., Krensky et al.,
J. Immunol., 131(2), pp. 611-616 (1983); Bradley,
"Mixed Lymphocyte Responses", in Selected Methods in

Cellular Immunology (Mishell and Shiigi, eds.),
pp. 162-164 (W.H. Freeman & Co., San Francisco 1980).

15 This assay is based on the activation of T-lymphocytes
in a population of peripheral blcod lymphocytes
("PBLs") when the T-lymphocytes ("responder cells")
recognize alloantigens in nonproliferating allogenic
PBLs ("stimulator cells"). Such activation occurs due

20 to cell to cell adhesion, mediated in part by the
binding of CD2 molecules on the T-lymphocytes to the
LFA-3 molecules on the allogeneic PBLs.

PBLs were purified from 30 ml blood of two
allogeneic human donors over a Ficoll-Paque gradient

25 (Pharmacia, Piscataway, New Jersey, catalog no. 17-
0840-02). Blood was diluted at a 1:2 ratio in RPMI
medium and overlayed on a Ficoll gradient at a 2:1
ratio (30 ml blood:15 ml Ficoll). Cells were
centrifuged through the gradient in a Sorvall RT6000

30 centrifuge at 1600 rpm, 20°C, for 30 minutes. The
interface containing PBLs was collected into 50 ml
polypropylene centrifuge tubes (Corning'25331) and
topped with RPMI medium. The cells were then pelleted
by centrifugation in a Sorvall RT6000 centrifuge at



- 47 - First, three large deletion nutants were .
generated, each of which | acked a span of 59 am no aci ds conpared to the
native LFA-3 nol ecule. The regi ons deleted are shown by underlining in
Figure 6 5 and were designated MO0, MLO1 and MLO2. The object of

this experiment was to determ ne whether the conf ormati onal changes

i nherent in the [arge MIO1 and- MLO2 del etions would alter recognition of

the M7 region (see Figure 1) and to demggstrate that the 10 entire CD2
bi ndi ng domai n .was enconpassed in the MLOO regi on. Second,

a synthetic oligopeptide, LFO8, havi ng the am no acid sequence (SEQ ID
NG 7) Lys Asn 314800 e, LeorAas Winués .SerrHd \ed¥ds Lo the [l e Tyr

15 (am no acids +50Q-+6 of t E

15 am o Aol s e der P et LS Y S e AR depl g and

to determine if as G}’écmdme&sme:.el |BBl® Weake em:sgxsmdéﬁe i@dk&ﬁed N67

regi on of LFA-3 (':[S%& rn?edQ éﬁ,l& epfd%a ge Hohetd p@tw‘{ﬁgts
PPN am‘ﬂn

Figure 6 depicts uence an nuc eot de sequence of
transmenbr ane 5_F/Péh-68tremovhp a cmqenmqm hde t’helQ reelksfrbns, To

d ted MLOO,
esi gnat e aPpr%‘?e - %% JULES) PELs Ol Wnd [ Of tké- GoRER 1O

25 yield genes ¢ ekp ression
were 1rrad1ated at 2000 rads in a Gammacell Irradiator

and brought to a final concentration of 3 x 108
cells/ml. _

10 Antibodies or LFA3TIP samples were added at
the concentrations indicated in Figure 15 to a
polystyrene 96 round bottom well plate (Corning 25850).
The highest concentration used for both the MAbs and
LFA3TIP was 5 pg/ml. All dilutions and incubations

15 were done in RPMI complete medium. Responder cells
(nonirradiated) and irradiated stimulator cells were
added to wells at a 1:1 ratio at a final concentration
of 1.5 x 10° cells per well each and plates were
incubated for five days at 37°C. On the fifth day,

20 cells were pulsed with 1 ucCi [methy1-3H] thymidine (New
England Nuclear, Boston, Massachusetts, NET-027) for
fifteen hours, and harvested on a Tomtech 96 well
harvester. Proliferation of the nonirradiated
population of T-lymphocytes was measured by determining

25 incorporation of the 3H-thymidine into the cells,
indicating uptake of the labeled thymidine during
T-lymphocyte proliferation. Using this MIR assay, a
variety of MAbs and CD2-binding molecules were tested
for their effect on CD2/LFA-3 complex formation and

30 T-cell activation.

' The anti-LFA-3 MAb 1E6 (produced by hybridoma
1E6-2C12, ATCC accession no. HB 10693) is specific for
the CD2-binding domain of LFA-3. As shown in
Figure 15, when 1E6 MAbs were present in the MLR assay,

35 a dose dependent inhibition of T-cell activation was



three T arge del etion nutants. ' Fol  owi ng the procedure used in

Exanple 1, a 30- base anti sense ollgonucleotlde was synt hesi zed whi ch
consi sted of sequences conplenentary to the 15 bases of 30 the sense strand
upstreamof. (5 to) and to the 15 bases downstream of (3" to) the
desired del etion region. The synthetic oligonucl eotides used to
generate the large deletion nutati ons are shown bel ow.

- 48 - Compl&drentary to Segnent

Sequence - LFA- 3 Nucl eoti des Del et ed SEQ I D NO 30

109- 123+304- 318 MLOO SEQ I D NO 31 289- 303+484- 498
MLO1 5 SE®@bserved? This resulitsisceansigtent withothe view that

Het er odupl exi ng “@ﬁscﬁiﬁéeﬂlﬂﬂttﬁé éﬁﬁﬂﬁiﬁ&ﬂnéndomaﬁﬁaaf|EFA’SQXE%EthQat
200 ng of LFA-3 CDNA sed.
/LFA-3 complexes from forming between stimulator and
responder cells, and thereby inhibit activation of
5 T-cells in the responder cell population.

LFA3TIP exhibited a similar dose dependent
inhibition of T-cell activation in the MLR assay (see
Figure 15). To exclude the possibility that the IgG
portion of the 1E6 MAbs or LFA3TIP contributed to the

10 observed inhibition of T-cell activation, non-specific
human IgGl (Pierce, Rockford, IL) was tested in the MLR
assay. As shown in Figure 15, the nonspecific human
IgG did not exhibit the dose dependent inhibition of
T-cell activation seen with LFA3TIP or the 1E6 MAbs.

15 Taken together, these results demonstrate
that the inhibitory activity of LFA3TIP on T-cell

“activation in the MIR assay resides in the LFA-3 domain
and not the IgG domain of the fusion protein.

Inhibitory Activity on T-cell
20 ivati o ole es
In addition to LFA3TIP and 1E6 MAbs, the
following molecules were also tested for inhibitory
activity on T-cell activation in the MLR assay: 7A6
MAb (MAb specific for the CD2-binding domain of LFA-3,
25 produced by hybridoma 7A6-2E5, ATCC accession no. HB
10695), TS2/18 (anti-CD2 MAb, Sanchez-Madrid et al.,
supra), hIgG (nonspecific total human IgGl), PI~LFA3
(multimeric PI-linked LFA-3 formed by intermolecular
hydrophobic interaction at the PI anchor region of each
30 PI-LFA-3 monomer), and a CD4-IgGl fusion protein
(analogous to LFA3TIP, but containing an amino terminal
region consisting of a portion of CD4, see, e.g., PCT
application WO 89/01940).
A comparison of the inhibitory activity of
35 each of these molecules is shown in the bar graph of



‘Col ony hybridi zations were carried out using 1 x 10[err] CPM m

[ err] P- ATP ki nased ol igonucl eotides at 65[err]C and 10 washed with 0.5x
SSC at 60[err]C. Positives were screened - by EcoRI digestion and

i sol ation of 2900 bp and 500 bp fragnents on a 0. 7% TAE agar ose gel
Construction of expression vectors was performed by excising the LFA-3
cDNA fromdeletion 15 nutation plasnds prepared above with-Notl.
Aliquots - of 50 [err]g of a eukaryotic EngeSSion pl asm d PVDRO02 :
(obt ai ned from Bi ogen, Inc. Canbridge, Massachusetts) wer e di gested

wth 50 units of Notl, and th | fra t .,06 pmol ),

contai ni ng the deFiBPER 38- P§§PGH Eﬂé@? k§%§35999%§32?n&3ﬁgupgg ed to

? 02 f png r‘_l\/DRQQZpBHﬁarandohbeotfl g.med-txpr dd.tt?fbriwgr dnupenity, F.‘.dl be. '
ransform E. col i iti n re_s y

col ony hybrldlggtﬁgﬂ 38 §egpe§8338?§0tl§§5%1§°%%§M§Hda28&%§% havi ng

the sequences of BE@PRPakdo8(, PSEQLABINGrER £087 cellEQtrBnsCegted with

respectively, 3s pegees nﬁhef%hant(at 690 no DRA LRGeS Arcddiay determ ned

by Pvull restriction anal ysi s ener at ed bands qQf .approximately
6599, 1737 an&FB3BIR) ToHag0 a‘:"?(F@AE"anPUs& the inpdbdtary 30

oriented construchgtiviky sajyededlVaztdvationt daky ndt Aderived ol 0 as
descri bed above. The res Iti

nb t |
contai ning the ‘MLBEnSP nﬁ&ﬁ&%ﬁ%%@h@%&ﬁmssﬁmﬁ%at ed

cell culture medium. The mock preparation contains the
10 contaminant which, as discussed in Example 13,
copurifies with LFA3TIP and probably is bovine IgG
present in the fetal calf serum of the growth medium.
All MLR assays were carried out as described above,
except that each preparation of molecules was assayed
15 at a concentration of 0.1 ug protein/ml.
MAbs which recognize the CD2-binding domain
of LFA-3 (7A6 and 1E6) or the LFA-3 binding domain of
CD2 (TS2/18) exhibited significant inhibitory activity
on T-cell activation. The ability of LFA3TIP to
20 inhibit T-cell activation increased with purity
(compare LFA3IgG72A, 50% purity, with LFA3IgGA, 75%
- purity). Nonspecific human IgGl and the CD4-IgGl
fusion protein failed to inhibit T-cell activation.
The multimeric form of PI-linked LFA-3 also
25 failed to inhibit T-cell activation. Despite the
plurality of CD2-binding sites in multimeric PI-linked
LFA-3, it appears that this type of multimer neither
inhibits nor enhances the human allogeneic MLR.

EXAMPLE 16
30 B roli tio ssa
Human PBLs were isolated from 20 ml of human
donor blood on a Ficoll-Paque gradient, as described

above. Purified LFA3TIP was added to 96 well
polystyrene round bottom tissue culture plates (Corning



- 49 -_ pPPMDRMLOO- 4, pPNDRNHOl 1 and pPVMDRMLO2-8, respectively. The
resul ting expression plasn1ds wer e el ectroporated into CHO cells as in
Exanpl e 2, except the cells were split into medi um containing 25 nM and
50 nM 5 met hot r exat e. The MLOO/ CHO, MLO1/ CHO and MLO2/ CHO
transfectants were subjected to a Jurkat cell binding assay, as

descri bed in Exanple 4 above. The results are shown in Figure 7.

MLO1/ CHO cel I's (Figure 7C) and 10 MLO2/ CHOc@Rl § (Figure 7D), which express
‘a surface pretein having the intact M7 CD2-binding region of LFA-3

showed cl unpi ng charac eristic of Jur cell bindin CHO coptro

cells (Figure 7A) 2 t) B%PCHG ls‘é"a(‘%_‘o nf’%’)“iﬁﬁﬁ#\gd‘ ?Foi 1.

cl Iulrml ng% 15 indi msn_ gl}jb@}ﬁsemeﬁfthansuaaaaet&t bﬁ@hug&mr} Td?tlﬂ 1;&3:%3' |

cell surface recogni ze rkat_ ce t i t.0, Lomobilize
Vers™ indusafed #5500 Have, pk B padd ="verg;

LFO8 Pepti de
I D NO 7) or contr clarirdedt icuts ik REMI donplete] médiunEQsde ma)pra »Byg/n

(A1 Gol 30, tekgﬁﬁ VR Hhnsen trey o Hae A8 B USHlvetE Tastanas
protocol: 100 [er HI] thyafifliineecfot0 18| huuy:s/vandthawfaauedjon at‘ltmﬂ:eatall
Chr 66 bed ol umes S5 Ved Aimat Wivebtory A HheHS R LT T S0
[err]] of the LFO@rollferation was measured in growth medium alone and
in growth medium supplemented with nonspecific human
10 IgGl. _ ,
As shown in Figure 17, the LFA3TIP
preparation inhibited proliferation of PBLs.
Nonspecific human IgGl did not inhibit PBL
proliferation.
15 We also assayed the major contaminant in the
LFA3TIP preparation from a mock preparation as
described in Example 15. As mentioned in Examples 13
and 15 above, this contaminant is probably bovine IgG
from the growth medium. Figure 17 shows that, as with
20 the nonspecific human IgGl, the contaminant also did
not inhibit proliferation of PBLs.

nd OKT23 Dependent PBL Proli o

We next assessed the ability of LFA3TIP to
inhibit OKT3 dependent (i.e., anti-CD3 dependent)

25 T-cell proliferation. PBLs were isolated as described
above;frém one healthy human donor. For OKT3 dependent
PBL proliferation, aliquots of 1 x 105 donor PBLs were
incubated for 2 days with 3 ng/ml of ORT3 (Ortho
Pharmaceuticals, Raritan, New Jersey) alone, and in the

30 presence of LFA3TIP (1 nM and 10 nM) or purified human
IgGl (Pierce Chemical Co., Rockford, Illinois) (1 nM

~and .10 nM). One aliquot of cells was incubated in
medium alone, without OKT3. The cells were then pulsed



solutfi’on, and then incubated for 4 hours at 4[err]C on a rocker. A
spectrum taken of the supernatant, before and after coupling of LF08

i ndi cated that a coupling 30 efficiency of 80% had been achieved.

After coupling, unreacted coupling sites were bl ocked by incubating the
LFO8 beads or MXC-01 beads w th et hanol am ne/HO (93 nM pH 7.9)
overnight at 4[err]C with gentle shaking. The bl ocked beads were then

- 50 - washed three times with PBS supp?%nEnted mnth 0.5 M Nad and
three tines with PBS supplenented with 10% FCS. Jur kat
cells (2 x 10[err&% wer e she tw ce uta ne 10%

|
PBS and conbi ned WAER ﬁmﬁ 15tP¥P¥%$nﬁfaEF@SFﬁF?Pegg%b?g ©pea
MXC- 01/ Af fi - GebsﬁtheaQSthQsae&paehmuﬁtuEEeOEhaﬂn[ &' Figubee 18. xt ur e

bat ed f 30 t t, Aft
Mhoubation, the cell's vierc TPANRBRLEA 8B F3GUFS: Pl =BGV KPR LFAITIR el
flat botton1pIatewaébsmgngticanﬂly.mouhseffedtunéeatainhahmﬂiqgaQﬂm340X and
100X. Fi '
X. Figur esbea dsgéne?ﬁg? E{ﬁ?oggpﬁ%%%%&@t 'tﬁahe%ﬂkt Stk roAN A 3 dd1e

LFO8/ Af fi gel resu
of irrelevant speciflcity. As with the results in

Figure 17, this indicates that the ability of LFA3TIP
to inhibit PBL proliferation resides primarily in the
92 amino acid LFA~3 region, which contains the CD2
10 binding domain, and not in the IgG portion of LFA3TIP.
We also assessed the ability of LFA3TIP and
various other CD2-binding molecules, as well as, the
ability of MSVIgG,'to inhibit phytohemagglutinin (PHA)
dependent PBL proliferation, at both suboptxmal and

15 optimal concentrations of PHA.

' For this assay, 1 x 10° donor cells (human
PBLs) were incubated with PHA (Fisher) at 0.1 or 1.0
ug/ml, either alone or in the presence of PI-linked
LFA-3 (YPILFA-3", Wallner et al., PCT patent )

20 application WO 90/02181), monomeric soluble LFA-3 ("mon
LFA-3", consisting of amino acids 29-181 of SEQ ID
NO:10), LFA3TIP, M57IgG (see Example 11), a full-
length soluble LFA-3-IgG fusion protein ("FLIgG",
consisting of amino acids 29-181 of SEQ ID NO:10 fused

25 to a portion of the hinge :egion and the C,.2 and C3
domains of human IgGi), an anti-CD2 MAb (TS2/18, gift
of T. Springer), or an anti-LFA-3 MAb (1E6) produced by
hybridoma 1E6-2C12 (ATCC HB 10693). FLIgG was at a
concentration of 2 ug/ml; all the other proteins were

30 at a concentration of 5 ug/ml. The cells were then
pulsed with [methyl—sﬁ] thymidine as described above.
The results are displayed in Figure 19.

Referring to Figure 19, when PHA was
incubated with human PBLs at a suboptimal concentration

35 (i.e., 0.1 ug/ml), only PI-linked LFA~-3 (PILFA~-3) was



bi ndi hg of coated beads to the surface of Jurkat cells. 15 Figure 8C shows

characteristic results of the MXC 01/ Affigel beads failing to bind to
t he surface of Jurkat cells. EXAMPLES 9 and 10
A further deletion nutant was prepared which 20 provided a Pl-1inked
surface pol ypeptide on CHO cells having the N-term nal 89 am no acids
of native LFA-3. Referring to Figure 9, _the nucleotides deleted from
cDNA encoding PI-1linked LFA-3 are shown by Re under | i ned regi on, PI M.

The PIMB nucleotides were 25 deleted using the same heterodupl ex deI etion
nmut agenesi s strateqy }(Sicrl 0 ( ﬁfm '
30- base anti sens@ia‘i l@i&%ge o %@onﬁ‘eo‘% I 'de %527(#%%’) avi ng ? he

5'-3' sequence sol(ttm@ I]’JBANG &)ndl'mm Jas 30

used for deletio LA - AST8rE. PMAK -
contai ning the CW enco T Igel]l rﬁ<r°c}1f£1- Wargi di qest%ﬂk;ﬁ% Not I,

and the | ar gESS/HE |@W%M’~Qﬁ Ry QQTe"Q-‘if LFA- 3’
codi.ng sequenee) MEivixddi7®E. Additional p24

When PHA was present at an optimal level to
stimulate PBL proliferation, LFA3TIP, MAb 1E6 and MAb
TS2/18 inhibited T-cell proliferation by 41%, 26% and
20%, respectively.

10 The results in Figure 19 indicate that the
region of LFA-3 defined by the N-terminal 92 amino
acids, containing the CD2-binding domain of LFA-3, is
capable of inhibiting PHA dependent PBL proliferation,
but that the absence of a portion of the CD2-binding

15 domain, as in M57IgG, or the presence of additional
LFA-3 amino acid sequence, as in PI-linked LFA-3,
monomeric LFA-3 or FLIgG, diminishes the ability of the
CD2-binding domain of LFA-3 to inhibit PHA dependent
PBL proliferation.

20 Taken together, the results indicated that
inhibition of PBL proliferation by LFA3TIP is due to
its LFA-3 domain.

It will be recognized from the foregoing

. description that a wide variety of CD2-binding

25 polypeptides in addition to those specifically
mentioned, as well as fragments and.analogues of such
polypeptides, will be useful additional embodiments of
the present invention. All such embodiments, and other
embodiments that are obvious 1n view of the teachings

30 herein, are specifically contemplated and are included
within the scope of the invention as defined in the
follow;ng claims.



- 51— DNA was linearized with Scal. The | arge Notl restriction

fragnment and the Scal-Iinearized DNA were denatured, m xed with

ol i-rg is@eenRefladdd, and ~allowed to reanneal as described in Exanple
1. Aft , the gaps in the heterodupl exes were filled in, and
the fr d as described in Exanple 1.. The
filled-in, ligate et er odupl exes were th transforned into E coli

JA221 and the 10 transformants screened by colony hybridization using a
[err] P-1abel ed 320.03 oligonucleotide (1 x 10[err] cpm nl) at 60[err] C
as descri bed above. The hybridization fil Wre washed in 0.5X SSC at
65[err] C and positive col onies I denti.fie y aut or adi ography. Plasm d

DNA was 15 isolated from eagipdti derad Hdrvoreind | PIiaridsBearingiBiest ed

with Notl. Digestion of one of the ch;sm S, é)PI -6 V\ntr€ t] %iel-ded

fragnents of 2648 SHERENRPS acqardisigtq rﬁqwgs tHP ’b"F#%-‘%e’E% PRI e

'?‘ﬁSi 2528 EI I\/BNOtI fdﬁiﬁﬁ Cthe rBttdEpééée |Prrdestrly (WD 2wl 'rmpxtsenmfmlﬁ?re f '
e p N r of p 5 . Orﬁﬁf:kﬁ site o

t he expression E‘/e&a%?&tlﬁ/[%)(’a %il ?]?wb]ff%k. ) x&osgﬁsg)o%%n I nc.,

Canbri dge, MassacMaxgh 5, 1881 usdthe dlepositesd Icultures are jidentigied.

Transf ormant s vvereassgf Py colony 25 hybridization using the
[err] P-label ed 320.0 ol 1 gonucl eoti de as probe. Plasm ds from Egsi tive
col onies were then isolated, and the orientation of the D\APegSEIPLion:
determined by restriction enzyme anal ysis usi ng Pvul | . Recof® @%g%d N
pl asni d pPVDRVE 10 cont ag ned 30 Pvull 1;'raﬁment S of 6309, 4§34 gﬁ? Bs,BNA
i ndi cating oSt _stra . ks
- pPYM57 E.coli Ja221 68545 M57 deletion
_ mutant
~ pPMDRM54-6 E.coli Ja221 68542 M54 deletion
15 ' mutant
PPMDRM55-9 E.coli JA221 68546 M55 deletion
C _ _ mutant
pPMDRMS6~C E.coli JA221 68551 M56 deletion
. ' nmutant
20 pPMDRMS8-15  E.coli JA221 68547 M58 deletion
_ | mutant
pPYM63-4 E.coli JA221 68544 M63 deletion
mutant
pPYM65-8 ' E.coli Ja221 . 68552 Mé65 deletion
25 : mutant '
PPMDRM100-4 E.coli Ja221 68550 M100 deletion
o S ' o mutant
PPMDRM101-1 E.coli JA221 - 68543 . M101 deletion
mutant
30 pPMDRM102-8 E.coli JAa221 68548 M102 deletion:
mutant
PPMDRM3-10 E.coli JA221 68549 PIM3 deletion
mutant -

" A host cell harboring a plasmid according to this
35 invention was deposited under the Budapest Treaty with the
ATCC on October 1, 1991 is identified as follows:



t hat -this _plasn d contained the nutated Pl-1inked LFA-3 gene in the
pr-oper orientation for—expression in the PMDRO02 vect or.

- 52 This Sheet Hzvme

il

el ectr
"~ et hot

confluent gro

descri bed above.

lagg of PIMB Del etion Mitant pPMDRMB- 10 was
CHO DHFR cells and anplified with 25 and 50 nM
escri bed above. Cells fromplates containing 5
e assayed by FACS usiqg7¥$bs TS2/ 9 and 7A6 as
0

The PI M3 del eti on mutant orm of LFA-3 expressed in a

cell Tine designated Pl MB. 25. 2 exhi bited epitopes involved with
CD2/ LFA- 3 conpl ex formation. 10 To determ ne whetggr .t on:
protein recogni zed by TS2/9 and 7A6 on PIM. 25.2 cells was flzé %, *

t he protein e
for its suscepti

PIERERS On 11° Rl By P VAddedo S 1R01°° contSIhES
o rel eas ent ~ - W

phosphati dyl i nosiggdggspeci fic phe; iFsey C (Pl -egdP2d’LC, obtpyBesla f bRA
Bi ogen, Inc.).sCells of PIM.25. were grown to 70 percent §@gaéneecEntdding

two 100 nm

10

15

20

25

30

35

LFA-3 signal
sequence, N-
terminal 92 amino
acids of LFA-3,
10 amino acids of
IgGl hinge
region, C_.2 and
CH3 IgGl constant
domains.
A bacteriophage and a bacterial strain

carrying a vector referred to herein were deposited

under the Budapest Treaty with In Vitro International,

Inc., Linthicum, Maryland (USA) on May 28, 1987 and

May 24, 1988, respectively, and assigned accession

numbers IVI-10133 and IVI-10170, respectively. These

deposits were transferred to the ATCC on June 20, 1991.

The deposits are identified as:

Designation Accession No. Description
AHT16[Agtl0/LFA-3] 75107 Contain
DNA encoding
E.coli, BGS 68791 full length
transmembrane
LFA-3

* The following hybridoma cell lines referred
to herein were deposited under the Budapest Treaty with
the ATCC on March 5, 1991:

Hybridoma Accession No. Antibody
7A6-2E5 HB 10695 - 726
1E6-2C12 HB 10693 1E6

While we have hereinbefore described a number
of embodiments of this invention, it is apparent that
our basic embodiments can be altered to provide other
embodiments that utilize the compositions and processes
of this invention. Therefore, it will be appreciated



cul tute plates and renoved with PBS supplenmented with EDTA (5 mM) as
described above. One-third of these cells was treated with PI-PLC (1
[err]]l; Biogen, Inc.) at 20 37[err]C for 45 mnutes in 100 [err]l of

al pha[err] MEM suppl emented with 10% FCS, L-glutamne (2 mM, pen-
strep mx (1X), and 25 nM nethotrexate. The cells were then centrifuged
for 15 seconds in an Eppendorf - m cr ocentpg f-uge and washed two tines in
FACS buffer 25 (PBS, 0.5%BSA, 0.1% sodium azide, pH 7.2). The washed
cells were then resuspended i n FACS buf fer containing FI TC-| abel ed goat
anti-nouse |19G ( kphit diHe/tdctpd renthis siiventidmeimeludeswaklt hen washed

twice with FACS buffer. resuspended in e f
transferred to 3GYSERNAFLR n&fﬁfg’sm Iﬁéq%é*éiiéng wiitth *dfe
Referring to Fi gtaaﬁﬁadmi que)ffdrequg z!speclﬂmiqneaMelgx therotein on
their cell surfac e aghe '
i g@eepx%d%cf El'f%.gé]ir& da oy 1%5% ﬁgﬁﬂﬂéﬁ i8/notagy Qe

line) and is el ease e cell_surface by 35

Pl - PLC treat mént J(imgmcb by AheisReeifie gmbodipents that have been
- 83 - Pl MB g dited tiérénie by 'wap! s etamples Pl M. 25. 2




possesses LFA-3 epitopes recognized by MAb TS2/9, which bl ocks CD2/ LFA-3
conpl ex formation, it was concl uded that the 89 amno acid N-term nal
region of the mature 5 LFA-3 nol ecul e contains the conformational

requi renents necessary for CD2/LFA-3 cerjil ex fornation. To
I ncrease expression of the PI M3 nutant LFA-3 protein, the PI M. 25.2
clone was anplified in al pha[err] MSERUBGBRISAEYR ed with 10% FCS in 50,
100 and 200 10 nMof nethotrexate. Cells were plated in- 96-well

mcrotiter plates_at a ¢ ncer% tion of 20 cells/m, grown to confl uency
(12-17 days) 5+ © dBFY *mm pl ates for subsequent FACS anal ysis
as described for P 2, p hat expression of the PIM3 nutant 15
form of LFA-3 vvas(%rﬁlp?glr%g-runiﬂﬂq 'hieﬁ Q.avgb (Figure 10B, dashed
line). The results of the FACyrpi V§lesm T. | Ndicated that the anplified
cell line, PI MB. 25. 2. 100. Rdsa £¥AESSSEMD approxinately ten-fold

hi gher anmounts of the PIM3 nutant formof PlI-linked 20 LFA-3. Treatnent of
the PI M. 25. 2. 10Qiip 1aelt DFVWINVENTION: RiD2RPBINDING CoNRIN abowtMPROSHTRI t he Pl MB

mut ant LFA-3 ( Fi gur EUNDREON ASSQCIATED ANTIGEN 3

EXAMPLE 11 Construction of plasm d DSAB144 25 pSAB144
contai ns the hungdi) JUMBERAEtIEQUENCES: ridgi on sequences excluding the (Jerr]1
region and the first cysteine of the amno term nal portion of the

hi nge regi on.{iTh&O BFSS:chai n constant region was

isolated froma parti )%ﬁl _ #-SP,ii)i)NﬁbYeast genomic 30 library (EMBL/5X,
agift of Dr. Mark Pa })crn tEt AP$"™SNA was cl eaved with Hindl 1 and
Pvull. DNA :

)

(. New Yor

(D) STATE: New York
(E) COUNIRY: U.S.A.
(F) ZIP: 10022-6250

(v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.25

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
(B) FILING DATE:
(C) CLASSIFICATION:

(vii) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: US 07/667,971
(B) FILING DATE: 12-MAR-1991

(vii) PRIOR APPLICATION DATA:
" (A) APPLICATION NUMBER: US 07/770,967
(B) FILING DATE: 07-0CT-1991

(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: HALEY, James F., Jr.
(B) REGISTRATION NUMBER: 27,794
(C) REFERENCE/DOCKET NUMBER: BLS1CIP2

(ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: (212)715-0600
(B) TELEFAX: (212)715-0673
(C) TELEX: 14-8367

———————————————————,
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fragments corresponding to approxi mately 3 kb were ligated to the

vector fragnment of pSP65 (Pronega, Madi son, W sconsin) generated by
cl eavage of pSP65 - 54 - usi ng
Hindl 1l and Hincll. The resulting pl asmi'd’fas desi gnated pABl1. Plasmd

pABl1 was used,as encodi ng the 1gGl heavy chain constant
regi on. 2% If%iﬁ*l’ﬁﬁ’g %s%% Ete a cDNA copy of the 1gGlL 5 heavy

chain region, NAzeya .cells whi ch had been
transiently tranf eﬁ%ﬁég & CAML- | gG1 (al so known as
Q:Iuﬁﬁ:”& aV

pSAB133). Constructio -1gGlL is described in PCT patent
application WO 90/ 133 sm&ﬁs\yassmgy@rse 10 transcribed to generate
cDNA usi ng reverse (n)raombbm asreatnd random hexaners as the priners.
After 30 min. at 42[err]C, the reverse transcriptase reacti on was

term nated by i (til)aHYROTHETICAhe NOeacti on at 95[err]C for 5 nmn. The cDNA
was then anplified by PCR 15 (Pol ynerase Chain Reaction, see, e.g.,

Sanmbr ook et al ., (iv) ABTIcSENSE: ¥ oning, Vol. 3, pp. 14.1-14.35 (Cold Spring

Har bor; 1989)) usi ng the foll ow nngi. nased _priners:
. (xi

SEQUENCE DESCRIPTION: SEQ ID NO:1:

Asn Arg Val Tyr Leu Asp Thr Val Ser Gly
1 5 10

(2) INFORMATION FOR SEQ ID NO:2:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 50 amino acids
{(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:

Phe Ser Gln Gln Ile Tyr Gly Val Val Tyr Gly Asn Val Thr Phe His
1 5 10 15

Val Pro Ser Asn Val Pro Leu Lys Glu Val Leu Trp Lys Lys Gln Lys
20 : 25 30

Asp Lys Val Ala Glu Leu Glu Asn Ser Glu Phe Arg Ala Phe Ser Ser
: 35 40 45

Phe Lys
50

(2) INFORMATION FOR SEQ ID NO:3:

* (1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 10 amino acids
{B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(iii) HYPOTHETICAL: NO -
' This Sheet Has
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370- 31: (SEQ ID NG 34): 5 TCGIC GAC AAA ACT CAC ACA TGC C, 20
(SEQ I D NO 35) asp lys thr his thr cys whi ch contains a Sall
si te, and 370-32 (SEQ I D NO 36): ' 5" GITAAATGAGT GCGGECGCECCG
CCAA, whi ch encodes the carboxy ternmindP tysine of the I1gGl 25 heavy
chain constant region, followed by a Notl site. The PCR
anplified cDNA was purified by agarose gel electrophoresis and gl ass
bead el ution for (¥ W%ﬁm’i Hopl asm d pNNG3. Plasmi d pNNG3. was

constructed by r Vi LC. I pker 30 sequence fromthe '
comercially ava?gabF%ﬁﬁﬁggﬂﬁ%e%ﬂﬁgbﬁ'gg%éhh&ﬁécia, Pi scat away, New Jersey)
by restriction | £3s i ti ' repl aci ng the synthetic '

pol yl i nker sequen%g?%g?ﬁigﬁggfSrfgaﬁﬁﬁhﬁgvgﬁggiﬁghetic sequence . (SEQ I D

NO 37): 35 GCGECCECGG TCCAACCACC AATCTCAAAG CTTGGTACCC GGGAATTCAG
- 55 - . .

(2) INFORMATION FOR SEQ ID NO:4:
(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 20 amino acids
{(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(iii) HYPOTHETICAL: NO .

(iv) ANTI-SENSE: NO

(x1i) SEQUENCE DESCRIPTION: SEQ ID NO:4:

Thr Lys Pro Asp Leu Val Asp Lys Gly Thr Glu Asp Lys Val Val Asp
1 5 10 . 15

Val Val Arg Asn
20

(2) INFORMATION FOR SEQ ID NO:S:
(i) SEQUENCE CHARACTERISTICS ;

(A) LENGTH: 77 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(1ii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:

Val Ala Gly Ser Asp Ala Gly Arg Ala Leu Gly Val Leu Ser Val Val
1 5 10 15 .

Cys Leu Leu His Cys Phe Gly Phe Ile Ser Cys Phe Ser Glmn Gln Ile
20 25 30

Tyr Gly Val Val Tyr Gly Asn Val Thr Phe His Val Pro Ser Asn Val
35 40 ' 45 .
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ATCTGCAGCA TGCTCGAGCT CTAGATATCG ATTCCATGGA TCCTCACATC CCAATCCGCG GCCCGC.
The purified PCR anplified cDNA fragnent was | igated to pNNG3 whi ch had
been cleaved with EcoRV, 5 dephosphorylated, and purified by | ow nelt

agar ose gel el ectrophoresis. The ligatgen reaction was used to
transform E. coli JA221 and the resulting colonies were screened for a

pl asmi d cont ai ni Ngodled DFLGLuOfal Levi PP WLy MBisetIn LHS Asp. LyEhwal daateéluy of
the correct 10 insersowas confirned By DNA sequence &0al ysis, and the

pl asm d was desi gnated pSABl44. Construction of Plasm d pSAB149

The pl asnm d pSABI4® Gk AswiferrGict Bk Acg Ala Fhel $enSer Bhe L¥SA3- encodi ng

pl asni d pHT16-6 vids 15 subj ected & PCR anplificafPon using

ol i gonucl eot i des 320-04 and 320-05. digonucl eotide 320-04 includes a
Not| site and the nucleotides corresponding to amno acids 1 through 7
of the LFA-3 si.g ; E@EG.IDNQBB) 5" GAGGECGECCG CC ATG GIT
CCT COG AGC R g@m’ﬁ&}w%i sEQ 10 (s (SEQ I'D NQ 39)

net val ala gly s Ny HARA al a. A i gonucl eoti de 320-05
corresponds to th L%% A 381'%1:151'1?& 86-92 and includes a Sall site
(SEQ I D NO 40): 25 &' 1i GAA CTTCAT. The anplified DNA
fragnment was |igated L-mmg@g fdoaprENt of PNNGCS, cl eaved by EcoRV.

Construction of pSABlag TOPOLOGY: linear
(i1ii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:

AATAGGGTTT ATTTAGACAC TGTGTCAGGT 30

(2) INFORMATION FOR SEQ ID NO:7:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 16 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:

Lys Asn Arg Val Tyr Leu Asp Thr Val Ser Gly Ser Leu Thr Ile Tyr
1 10 15

(2) INFORMATION FOR SEQ ID NO:8:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(1ii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO - TTTT———
S o This Sheet Has
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pJOD-S (Barsoum J., DNA and Cell Biol. ,' 9, 30 pp. 293- 300 (1990)) was

nodified to insert a unique Not| site downstream fromthe adenovirus
major |ate promoter so that Notl fragnents could be inserted into

the expression vector. pJOD-S was |inearizegi by Notl cl eavage of the
pl asm d DNA. The protruding 5 termni

- 56 - wer e (Blhr&MdDWMn@Eaemmml ease, and the
“linearized DNA fragment was purified by |ew nelting t enperat ure agarose
gel el ect rophE‘P“!e'%i"g'l"f‘?l'ﬁ'é*\"@‘\li!e‘.‘?A ACTHHHETR was religated using T4 DNA || gaoe
The 5 ligated nol ecules were then transformed into E.coli JA221.

Col oni es were screened for the absence of a Not|l site. The resulting

vect or - was deﬂprﬁ%&%@#&}#twd@ k? 4\lot1 pJOD- 8 delta Notl was

| i nearized usin er'm ni were dephosphoryl at ed usi ngblo
calf alkaline phogp GicE |QRRME st7@d DNA fragnent was pur_l fied by
| ow nel ting terrpera?ﬁag AGREREC1 base @a@fd rophoresis and ligated in the
presence of phosphqulp@gd bidnyeiLot 1 de ACE175 whi ch has the
_ . (C) STRANDEDNESS: double
(D) TOPOLOGY: linear

(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO

(ix) FEATURE:
(A) NAME/KEY: CDS :
(B) LOCATION: 10..759

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:

CGACGAGCC ATG GIT GCT GGG AGC GAC GCG GGG CGG GCC CTG GGG GTC 48
Met Val Ala Gly Ser Asp Ala Gly Arg Ala Leu.Gly Val
1 S 10

CTC AGC GTG GTIC TGC CTG CTG CAC TGC TIT GGT TTC ATC AGC TGT TTT 96
Leu Ser Val Val Cys Leu Leu His Cys Phe Gly Phe Ile Ser Cys Phe '
15 20 25

TCC CAA CAA ATA TAT GGT GIT GTG TAT GGG AAT GTA ACT TTC CAT GTA 144
Ser Gln Gln Ile Tyr Gly Val Val Tyr Gly Asn Val Thr Phe His Val
30 _ 35 40 45

CCA AGC AAT GIG CCT TTA AAA GAG GTC CTA TGG AAA AAA CAA AAG GAT 192
Pro Ser Asm Val Pro Leu Lys Glu Val Leu Trp Lys Lys Gln Lys Asp
50 55 60

AAA GTT GCA GAA CTG GAA AAT TCT GAA TTC AGA GCT TTC TCA TCT TIT 240
Lys Val Ala Glu Leu Glu Asn Ser Glu Phe Arg Ala Phe Ser Ser Phe
65 70 75

AAA AAT AGG GTT TAT TTA GAC ACT GTG TCA GGT AGC CTC ACT ATC TAC 288
Lys Asn Arg Val Tyr Leu Asp Thr Val Ser Gly Ser Leu Thr Ile Tyr
80 85 20

AAC TTA ACA TCA TCA GAT GAA GAT GAG TAT GAA ATG GAA TCG CCA AAT 336
Asn Leu Thr Ser Ser Asp Glu Asp Glu Tyr Glu Met Glu Ser Pro Asn
_ 95 100 - 105

ATT ACT GAT ACC ATG AAG TTC TTT CTT TAT GTG CTT GAG TCT CIT CCA 384
Ile Thr Asp Thr Met Lys Phe Phe Leu Tyr Val Leu Glu Ser Leu Pro
110 115 120 125

“ﬁﬁ?iﬂTi‘ii:ﬁﬂi“m i



foll ewi ng sequence: (SEQ ID NO 41) TCGACGCGGC CGCG. 15 The ligation

nm xture was transfornmed into E. coli JA221, and col oni es were screened
for the presence of a pI asm d having a Notl site. The desired plasmd
was named pMDRIO1. In oré2r-to delete the two SV40

enhancer 20 repeats in the Sv40 pronoter which controls transcription

of the DHFR CIONAGCG RORITA AGTITET GO TTF]ACT: AT GGA AGOLATI,GA GDR/CAANd Cel $32
Biol., 9, pp.SexoBrs3@br Leygthr) Cys Aladey Thi Aise Cd¥\8eF Tde Fludel|SWnd Dralll.
The 2578 bp . Aatll-DralB% fragnent fromPWVDROO1 and the 13224 bp 25

BEHE TR

Following tra sforrra rofysi NtO res asmd
pMDRO02, was i sol at ed. pSAB132 was t en formed by eI I'm nating the
ECORI - Not | 30pdar féTeAt T W%aémam RAA [de? 2ECRQY AEE ACTRAN ‘bgge
pronot er and 4aPTACiaBy dys Pid hearc18&anboy£oz larg Asn B Thi rsagnEm from
plasm d pCW-B (O ongech, Palo Alto,165 i forni a)i1pontai ning the human
cyt onmegal ovi rus i medi ate early pr ormt er and enhancer.
- 57 - " TAT TTT AAG ATG GAA AAT GAT CTT CCA CAA AAA ATA CAG TGT ACT CIT 576

Tyr Phe Lys Met Glu Asn Asp Leu Pro Gln Lys Ile Gln Cys Thr Leu

175 | 180 185

AGC AAT CCA TTA TTT AAT ACA ACA TCA TCA ATC ATT TTG ACA ACC TGT 624

Ser Asn Pro Leu Phe Asn Thr Thr Ser Ser Ile Ile Leu Thr Thr Cys

190 195 : 200 205

ATC CCA AGC AGC GGT CAT TCA AGA CAC AGA TAT GCA CIT ATA CCC ATA 672

Ile Pro Ser Ser Gly His Ser Arg His Arg Tyr Ala Leu Ile Pro Ile

: 210 215 220
CCA TTA GCA GTA ATT ACA ACA TGT ATT GTG CTG TAT ATG AAT GGT ATT 720
Pro Leu Ala Val Ile Thr Thr Cys Ile Val Leu Tyr Met Asn Gly Ile
225 o230 235
'CTG AAA TGT GAC AGA AAA CCA GAC AGA ACC AAC TCC AAT TGATTGGTAA 769
Leu Lys Cys Asp Arg Lys Pro Asp Arg Thr Asn Ser Asn
240 245 250
'CAGAAGATGA AGACAACAGC ATAACTAAAT TATTTTAAAA ACTAAAAAGC CATCTGATIT 829

CTCATITGAG TATTACAATT TTTGAACAAC TGTTGGAAAT GTAACTTGAA GCAGCIGCIT 889
TAAGAAGAAA TACCCACTAA CAAAGAACAA GCATTAGTTT TGGCTGTCAT CAACTTATTA = 949
TATGACTAGG TGCTTGCTTIT TTTTGTCAGT AAATTGTTTT TACTGATGAT GTAGATACTT = 1009

TTGTAAATAA ATGTAAATAT GTACACAAGT G h 1040

(2) INFORMATION FOR SEQ ID NO:10:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 250 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:
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Construction of pSAB152

Not | ,» and

the 693 bp fragnent

pSAB144 was cl eaved with Sall and

| sol ated. pSAB149 was cleaved with - Sal |

and Notl and the 365 bp fragnment was isolaggd. 5 The two fragnents were
been cleaved with Notl,
dephosphory| ajedvily ataldlyaddsahip @10 gPhey At LedlEly val €54 Seicna10! asni d,

| igated to pSAB132, which had

PSAB152, contaiined the DNA sequence

the am no term nal

deposited with Anmerican

pPLFA3NMb7- 4A was

Su

10 92 amino acids of mature LFA-3,
t he hi nge ValgCys Lef LegQlisafyis iPhe GliycePhel 21@rSér (fysr PR3 Senrtinadin domai ns
of IgGL (see Figure 12) 20E coli JA221 2%ransformed wi tBOpSAB152 is

Rockvil | e, Maryl and
(accession 15111?01')'1697120631 val TYC@HEWSHCY#]oﬁh’bfPhE)NM%Vall&“ Ser Asn As
mentioned in Exanpl e31, plasnid pLFA%b

encoc i LA oM g 45l B e B, BRI o

ol i gonucl eoti de

jected to PCR amplification using

320-04 (SEQ 1@ N3 @hu 3R Ser gld 3R0UA eﬂid Phe 320" 8k frak

to anpl i fy gshe DNA encodi ngyg he si
anm no acids of the M7 del eti on nut ant of

was purified Jaa

r

The purified, PCR anplifiedsDNA was then
pl asm d pNNG3. The
Ser Ser Asp Glu Asp

Thr
Leu
Pro
145
Cys
Met
Leu
Ser
Val

225

Asp

(2)

Met

Thr

130

Glu
Pro
Glu
Phe
Gly
210

1le

Arg

100

Lys Phe Phe
115

Cys Ala Leu
His Tyr Asn
Met Glu Gln

165

Asn Asp Leu
180

Asn Thr Thr
195

His Ser Arg

Thr Thr Cys

Lys Pro Asp
245

Glu Tyr Glu Met
105

Leu Tyr Val Leu
120

Thr Asn Gly Ser
135

Ser His Arg Gly
150

Cys Lys Arg Asn
Pro Gln Lys Ile
185

Ser Ser Ile Ile
200

His Arg Tyr Ala
215

Iile Val Leu Tyr
230

Arg Thr Asn Ser

INFORMATION FOR SEQ ID NO:11:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 863 base pairs

(B) TYPE:

nucleic acid

(C) STRANDEDNESS: double

Type Culture Collection,

4A cont

and the 5' termni

ten

encotb ng the LFA-3 siignal sequence,

am no aci ds of

ns a DNA sequence

Qﬁ,‘%q‘zsgp?@) in or.der

sequeggce and t

4g st 82

LFA-3. The PCR anplified DNA

PiVLeu AspETHyY W@l SRETGIvaber Ce@TREOFR U@ aAshemdw Dphor esi s.

90ligated into tes EcoRV site of

Glu Ser Pro Asn Ile

Glu

Ile

Leu

Ser

170

Gln

Leu

Leu

Met

Asn
250

Ser

Glu

Ile

155

Thr

Cys

Thr

Ile

Asn

Leu
Val
140
Met
Sei'
Thr
Thr
Pro

220

Gly

235

Pro
125

Gln

Tyr

Ile

Cys
205

Ile

1le

110

Ser

Cys

Ser

Tyr

Ser

190

Ile

Pro

Leu

Thr Asp
Pro 'I_.'hr
Met Ile
Trp Asp

160

Phe Lys
175

Asn Pro
Pro Ser

Leu Ala

Lys Cys
240

-
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30 ligated DNA was transfornmed into E.coli JA221, and the resul ting
transformants screened (by Notl digestion) for a plasm d containing an
approxi mately 300 bp insert. The identity of the desired insert was
confirmed by DNA sequence anal ysis. The desg4ed

- 58 - pl asm d contai ning the approximately 300 bp i nsert ‘was

desi gnat ed pNNVb7-14. (D) TGROROGY:udimemr of pMo71Qg-5- Plasm d
PNNMVB7- 14 was cleaved with Notl and 5 Sall, and the 310 bp fragnent

i sol at ed by | ow-(Eli) WEPOTHERIGAeNAt ur e agarose gel el ectrophoresis. This

f ragnment and the 693 b SaII-NotI fragment of pSABl44 (see supr a)
were ligated to NotP-NTJes®¥SE: ¥ f al kaline phosphat ase-treated pSAB132
(see supra). The }j | O m xture was used to transform E. col | JA221,
and transfornmaht’c gr eened by hybridi zation using a
[err]- [err]P-ATP | abe 4%%1 §Ee%l7de havi ng t he sequence of SEQ ID
NG 17. The desired orientation of

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:11l:

GCGGCCGCCG ACGAGCC ATG GTT GCT GGG AGC GAC GCG GGG CGG GCC CTG 50
Met Val Ala Gly Ser Asp Ala Gly Arg Ala Leu
1 5 10
GGG GIC CTC AGC GTG GTC TGC CTG CTG CAC TGC TTT GGT TTC ATC AGC 98
Gly Val Leu Ser Val Val Cys Leu Leu His Cys Phe Gly Phe Ile Ser
: 15 20 25
TGT TTIT TCC CAA CAA ATA TAT GGT GIT GTG TAT GGG AAT GTA ACT TTC 146
Cys Phe Ser Gln Gln Ile Tyr Gly Val Val Tyr Gly Asn Val Thr Phe
30 35 40
CAT GTA CCA AGC AAT GTG CCT TTA AAA GAG GTC CTA TGG AAA AAA CAA 194
His Val Pro Ser Asn Val Pro Leu Lys Glu Val Leu Trp Lys Lys Gln
45 50 : 55

AAG GAT AAA GTT GCA GAA CTG GAA AAT TCT GAA TTC AGA GCT TTC TCA 242
Lys Asp Lys Val Ala Glu Leu Glu Asn Ser Glu Phe Arg Ala Phe Ser

60 65 70 75
TCT TTT AAA AAT AGG GTIT TAT TTA GAC ACT GTG TCA GGT AGC CTC ACT 290 -
Ser Phe Lys Asn Arg Val Tyr Leu Asp Thr Val Ser Gly Ser Leu Thr

80 85 90
ATC TAC AAC TTA ACA TCA TCA GAT GAA GAT GAG TAT GAA ATG GAA TCG 338
Ile Tyr Asn Leu Thr Ser Ser Asp Glu Asp Glu Tyr Glu Met Glu Ser
' 95 100 105
CCA AAT ATT ACT GAT ACC ATG AAG TTC TTT CTT TAT GTG CIT GAG TCT 386
Pro Asn Ile Thr Asp Thr Met Lys Phe Phe Leu Tyr Val Leu Glu Ser
110 115 120
CIT CCA TCT CCC ACA CTA ACT TGT GCA TTG ACT AAT GGA AGC ATT GAA 434
Leu Pro Ser Pro Thr Leu Thr Cys Ala Leu Thr Asn Gly Ser Ile Glu
125 130 135
GIC CAA TGC ATG ATA CCA GAG CAT TAC AAC AGC CAT CGA GGA CTT ATA 482
Val Gln Cys Met Ile Pro Glu His Tyr Asn Ser His Arg Gly Leu Ile
140 145 150 155
ATG TAC TCA TGG GAT TGT CCT ATG GAG CAA TGT AAA CGT AAC TCA ACC 530
Met Tyr Ser Trp Asp Cys Pro Met Glu Gln Cys Lys Arg Asn Ser Thr
160 - 165 170
-

—

i



the inserts in pSAB132 was confirnmed by the 15 identification of a 6913 and
a 2029 bp fragnent upon digestion with Pvull. The resulting plasm d was
desi gnated pMb71 g-5. DNA sequence anal ysis confirned that pMb71g-5
contains a DNA sequence encoding the LFA-- 8 -3 signal sequence, the first
82 am no acids of the Mb7 20 deletion nutant of LFA-3, ten am no acids of

t he hinge AQTe 4TH TADFTIRUAMENATG) GAA AXT €ATE CTT CA]| QAAaASA @A rqAR3TEDNSt anb78
domai ns of | %K. Ile Tyr Phe Lys Met Glu Asn Asp Leu BXA\FnFLyY Ile GInPeysiuct i on of

LFA3TI P From 25 Transi éffly Transfect ed!®0s7 Cells 185 To
produce the LEA- 3- usion..protein, LFEA3TIP (also referred to as
LFA-3(92) | ge)%f?p u%ﬁé A‘;& g‘jﬁsg%ﬁ%g? %ggigg%f @T cel | s68§
el ect ropor at i §EI%\7\‘5 b =016} B il Bio 1410 5 1% 3; B E4ctof pSABL52
DNA each were et han&l precipitated wth 350 [errJQ of sonicated sal non
sperm DNA.  DNGcwggr Rot! @hetbe acc 206 @g@&%&i | fa0 %Acﬁﬁl T HEBS {2
MM Hepes/ pH Tnr éydTie 136 §&¥ Beery s Arg Q!i§ Aﬁg &A4] @f‘gl’] , 6 &
205 210 215

CCC ATA CCA TTA GCA GTA ATT ACA ACA TGT ATT GTG CTG TAT ATG AAT 722

Pro Ile Pro Leu Ala Val Ile Thr Thr Cys Ile Val Leu Tyr Met Asn

220 225 230 235

GGT ATG TAT GCT TTT TAAAACAAAA TAGTTTGAAA ACTTGCATTG TTTTCCAAAG 777

Gly Met Tyr Ala Phe

240

GTCAGAAAAT AGTTTAAGGA TGAAAATAAA GTTTGAAATT TTAGACATTT GAAAAAAAAA 837

AAAAAAAAAA AAAAAAAAGC GGCCGC 863

(2) INFORMATION FOR SEQ ID NO:12:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 240 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:12:

Met Val Ala Gly Ser Asp Ala Gly Arg Ala Leu Gly Val Leu Ser Val
1 5 10 15

Val Cys Leu Leu His Cys Phe Gly Phe Ile Ser Cys Phe Ser Gln Gln
20 25 - 30

Ile Tyr Gly Val Val Tyr Gly Asn Val Thr Phe His Val Pro Ser Asn
35 40 45

Val Pro Leu Lys Glu Val Leu Trp Lys Lys Gln Lys Asp Lys Val Ala
50 55 60

Glu Leu Glu Asn Ser Glu Phe Arg Ala Phe Ser Ser Phe Lys Asn Arg
65 70 75 80

Val Tyr Leu Asp Thr Val Ser Gly Ser Leu Thr Ile Tyr Asn Leu Thr
85 90 95
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- 59 - dextrose). COS7 cells from4 confluent T150 fl asks (8 x
10ferr] cells) were renoved by trypsin treatnent in DVEM (G bco,

Gairt hersburg, Maryland), 10% fetal bovine serum 4 nmMglutamne. Cells
fromeach flask were 5 transferred to i ndrv8&6dwal 15 m Corning

pol ypr opyl ene tubes and pelleted at 1000 rpmfor 4 m nutes at room

t enper at ur e i AeRPeF AP ARP (®u. Toveflw ety Sex 8pe Asnckle Tl Aspl | S
resuspended in the DNA-H¥B sol uti on8fd transferred ¥® a Bi o- Rad

S

(R chnond, 10 Lj £ arni ectroporatjon cyvette. The cuvettes were set
in a Bio-Rad éﬁ&'f’f&ﬁe?ﬂe& °§ﬁr‘s g%g 385 | $&¢ Leu EAS?GOP{%FFT Fd

capaci tance. Cells were resuspended i 10 M of medi um and pel |l eted
in an | EC centLi fi@ecys aRsS 1LESSEL Aed 114 44,C e seeded into a 2
15 liter cell faqiegr yysi n _-DI\/EMSﬁrr% 1gmcf£%§§c1uet%¥ue?%3;llﬁ?néys ﬁ‘\"/\%g?ﬁar vest ed
after 72 hours for purification of LFA3TI P proteln. The
concentrati onpeé Gleatiat ek WEAITkRiisnarg c1f raastrcked exCeig WEp Medi um
was determ nedlédby 20 ELI SA. Fiisbher 96 flat botissn wel [ pl ates @gerni ng
2580) were coated with 50 [err]l of goat anti-human |IgG (H+L) (Jackson
| mmuno Resear €ys PygdfetFbyEln Cys BenAsy Asarfex, THZaSed dJe eTyoPhel @9s 005- 088)
diluted at S5[err]g/m i35 1X PBS. These IPates were incubzed at 4[err]C
25 overnight. Plates were washed the next day 6 tines wi th dH20 and

bl ocked w th ¥8% Gerdsmy F'F“(?F°b¢]6'cky§atl}_\1?é’r1“ Cys Tb/levrSexl Agp&roserumin
1X PBS). Buffer was renbVed after a $3hour incubati %t room -

t t i di s .added variqus_dil utions. As
enperature aﬂg.z Phe ;%nﬁln:t ﬂpﬁf?egu%l%%e Leud'Fhr ?%’f C%s ﬁe Pro Ser '

30 a control to cre a stan , a serres 205

Ser Gly His Ser Arg His Arg Tyr Ala Leu Ile Pro Ile Pro Leu Ala
210 215 220

Val Ile Thr Thr Cys Ile Val Leu Tyr Met Asn Gly Met Tyr Ala Phe
225 230 235 . 240

(2) INFORMATION FOR SEQ ID NO:13:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
. {xi) SEQUENCE DESCRIPTION: SEQ ID NO:13:

CTCTTTTAAA GGCACATACA CAACACCATA 30

(2) INFORMATION FOR SEQ ID NO:14:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(iii) HYPOTHETICAL: NO
—_
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dil utions of whole human 1gG (Jackson | muno Research, West Grove,
Pennsyl vani a, Catal ogue No. 099-000-603) was i ncluded on the sane
plrate. After a one hour i ncubation at roomtenperature pl ates were
washed 4 35 times with 0.01% Tween 20 in 1% PBS, and 50 [err]l/well of-

- 60 - a 1:5000 serumdilution of alkaline phosphatase- conj ugat ed

anti-human 1gG s | r agnent (Jackson I mmuno Research, West
G ove, Pennsyl vaﬁfg L&ﬁ g#sgog e No. 109-055-098) was added to each wel | .

5 After one hour Sﬁﬁﬁm g?ﬁlf 6g Lh 0. 1% Tween 20.
Pl ates were deve 2e Wwth a so ?%kn édcont aining a 1:10 dilution of 10
nM Ca[err], Maceffarcerr®barrecdiebhaiagtani ne, pH 9.6, plus 5 ng/m 4- 14

ni t rophenyl phosphat e (Boehri nger Mannhei m Bi ocheni cal s, I ndi anapoli s,
I ndi ana, catal ogue no. 738-352). The reacti on was stopped using 3N NaCH
and pl ates read at 405 nM on a M crodevices mcropl ate reader.

Producti on of ()FREFPREATIONNFORSSEQ 3Dl 35Tr ansf ormed CHO Cel | Line
(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:15:

AGCTCTGAAT TCAGATTTTT TCCATAGGAC 30

(2) INFORMATION FOR SEQ ID NO:16:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
(x1i) SEQUENCE DESCRIPTION: SEQ ID NO:16:

TAAATAAACC CTATTATTTIT CCAGTTCTIGC 30

(2) INFORMATION FOR SEQ ID NO:17:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: limnear

(iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO
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A reconbi nant LFA3TIP expressioh vect or was constructed as described

bel ow, which can be stably mai ntained in CHO cells to achieve
cqQnt i nuous expression of LFA3TIP. 20 A Not | fragment
contai ning the LFA3TIP coding - sequencgegdf pSABL52 was purified by | ow
melting . t enper ature agarose gel el ectrophore5| s. The fragment = was

~ligated into theAotdpoGkil DESORTPEION: SHAEID No:EXPT essi on pl asnid pMDROO2
(see Exanple 11). The 25 resulting ligations were used to transform E. coli

JA221, and CQrOSATRETE ABCCTTITAY Ahbercdead red, correctly oriented, insert
were identified by the presence of 6599, 2058, and 487 bp fragnents
upon digestion with Pvull. The identity of the correct insert in
pMDRI902 30 was confirmed by DNA sequence anal ysis. The resulting

reconmbi nant d2prBFORMATION FORi SEQN&B P@et#-gnat ed pMDR(92) | g- 3.

The reconbi nant e ression plasmd %so 92)1g-3 was el ectroporated i nto
CHO cel I's 35 acco(r ﬁggUWBt ﬁ@“ﬁtg E‘Issﬁé rot ocol of J. Barsoum ( DNA
ase pai

- 6l - (B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:18:

ATACTCATCT TCATCACCTG ACACAGTGIC 30

(2) INFORMATION FOR SEQ ID NO:19: .

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:19:

GGTATCAGTA ATATTTGATG ATGTTAAGIT ' 30

(2) INFORMATION FOR SEQ ID NO:20:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO

I————
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Cell Biol., 9, pp. 293-300 (1990)) with the foll ow ng changes. 50
[err]g of Aatll-di gested plasm d DNA and 350 [err]g of sonicated sal non

sperm DNA were used in the el ectroporation protocol. In addition, cells
were 5 selected in al pha conplete medi um-sggppl emented with 25 or 50 nM
met hotrexate (MIX). ) To deternine expression |evels of

secreted LFA3TIxR) SEQUENGE DESCRIPTIANSSEQrEMNDo2%x fl at bottom 96 wel |
mcrotiter plate, grown to confluency and assayed 10 by ELISA (see infra).
One cl one gr o%ﬁﬁqm%l‘-ﬁﬁw&ﬁ%ATchmQS nM MIX, LFA3TIP.25.11, express$@d
5-10 [err] g of . LFA3TIP per ml of culture nedium This clone was
expanded and arrpl ified further. Anplification was carried out by

seeding 1 cell 9 plate with conpl ete nedi um
suppl enent ed P ??NEMI%G%R &Qmﬁ k’ﬁ‘iﬁ *Cl ones were grown to. confluency and
assayed by ELI 35\ s&w b&é.]}ﬂsP 25.11. 50. 10A and

3@ |

LFA3TI P. 25. 11. 50. eks (i.e., 50- 60 [err]g of
LFA3TI P per ml of cul t(tgbermdldmeﬁf a %\?’STI P 20 and were expanded for
further study and pur i (ic) CSYRARDEDNESS : single The concentration of secreted
LFA3TIP in medi um@h ToPoLoGESliHeafHO cel l's carrying pMDR(92)1g-3

(i.e., conditioned nedium was determ ned by ELISA Vel | s of

| mmul on 2 pl at es(i(lmyrméﬁﬁ'rm& CRantilly, Virginia) were each coated with
anti - LFA3 MAb TS2/9 ( t of Dr. Tinothy Springer) with 50 [err]l of
anti-LFA3 TS2/9 M@B)cﬂm&t%sgo No5 [err] g/m in 0.05 M sodi um

car bonat e/ bi car bo S ﬁﬁffergﬁﬁo 6. covered with Parafilm and

i ncubat ed over ni g&g A %ﬂg@?"at%l Me2iext day, plates were
washed6tirre and bl ocked with 150[err]|/we|| of
a o block boM %@@#’?ﬂt\ﬁ%ﬁﬁﬁ%&%. n 1X PBS), which had

{2) INFORMATION FOR SEQ ID NO:22:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
(x1) SEQUENCE DESCRIPTION: SEQ ID NO:22:

CATGCATTGG ACTTCTGTGG GAGATGGAAG ' 30

(2) INFORMATION FOR SEQ ID NO:23:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO

S
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been filtered through a 2 micron filter. The buffer was renoved after a
"2 hour incubation at room 35 tenperature, and conditioned nmedi um was added

at -~ ' ' _ - 62 - various dilutions. As
a control to create a standard curve, -a9eries of dilutions of LFA-3 (50
[err]] per well) was al so included. Typicall the well containing the
nmost concent r-at e@‘ﬂ.FM?%ﬁEWYEM a$ERdD N9: Fiﬂrr of an 5 LFA-3 sol ution
containing 10 ng of LFA-3 in Bl ock buffer diluted in 1X PBS
constituted t4¢ %ﬁ?l@@n‘*“rgﬁrﬁm%n%e sanpl es and control s were 30
_incubat ed - at roomtenperature for one hour. The pl ates
were then washed 6 tines V\ﬁth 10 dei oni zed water. Each well was then filled
with 50 [err](l 2) I TON IIHt N9, rabbit pol yclonal anti-LFA-3
antiserum (e.qg., I serum supra | n 5% fetal calf serumin 1X PBS.

After one hour rogmutgﬁeg)«gmﬁgmsncg he polyclonal anti-LFA-3 antiserum
was renoved and tﬁle 1@ \A@_tﬁmwegoebg@sggﬂ.ﬁ times with a solution of 0.05%

Tween-20 in 1X PBS. Egphtyed:| nvdasié efafilled with 50 [err]l of HRP-goat
anti-rabbit |gG H+L) (C)askRANDEDNESENGingle ' ' '
(D) TOPOLOGY: linear
(iii) HYPOIHETICAL: NO
(iv) ANTI-SENSE: NO
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:24:

CATAGGACAA TCCCAGTAAT GCTCTGGTAT 30

{(2) INFORMATION FOR SEQ ID NO:25:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO _
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:ZS:

TATACTGGTT GAGTTTGAGT ACATTATAAG 30

- (2) INFORMATION FOR SEQ ID NO:26:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO

: .
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Research Laboratories, Inc., Wst Gove, Pennsylvania; Cat al ogue No.
111- 035-045) at a 1: 10 000 d| lution in 20 the bl ock buffer containing 2%

whol e mouse serum (Cappel, Catal ogue No. 5011-1380). The plates were

t hen i ncubated at roomterrper ature for 56-@0'rri nut es. The
HRP- goat antl-rabblt g%c@ sol ution renoved, and the wells were
washed 6 tines ) S35 sOESFREE O SER &5(“9’8@ Then, 50 [err]l of

'R subst 1 at ?’%{fFf‘g"fg S AR e 0.5 i o of a2 ¥

3,3 ,5,5 -tetranet hyl benzidine (TMB), (ICN | mmunobi ol ogi cal s, Lisle,

South Carol ina, Catalogue 30 No. 980501) in DVBO (Al drich) was slowy added

to 50 m (95 InebRfaTEne l.bwfg‘hgrn{ QolzM sodi um acetate/citric acid, pH

4.9); foll ovved by addition of 7.3 [err]l of 30% hydrogen per oxi de

(Srgma, Catal ogugiNGEQUENCROSHARACTERISTICS: The devel oprrent of a blue

color in each well 3XA)ENCTH: BOrdeapaitdO Nmon a mcrotiter plate reader.
~ - 63.- After 7-XB®)AYREt omcledreadidel opment was stopped by the

addi tion of 50 [err]|(Cof STRANDEDNESSir isénglei d. The resulting yel | ow col or
was read at 450 nm orfDd TAPERQAY:t kinegrat e .

(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:27:

TAATGGATTG CTAAGTTCCA TCTTAAAATA 30

(2) INFORMATION FOR SEQ ID NO:28:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(iii) HYPOTHETICAL: NO
{iv) ANTI-SENSE: NO
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:28:

TGTCAAAATG ATTGAAGTAC ACTGTATTIT 30

(2) INFORMATION FOR SEQ ID NO:29:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO
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reader, A negative control well was used to blank the 5 machine.
Production of Mb71gG ' A fusion protein consisting of LFA3TIP
| acking the ten am no acid Mb7 region of LFA-3 (M671gQ was produced
substantially as described above for 10 LFA3Ti P.

EXAMPLE 13 rifi ' A3TI P . The COS7(pSABL152)
condi ti oned cul t&i@ %@&?ﬁ#ﬁo%%&ﬁg@%nﬁ%ﬁﬁeaﬁo-fm d using an AM CON
S1Y30 spiral TERTERN i éw , Danvers, Massachusetts). The
concentrate was %l&\#ée%gl n§ o&éle@c f?g];ll i quots and bat ch-adsorbed # th

200 [err]| per aliquot of Protein-A Sepharose 4B (SIGVA, St. Louis,
M ssouri) overni ght at ‘4[err]C. The beads were pelleted at 1000 rpmin

a clinical 2QG2gemiroriiarton ®RM$EQ €5, 8028, t hen packed into a 5 mMm
di aneter colum. The resin was washed with 20 m of PBS suppl enent ed

with 500 mM Nad €i0l SEQueNCE) ¢HAXACTERTSTICS: PBS. The bound proteins were
eluted in 150 [err]| (A) LENGXH!t i3®nbase pairsO nM gl yci ne, 250 mM NaCl (pH 3.0)
into 25 tubes contai (B}gTYRE:[ nyalplec gieid M HEPES, pH 7.8. 10 [err]l of

each fraction was run(@QnSTRMDERNESSH sdhake SDS- PAGE gel s. The fractions
cont ai ning the el ut ed3Br EPRALACY e LEnga50| ed and subjected to Superose-12

gel filtration Cg’{#’ ) rap devel oped in PBS (Pharnaci a/ LKB, 30
Pi scat away, New( s %ﬁ%ﬁ ti% Aliquots of 10 [err]l of the peak

protein (iv) ANTI-SENSE: NO
(x1) SEQUENCE DESCRIPTION: SEQ ID NO:30:

ATACTCATCT TCATCATACA CAACACCATA 30

(2) INFORMATION FOR SEQ ID NO:31:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:31:

CATAGGACAA TCCCATGATG ATGTTAAGTT . 30

(2) INFORMATION FOR SEQ ID NO:32:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO

-
This Sheet Has Been R

[T



fractiions (determ ned by measuring the O D. at 280 nm were run on 12%
SDS- PAGE gel s under nonreduci ng - 64
- conditions and the fractions contai ni ng LFA3TIP with a | ow
concentration of contam nating proteins, ad3 ~ deternined on the SDS-PAGE

] aEdsE’.y Ve 5443, Shgencs BB S0 R o0 St P r 05y M
Manual , éfﬁé&&%&%&l’&“ﬁéﬂ% Laboratory, 1988)), were 'poo%@dl

and concentrat In a tricon (AM CON, Danvers, Massachusetts).
LFA- 3 was detected on Western bl ots using rabbit antl-LFA-3 10

pol ycl onal antiserum 202 (see Exanple 3, supra) and goat anti-rabbit
| gG whi ch wag)l aFoRATIONt FOR SEQ@DSKY:38t sh per oxi dase (Signma, St. Louis,
M ssouri). Bl ots were devel oped using the Amersham ECL detection Kit

(RPN 2106, Amershéid SEQUENAE tCHARAGIERESTICSI | [ i nois). 15 The final pool was
run on 12% SDS- PAGE géA)s LENQIH: 32 apmimg edidsi ng conditions to assess the
purity. A WV absorb&h@@%ge@hﬂjmiﬂas run to determne the

concentration. Al pr ég))ammmcgmiﬁrlﬂﬂeélew th Protein
near

(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:33:

Ser Leu Thr Ile Tyr Asn Leu Thr Ser Ser Asp Glu Asp Glu Tyr Glu
1 5 10 15

Met Glu Ser Pro Asn Ile Thr Asp Thr Met Lys Phe Phe Leu Tyr Val
20 25 30

(2) INFORMATION FOR SEQ ID NO:34:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 base pairs
(B) TYPE: nucleic acid
. (C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
(ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION: 6..23
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:34:
TCGTC GAC AAA ACT CAC ACA TGC C 24

Asp Lys Thr His Thr Cys
1 5

(2) INFORMATION FOR SEQ ID NO:35:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 6 amino acids
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A were found to contain a single contami nant, which 20 nost likely is
bovine 1gG present in the fetal calf serum of the culture nmedium and
whi ch copurifies with t he LFA3TI P. The purity of LFA3TIP
was determ ned by denat uri ng and nonde®at-uri ng SDS- PAGE (Figure 13).
The 25 results of the SDS-PAGE anal ysis indicated that LFA3TI P,
purified fromthe cultuf® FEBEumpdmo @ekdy cel | s carrying plasmd
pPSAB152, is present in Pk TOBPROGY: liped% yre nedium as a di ner of two
nmononeri ¢ LFA- 3-1 fusion _proteins, connected by disulfide bonds. 30
The fact that LFA%‘H?D’?OL‘E ntREE, RIpEen l cul ture nmedi um suggests
that, as with LFA- 3, t LGN ptd ce operates normally,

! 1) péeagg@&(;g. Ftscr1erd8 D 'eell S R

i.e., the signal I'S cleaved fromthe damno term nal region of

the LFA-3 dorgjn.ff A3d R Byd he process of secreting 35 LFA3TIP protein
across the ,cerﬁ% n’%n#rngne. ;E’y - 65 -

Purification of M7IlgG

'(2) INFORMATION FOR SEQ ID NO:36:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:36:

GTAAATGAGT GCGGCGGCCG CCAA 24

(2) INFORMATION FOR SEQ ID NO:37:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 115 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:37:
GCGGCCGCGG TCCAACCACC AATCTCAAAG CTTGGTACCC GGGAATITCAG ATCTGCAGCA 60

TGCTCGAGCT CTAGATATCG ATTCCATGGA TCCTCACATC CCAATCCGCG GCCGC 115

'(2) INFORMATION FOR SEQ ID NO:38:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 33 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
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Mb71 gG was purified from conditioned culture medi-um substantially as

descri bed above for LFA3TIP. Siml|ar contam nants were observed. 5
EXAMPLE 14 FACS Anal ysis of LFA3TIP Binding Jur kat
cells were transferred into several Eppendorf tubes at 1 x 10[err]
cells/tube. Cells were pelleted for 10 seconds in an Eppendorf 10

m crocentrifuge, the riddi TAPOWRE :atprieazt ed of f, and pellets were
resuspended in 100 ger-r | of LFA3TIP or anti- CD2 nonocl onal anti body
(MAb) TS2/ 18 ( Safidf THETJCAL: N@t | . Proc. Natl. Acad. Sci. USA 79,

pp. 7489-7493 %) th at 10 [err]g/m in FACS buffer (PBS, 0.1%

15 NaNerr], O. 5@%5’% Fﬁq}gg) Q'O Cells were incubated on ice .for 30

m nut es, washed tegixz_ ' FACS buffer, and i ncubated with 100 [err]]|
ec y

of the appropriat . @pd i body to detect MAbs bound to the
Jurkat cells. FI TCeq omddé%;e:dlgo anti-nouse 1gG (HtL) F(ab')[err] 20
(Jackson | nmunor esearc

was used t'o'%get ect the anti - CD2 MAb, TS2/18,
and R- Phycoerythra',a>om§x'ms@haﬁ&pmt. SEQ IFNbk3duman 1gG F (ab')[err]
(Jackson .1 mrunor esear ch) was used to detect LFA3TIP bound to Jurkat
cells. The F| GaccceeeemEL AT GTICOS GGecoksd-6adb'cpéerr] was diluted to a 1: 53
25 concentration in FACS Matf V&¥ Alarclyt $er Rspg’lagaocerythrin conj ugat ed AP
goat anti-human 1gG F(ab')[lerr] was dil Ut ed by 1:20 in FACS buffer.
Cells were incubated for 30 m nutes on ice, washed 2 tinmes and
resuspended in 300 [err]l of 1 x PBS and fluorescence detected on a

cell 30 sorter For competition studies, Jurkat cells were
' (2) INFORMATION FOR SEQ ID ﬁg?39: : .

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 7 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:39:

Met Val Ala Gly Ser Asp Ala
1 5

(2) INFORMATION FOR SEQ ID NO:40:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 26 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear
(111) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO _
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:40:

AAGTCGACAT AAAGAAAGAA CTTCAT _ - 26

(2) INFORMATION FOR SEQ ID NO:41:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 14 base pairs
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pelleted in Eppendorf tubes as described above and

- 66 - LFA3TI P was added at a concentration of 10 [err]g/m in FACS
butfer. Cells were incubated for 30 minutes on i ce and washed twice with
FACS buffer. Pellets were then resuspengged in 100 [err]l of a 1:100
dilution (in FACS 5 buffer) of anti-CD2 MAb-containing ascites fluids:
Til[er], Till[err] or (ByMfyPEf lnucdéic Weie gifts of Dr. Ellis Rei nher z,
Dana Farber Cancer | ng)isTRANDEDBESS:08ingle Massachusetts). Cells were
incubated for 30 mi NUDESTOROLOGY:i Limeawashed twi ce and resuspended in a 1:20
dilution of 10 R-phycoerythrin conjugated AP goat anti-human |IgG

F(ab')[err] to UdidAYPRTHETACAIEABY| P. After a 30 mnute i ncubation on
ice, cells were washed tw ce and resuspended in 300 [err]l of 1 x PBS
and anal yzed i n GVvEANTI-SENSENOer . 15 The TS2/ 18 nonocl onal

anti bodi es and the nocl o ti dles |n ascites fluid Tll[err] are
specific for theg]xﬁy‘:,éﬁg‘]%?%dﬁl?f&gg] ’F\I@ﬁ "Iahus t hese anti bodi es
are expect edﬁ&é&e& tc?cé:m nol ecul es | on_the surface of Jurkat cel lli
and occupy the sane :

(2) INFORMATION FOR SEQ ID NO:42:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1050 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO

(ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION: 1..1041

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:42:

ATG GTT GCT GGG AGC GAC GCG GGG CGG GCC CTG GGG GTIC CTC AGC GTG 48 -
Met Val Ala Gly Ser Asp Ala Gly Arg Ala Leu Gly Val Leu Ser Val
1 5 10 15

GTC TGC CTG CTG CAC TGC TTT GGT TTIC ATC AGC TGT TIT TCC CAA CaA 96
Val Cys Leu Leu His Cys Phe Gly Phe Ile Ser Cys Phe Ser Gln Gln
20 25 _ 30

ATA TAT GGT GTT GTIG TAT GGG AAT GTA ACT TTC CAT GTA CCA AGC AAT 144
Ile Tyr Gly Val Val Tyr Gly Asn Val Thr Phe His Val Pro Ser Asn
35 40 45

GTG CCT TTA AAA GAG GTC CTA TGG AAA AAA CAA AAG GAT AAA GTT GCA 192
Val Pro Leu Lys Glu Val Leu Trp Lys Lys Gln Lys Asp Lys Val Ala
50 55 60

GAA CTG GAA AAT TCT GAA TTIC AGA GCT TTC TCA TCT TIT AAA AAT AGG 240
Glu Leu Glu Asn Ser Glu Phe Arg Ala Phe Ser Ser Phe Lys Asn Arg
65 70 75 80

GTT TAT TTA GAC ACT GTG TCA GGT AGC CTC ACT ATC TAC AAC TTA ACA 288
Val Tyr Leu Asp Thr Val Ser Gly Ser Leu Thr Ile Tyr Asn Leu Thr
85 90 95
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20 at which LFA3TIP binds. Accordingly, when Jurkat cells wer e
incubdted first with an excess of TS2/18 MAb or Tll[err] ascites fluid,
few if any domains are expected to be avail able for R-Phycoerythrin
conj ugated LFA3TIP to nol ecul es to bin@7 As shown in Figure 14A, 25
preincubation of Jurkat cells with either the TS2/18 MAB or Tll[err;
ascites fl ui dPGAcTEA CAT GAA GAT\GOR(TAT Ghdi ATF GAA TCHRAAMATVATT ACE/GAM P. A 336
si gnal nearl ysq’-'dﬁﬂt ﬁemleoAsv Gl‘ﬂﬁéffeﬁlﬁe#"cﬁh‘f SSE Rxol psn JAC TBEsASP/ed. | n

contrast, - the a nce of elther /18 or Tll[erllf' ascites fluid, 30
LFA3TI P bound TT%e‘H"ISC‘?‘PqAJr ro rti onégg
t he ceIIs(Fl Phe Phe Leuw Tvr 2 nd T11
ascites lfl specmh C ‘1‘0? ecognl z op es di stinct
fromthe epItOpe of i nvol ved in /LFA—3 35: corrp ex forrratlon As
shown in Fi gufg édtBGCA CCT GAA CTC CTG GGG GGA CCG TCA GTC TTC CTC TTCOdce 432
prei ncubat i oncyf pdailiatprectls Lk Ruetlyn€ly Pid[sekrvalOobhe 1Ak epHe] Pro ascites
fluid did not preyent LFA3TIP framsbinding to i4oe Jurkat .cells. The
results shown in Figure 14A and 14B i ndi cate that LFA3TIP possesses the
functional CDZGA AAA CCC AAG GAC ACC CTC ATG ATC TCC CGG ACC CCT GAG GTC ACA 480
Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr
145 150 155 160
TGC GTG GTG GTG GAC GTG AGC CAC GAA GAC CCT GAG GTC AAG TTC AAC. 528
Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn
. 165 170 175
TGG TAC GTG GAC GGC GTG GAG GTG CAT AAT GCC AAG ACA AAG CCG CGG 576
Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg
180 185 190
GAG GAG CAG TAC AAC AGC ACG TAC CGG GTG GTC AGC GTC CTC ACC GTC 624
Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val
195 : - 200 205
CTIG CAC CAG GAC TGG CTG AAT GGC AAG GAG TAC AAG TGC AAG GTIC TCC 672
Leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser
210 215 220
AAC AAA GCC CTC CCA GCC CCC ATC GAG AAA ACC ATC TCC AAA GCC AAA 720
Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys '
225 230 ' - 235 ' 240
GGG CAG CCC CGA GAA CCA CAG GTG TAC ACC CTG CCC CCA TCC CGG GAT 768
Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Asp
245 . 250 255
GAG CTG ACC AAG AAC CAG GTC AGC CTG ACC TGC CTG GTC AAA GGC TTIC 816
Glu Leu Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe
260 . o 265 270
TAT CCC AGC GAC ATC GCC GTG GAG TGG GAG AGC AAT GGG CAG CCG GAG 864
Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu
275 . 280 285
AAC AAC TAC AAG ACC ACG CCT CCC GIG CIG GAC TCC GAC GGC TCC TTIC - 912
Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe
290 295 300
- TTC CTC TAC AGC AAG CTC ACC GTG GAC AAG AGC AGG TGG CAG CAG GGG 960
Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly
305 310 315 320
Shﬁiﬁlfﬂfflﬁgﬂm



5 bindi ng domai n LFA-3. EXAMPLE 15 M xed
Lyrrphocyt e Reaction ' A functional assay for the formation of

t he CD2/ LFA-3 conplex and T-cell activation is the m xed 10 |ynphocyte
reaction ("M.R') (see, e.g., Krensky et-al-.98 - J. Immunol., 131(2), pp.
611-616 (1983); Bradley, - "M xed Lynphocyte Responses”, in Selected

Met hods in ABG| T TIC IToaW6o| TGP GTOATOCAT Gatl GBNiATGi CACCAAC )CAC TACPP. 1008
162- 164 (W H. AenctalnFhe S€p. QYS%I VahiMet diis GBB8A)a Lkb His asmdda\Tyrs based on

the activation of T-1ynphodgdes in a popdf ation of peri3B&ral bl ood
| ynphocyt es (" PBLs") when the T I_yrrphocg@es ("res onder cells")
recogni ze al | oG ﬁﬁcrﬁ?ﬁ pFed CTEI&T| rﬂGéG GCGGPBLs ("sti nul 3956

cells"). Such Et‘i" {‘H)g géﬁ&%e’d&%“ ’fﬁrt%‘%@rﬂ LY%) cel | adhesion, nediated
in part by the bi ndi 6 of CD2 nol ecul¥ on the T-1ynmphocytes to the
LFA-3 nol ecul es on the all ogenei ¢ PBLs. PBLs were purified
from30 m blood of two al | ogenei ¢ hunman donors over a Ficoll-Paque
gradi ent 25 (Rh§rirekmariOh SFoR! SePYD ﬁxeg\g.lersey, catal og no. 17-

0840-02). Blood was diluted at a 1:2 ratio in RPM medi um and overl ayed
on a Ficoll gradientintsequeNck cHARACTERISTIG3Q M bl ood: 15 nml Ficoll). Cells
wer e centrifuged thr qaplLENGEH:gB&M iaftivio m@ids Sorval | RT6000 30 centrifuge
at 1600 rpm 20C, for 30(R} 'TYPEs.amidxe acid i nterface containing PBLs was
collected into 50 m (PhITPERINSYL ekimedent ri f uge tubes (Corni ng 25331) and
topped with RPM nedium The cells were then pelleted by centrifugation

in a Sorval | RT6000&bHMOLEFUIETHRE: protein
(xi) SEQUENCE .DESCRIPTION SEQ ID NO:43:

Met Val Ala Gly Ser Asp Ala Gly Arg Ala Leu Gly Val Leu Ser Val
1 5 10 15

Val Cys Leu Leu His Cys Phe Gly Phe Ile Ser Cys Phe Ser Gln Gln
20 - 25 30

Ile Tyr Gly Val Val Tyr Gly Asn Val Thr Phe His Val Pro Ser Asn
35 40 45

Val Pro Leu Lys Glu Val Leu Trp Lys Lys Gln Lys Asp Lys Val Ala
- 50 ' 55 60

Glu Leu Glu Asn Ser Glu Phe Arg Ala Phe Ser Ser Phe Lys Asn Arg
65 . 70 75 80

Val Tyr Leu Asp Thr Val Ser Glj Ser Leu Thr Ile Tyr Asn Leu Thr
85 90 d 95

Ser Ser Asp Glu Asp Glu Tyr Glu Met Glu Ser Pro Asn Ile Thr Asp
100 : 105 110

Thr Met Lys Phe Phe Leu Tyr Val Asp Lys Thr His Thr Cys Pro Pro
' 115 120 125

Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro
130 _ 135 140

Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr
145 . 150 155 -160

Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn
165 170 175 .

Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg
180 185 190
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- 68 - 1400 rpm 4[err]C, for 15 mnutes. The cells of the pellets
were washed twice with 50 M RPM and pelleted - as described above. PBLs
wer e resuspended in RPM conpl ete medi um (RPM, 10% Hycl one FCS, 4 nmM.
glutamne, 5 Pen-Strep) to a concentratiog of 3 x 10[err] cells/mM. To
produce stinulator cells, PBLs from one of 1he donors were irradiated at
2000 rads in a Gammacel | Irradiator and brought to a final concentration

of 3 x 10[err, C ) ' ¥ i r P2, sanpl es
wer e added atG]h! Glt“hgi'%g%ge"ﬁ? ;l%tri ohs %@(ﬁr Ea edbgﬁghfzﬁel%ﬁg §1
pol ystyrene 96 roun ottomwell plate (Corning 25850). The hi ghest
concentrati oneysad &0f abpitipt e MADEIANGs cld P oyasLfs Weirded/ m . Al

di lutions and i nggbati gﬁﬁs) .dl}g Werelsjongrlign RPMEﬁg%pl%?e )?rsedi um Responder
cells (nonirradiated) and irradiated stinulator cells were added to
wel | s at a 1lASnriaftsi slaaflea Hronslla Eond2at@lat LysnThr IlefSek. Bys< Ald[Igsr] cell s
per well eacl2and plates were230 incubated f@35five days at ZAPerr]C. On

the fifth day, 20 cells werelpulsed with 1 [err]C [nmethyl-[err]H]
t hym di ne (N&AY Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Asp

245 - 250 255

Glu Leu Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe
-260 265 270

Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu
275 280 285

Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe
290 295 300

Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly
305 310 315 320

Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr
325 330 335

Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly lLys
340 345

—_—'——’'"_—_———__-—_—.—_-.—__-_—-.-—q
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Engl and Nucl ear, Boston, Massachusetts, NET-027) for  fifteen hours, and
harvested on_a Tontech 96 well - harvester. Proliferation of the
noni rr adi at ed popul ati on of T-1|ynphocytes was neasured by determ ning

ot iaEZ‘“lllllﬁiﬂllIWlﬂlllﬂJlllh[y?n-r Gne- i ng ™~ T ymohocyt & prol i arar o

Usi ng this ‘MR a% sdy, *a vari ety of MAbs and CD2-bi ndi ng nol ecul es were
t est ed for their effect on CD2/ LFA-3 cof®x formation and 30 T-cel |
activati on. : The anti-LFA-3 MAb 1E6 (produced by hybri dona
1E6- 2C12, ATCC accession no. HB 10693) is_gﬂg;kéic for t he CD2- bi ndi ng
domain of LFA-3. As shown in Fi gure 13 n 1E6 MAbs were present in
the MLR assay, 35 a dose dependent inhibition of T-cell activation was

- 69 - observed. This result is consistent with the view that 1E6

MAbs bi nd the CD2-bi nding dﬁ”ainapgohﬁﬁeétlahﬁhﬁﬁﬁ agﬁéher | exes

fromformng between stinmulator an onder I nhi bit
activation of 5 TSEEMPYHCR tN@‘ngbﬁﬁGeIDcEPF1bob§nab¥§nva1 Tyr Leu Asp

Thr Val Ser Gly-Y, wherein:
x1 is hydrogen or methionyl;

X,, if present, is a polypeptide having the
following amino acid sequence or a portion thereof
consisting of the carboxy-terminal 1 to 77 amino acids
of the sequence (SEQ ID NO:5): Val Ala Gly Ser Asp Ala
Gly Arg Ala Leu Gly Val Leu Ser Val Val Cys Leu Leu His
Cys Phe Gly Phe Ile Ser Cys Phe Ser Gln Gln Ile Tyr Gly

- Val Val Tyr Gly Asn Val Thr Phe His Val Pro Ser Asn Val
Pro Leu Lys Glu Val Leu Trp Lys Lys Gln Lys Asp Lys Val
Ala Glu Leu Glu Asn Ser Glu Phe Arg Ala Phe Ser Ser Phe
Lys;

Y is hydroxyl or a polypeptide of the following
amino acid sequence or a portion thereof consisting of
the amino terminal 1 to 32 amino acids of the sequence
(SEQ ID NO:33): Ser Leu Thr Ile Tyr Asn Leu Thr Ser
Ser Asp Glu Asp Glu Tyr Glu Met Glu Ser Pro Asn Ile Thr
Asp Thr Met Lys Phe Phe Leu Tyr Val;

and analogs and derivatives thereof,
said polypeptide being capable of binding to CD2.

2. The polypeptide according to claim 1
wherein,

X, if present, is a polypeptide having the
following amino acid sequence or a portion thereof
consisting of the carboxy terminal 1 to 50 amino acids
of the sequence (SEQ ID NO:2): Phe Ser Gln Gln Ile Tyr
Gly Val Vval Tyr Gly Asn Val Thr Phe His Val Pro Ser Asn
Val Pro Leu LYs Glu Val Leu Trp Lys Lys Gln Lys Asp Lys



LFA simlar dose dependent I nhibition of T-cell
act Ilmw " UENR assay (see Figure 15). To exclude the possibility

t ha ion of the 1E6 MAbs or LFA3TIP contributed to the 10
obser ved i nhi b| t ion of T-cell activation, non-specific human | gGlL
(Pierce, Rockford, IL) was tested in the MR assay. As shown in Figure
15, the nonspecific human | gG did not exﬂi Ei t the dose dependent

i nhi bition of T-cel | activation seen wit fOLFA3TIP or the 1E6 MAbs. 15

Taken together,- these results denonstrate that the inhibitory activity

of LFA3TIP on T- r£s) [ h F
domai n and noﬁ%e‘q’%@%%ﬁ ﬁﬁ%ﬁﬁ%%ﬁ%r eiﬁédffa ILbIEF% éeﬁ
Activity on T-celPhe@@ystivati on of O her Ml ecules

addition to LFA3TIP a ?Fﬁhﬁqr SN €

tested for inhibi torynfi i Ivity on T-ce%%gé\t%% Int %mwéﬁl?lgésay
7A6 MAb ( MAb %f%lé (ﬁeWQE)Z‘"bmdP ot tencthersof Ponsistingoaficed
by hybridoma 7A6-gH®, afié-taSRBsaD M e 18 aminéoﬁaﬁas db2tHé &aghened?

MAb, Sanchez- Madr | t_al G f t ot h

oy B (S s i e B AERUREGAR) 1AL e B

hydr ophobi c i ntersex; on at the Pl anchor region of each 30 PI-LFA-3

nmononer), and a CD4- lgﬁ}dfﬁéfgbgr&rﬁ'&'erivaéf?géogﬁgf Lp LFA3TIP, but
S

containing an amno termn regi on consi a pbrtion of CD4,
see, e.g., PCT saidpolyrepbride mimngable of binding oc€RBari son of
the inhibitory activity of 35 each of these nolecules is shown in the bar

gr aph of . . .
3. The polypeptide according to clainm 1,

selected from the group consisting of polypeptides
having the amino acid sequences: amino acids 29-120 of
SEQ ID NO:10, amino acids 29-108 of SEQ ID NO:10, amino
acids 48-108 of SEQ ID NO:10, and SEQ ID NO:7.

4. The polypeptide according to claim 2
having the amino acid sequence (SEQ ID NO:7): Lys Asn
Arg Val Tyr Leu Asp Thr Val Ser Gly Ser Leu Thr Ile

Tyr.

5. An isolated DNA sequence encoding a
polypeptide of any of claims 1, 2, '3 or 4.

6. An isolated DNA sequence encoding the
CD2-binding domain of LFA-3 comprising:

(5') (SEQ ID NO:6) AA‘I'AGGGTTT ATTTAGACAC
TGTGTCAGGT (3').

7. An isolated DNA sequence comprising a
DNA sequence encoding the CD2-binding domain of LFA-3
selected from the group consisting of the DNA inserts
of pPYM57, pPMDRM54~6, pPMDRM55-9, pPMDRM56-C,
pPMDRM58-15, pPYM63~4, pPYM65-8, pPMDRM100-4,
pPMDRM101-1, pPMDRM102-8, and pPMDRM3-10.

i
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- 70 —-—————Frgure-iﬁ—“"LFA3IgGA and "LFA31 gGr2A" in Figure 16 are

prepar ati on

res pectl ’u“
cells t

donmi n

S dlfferlng in purity, i.e., 75% and 50%
* t "nock" preparation, purified from COS7
vector DNA alone (i.e., no DNA insert encoding

LFA3TIP) mas added to show that the inhibitory activity on T-cel
activation was not derived froma nonspecific inhibitor contained in
condi ti oned COS7 cell culture nedium Haoek preparation contains the
10 cont ami nant whi ch, as discussed in Exanple 13, copurifies with
LFA3TI P and probably is bovine 1gG present. in the fetal calf serum of
the grow h nedi um Al'l MR assays were carried out as described. above,
except that each prepar ati og,of KDEQEBhSi Wﬁ% g ﬁaﬁ%.egﬁlét c% Q@@t i on
of 0.1 [err]g protein/m recogni ze t I ndi ng

of LFAP§A(?ﬁﬂu&ﬁ&elEGF°691PﬁetEF§13191ﬁd|§g°ﬁbﬂaﬁﬁddﬁn CD2

(TS2/18) exhi bi ted:qprﬁﬁsﬁ.bﬁa&bntﬁbﬂ.bBb&ﬁén&ét,l wheYrein the Ex‘iﬁléssion

activati on.

h b f | P 20 [ |
i ncr eased mnIhepﬁF#“%rglosf§§A3§Fei%gﬂgﬁﬁéggxeigog BSFFt?FtI IqEQABIgGA

- 75%

sequence.

9. A fusion protein, having an amino
terminal region characterized by the amino acid
sequence of the polypeptides of any one of claims 1-4
and having a carboxy terminal region comprising a
domain of a protein or polypeptide other than LFA-3.

10. The fusion protein according to claim 9
wherein the carboxy terminal region comprises at least
a portion of the Fc region of an immunoglobulin.

11. The fusion protein according to claim 10
wherein the portion of the Fc region of an
immunoglobulin comprises a hinge region and C42 and Cy3
constant domains.

12. The fusion protein according to claim 10
wherein the portion of the Fc region comprises a
portion of a hinge region that is capable of forming
intermolecular disulfide bonds and C42 and C 3 constant
domains.

o 13. The fusion protein according to claim 12
which is amino acids 29-347 of SEQ ID NO:43.

14. 2An isolated DNA sequence coding for a
fusion protein according to any one of claims 9-13.



purity) ~+bﬁspee+LLc_hunan_JgGﬂ and the CD4- IgGﬂ fusion'protein failed

to |nh|b| activation. The mul tinmeric form of

Pl.- i nked[ Hjﬂﬂmﬂmﬂl led to inhibit T-cell activation. Despite the
plurality ites in multimeric PI-Iinked LFA-3, it
appears that this type ot mul ti mer neither I nhi bits nor enhances the
‘human al | ogenei c MR EXAMPLE 16 30 PBL
Proliferation Assay Human BL@3 were i solated from20 m of
human donor bl ood on a Ficoll-Paque gradi ent, as described above.
Purified LFA3TIP was added to 96 well pol ystyrene round bottomtissue.

culture plates (Corning . 15. A recombinant DNA molecule compriming

25850) at the corgenipial iééq%eﬂaa %cﬂdi»di@;gﬁwraa% 14 diiSad1 x 10[err])

‘were then added to each well, and pl ates were 1 ncubated for 3 ﬂ ¥s at

37[err] C. All .di EXPr&ssign control, segyenge i Yhen@in Jme SXPTRIFILR (see
Exanpl e 15). control sequence is operatively linked to the DNA
sequence.

16. The recombinant DNA molecule, according
to claim 15, selected from the group consisting of
plasmid pSAB152 and plasmid pMDR(92)Ig-3.

17. A multimeric protein capable of binding
to CD2 comprising (a) two or more polypeptides
according to any one of claims 1-4, (b) two or more
fusion proteins according to any one of claims 9-13, or
(c) one or more polypeptides according to any one of
claims 1-4 and one or more fusion proteins according to
any one of claims 9-13.

18. A host cell transformed with the
recombinant DNA molecule according to claim 8, 15 or 16f

19. A method for producing a protein
comprising the step of culturing a host cell according
to claim 18.

20. A method for labeling cD2* cells or
proteins containing the LFA-3 binding domain of CD2,
said method comprising the step of incubatiné the cp2*
cells or proteins containing the LFA-3 binding domain
of CD2 with a polypeptide according to any one of

claims 1-4 or a fusion protein according to any one of
claims 9-13.

T l’iiifﬁﬁi“ufin




5 Cells weTeputsed-after 3 days with 1 [err]CG/well [nethyl- [err]H

t hymdi ne f hours and harvested on a Tontech 96 well autonmatic

har vest er. Im"iﬁﬁw m,m‘ ~proliferation was neasured in growh medium
al one and. um suppl enented wi th nonspecific human 10 1gGlL.
As shown in Figure 1? the LFA3TIP preparation inhibited proliferation
.of PBLs. hbnspeC|f|c human 1 gGL did not inhibit PBL proliferation. 15
W al so assayed the mmjor contanminant in tH&4 = LFA3TIP preparation froma
nock preparatien as described in Exanple 15. As nentioned in Exanples 13
and 15 above, this contam nant i s probably bovine |gG fromthe growth
medi um Figure 17 shows thad. ad wethodo foxe clearias soduki@ns, gGlL, the

contam nant al so jdicduding@era)hiot hnwidnﬁh@sahmamla&&ecogniﬁ% and
OKT3 Dependent PBL_Prolif.eration {, as%f sed &gg
et endent)

ability of LFA3THPATG €P PPﬁFbPFhEKT§h5§b§WGéﬁP CP*@

25 T-cell prolif@&Fa=-30compbisiner tnastslw;:sdofsmm the aplutiforom one

heal t hy h d T B f
heal thy huran cong R 4T3 UERTIRTGs, wi BPLPONL P gL il o
(Ortho Phar nip¥okeing iseleried £xromdMb7ic MESy) Mi6on &IMnd MJFPQohé“BO

presence of LFA3Hoppihatlonad Ohﬂ@éf1adﬂaﬂﬂﬂaﬁk suiﬁéﬁﬂe(fﬂf”ce
Chem cal Co., Rockford, III|n0|s 1 'n\ and 10 . One aliguot of
cel I's was i ncubaf@¥ming antibody n\ﬁQﬂR&ﬂ¥ﬁ§<T efh & MAVNGAN t hen

pul sed antibody-protein complexes formed from said solution.

22. A method for isolating CD2* cells or
proteins having the LFA-3-binding domain of CD2
comprising the steps of coupling a polypeptide
according to any one of claims 1-4 or a fusion protein
according to any one of claims 9-13 to a
chromatographic substrate and contacting a cell
suspension containing cD2* cells or a solution
containing proteins having the LFA-3-binding domain of
CD2 with said substrate under conditions suitable for
the formation of a LFA-3/CD2 complex.

23. A pharmaceutical composition comprising
a polypeptide according to any one of claims 1~4 or a
fusion protein according to any one of claims 9-13, and
a pharmaceutically acceptable carrier.

24. A diagnostic kit for detecting the
presence of CD2* cells or LFA-3-binding proteins
comprising a polypeptide according to any one of
claims 1-4 or a fusion protein according to any one of

- claims 9-13, as a reagent. '

25.. The use of a polypeptide according to
any one of claims 1-4 or a fusion protein according to
any one of claims 9-13 to inhibit T-cell activation.



- 72 - wth [rret hyl -[err t hym di ne as described above. The
results of thi nt are shown in Figure 18. The

results in Fi gure _ LFA3TI P was significantly nore effective-
at -inhi b|t|n W PBL proliferation than the control human
' gGl sspécificity. As with the results in Figure 17,
this indi cates that t he ablllty of LFA3TI P to inhibit PBL prollferatlon
resides primarily in the 92 amino acid Egi 3 region, which contains the

CD2 10 binding-domain, and not in the 1gG portion of LFA3TIP.

W al so assessed the ability of LFA3TIP and various other CD2-bi ndi ng
nol ecul es, as well as, the ability of Mb71gG to inhibit

phyt ohemaggl utinin (PHA)  2@epcfhemsemnf i Polvveptide accopdingubepti nal

and 15 opti mal erﬁﬂ@téﬁrﬁlﬁmf’ Hig4 or a fusum pr&éeiﬂ'&cééf&!nglté
10[ err] donor cells (human iﬁ]were I ng w th, PHA (Fi sher)

0.1 0or 1.0 [ ARY 7F °fe|‘H1E'msdl el Hrte nt Fe@’é‘?ﬂ:%f%?a on; gfked

LFA-3 ("PI LFA- 3" ,pé¥éipnerartbrdod EﬁpﬁmﬁpmSZO appl i cation WD 90/02181),
nmononeri c sol uble LFA-3 ("non LFA-3", consisting of am no acids 29-181

of SEQ ID NG 10), LFA3TIP, M719gG (see Exanple 11 a full -
SEQ ' ) 27. A p%aréaceutlcalnp Lmnformltlatmg'l‘-

lymphocyte responses in vivo comprising
a polypeptide according to any one of claims 1-4 or a
fusion protein according to any one of claims 9-13.
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| ength sol ubl e LFA-3-19gG fusion protein ("FLIgG', consi sting of am no-
aci ds"29-181 of SEQ ID NGO 10 fused 25.t0 a-portion of the hinge region and
the CJerr]2 and Cerr]3 domai ns of human 1gGl), an anti-CD2 MAb

(TS2/ 18, gift of T. Springer), or an anti-LFA-3 MAb (1E6) produced by
hybri doma 1E6-2C 2 (ATCC HB 10693). FLIgG was at a ‘concentration of 2
[err]g/m; all the other proteins were 30 %ﬁ@ﬁ concentration of 5 '
[err]g/mM . The cells were then pul sed wWi'th Jrethyl-[err]H thyn1d|ne as
descri bed above. The results are displayed in Figure 19.

Referring to Figure 19, when PHA was . i ncubated with human PBLs at a
suboptimal concentration 35 (i.e., 0.1 [err]g/m), only PI-linked LFA-3
(PILFA-3) was : o _ - 73 - able to
stinmulate PBL proliferation. Mo71gG nononeric sol ubl e LFA-3 and FLI gG
had no effect on subopti nmal PHA-stimul ated T-cell proliferation. MAb 1E6
and MAb TS2/ 18 inhibited proliferation 80-90% LFA3TIP 5 inhibited 70%
When PHA was present. at an optlnal | evel to stinmulate PBL proliferation,
LFA3TI P, MAb 1E6 and MAb '

o) 0s
_ Polypeptides and proteins comﬁrising the

CD2-binding domain of LFA-3 are disclosed. DNA
sequences that code on expression for those

5 polypeptides and proteins, methods of producing and
using those polypeptides and proteins, and therapeutic
and diagnostic compositions are also disclosed.
Deletion mutants unable to bind CD2 and methods for
their use are also disclosed. In addition, fusion

10 proteins which comprise the CD2-binding domain of LFa-3
and a portion of a protein other than LFA-3, DNA
sequences encdding those fusion prdteins, methods for
producinthhose fusion proteins, and uses of those
fusion proteins are disclosed.

—_—
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TS2/ 18 inhibited T-cell proliferation by 41% 26% and 20% respectively.
1005 The results in Figure 19 indicate that the regi on of LFA-3
defined by the N-term nal 92 am no aci ds, containing the CD2-binding
domai n of LFA-3, is capabl e of inhibiting PHA dependent PBL
proliferation, but that the absence of a portion of the CD2-binding 15
domain, as in Mb71gG or the presence of additional LFA-3 am no acid
sequence, as in Pl-linked LFA-3, nmononeric LFA-3 or FLIgG dimnishes
the ability of the CD2- bi ndi ng domain of LFA-3 to inhibit PHA dependent
PBL proliferation. 20 Taken together, the results indicated that

I nhibition of PBL proliferation by LFAﬁéEP I's due to Its LFA-3 donai n.
It will be recognized fromthe foregoﬁ description that a w de

vari ety of CD2-binding 25 pol ypeptides in addition to those specifically
mentioned, as well as fragnents and anal ogues of such pol ypepti des,

w Il be useful additigpal enbg&dfment sSof He pre I nvéobon. Al

such enbodi nent s, andgpot her enbodﬂﬁ?nts tRat’ are%%i ous‘?,r;@vi ew of the
teachings 30 herein, are specifically contenplated and are included

within the scope of the invention as defined in the foll ow ng clai ns.
B O U0 >

-

c
r

+1

FIG. 1A-1

1 CGACGAGCCATGGTTGCTGGGAGCGACGCGGGGCGGGCCCTGGGGGTCC

MetValAlaGlySerAspAlaGlyArgAlaLeuGlyValL
M54

-28

InGlnIleTyrGlyValvalTyriGl AanalThrPheHisValProSe
M57

uSerValValCysLeulLeuHisCysPheGlyPhelIleSerCysPheSer

51 CAGCGTGGTCTGCCTGCTGCACTGCTTTGGTTTCATCAGCTGTTTTTCC
101 AACAAATATATGGTGTTGTGTATGGGAATGTAACTTTCCATGTACCAAG

201 AGAACTGGAAAATTCTGAATTCAGAGCTTTCTCATCTTTTAAAAATAGGG
251 TTTATTTAGACACTGTGTCAGGTAGCCTCACTATCTACAACTTAACATCA



Host cells

sequences according to this invention
under the Budapest Treaty with American Type Culture S

Deposits

74" -,
har boring plasm ds bearing DNA

wer e deposited

1991. The

March 5,

Maryl and (USA) on
as follows:

Rockvi |l | e,

_deposited cultures are identified

Col I ection (ATCO),

(plasmd 10
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(plashid pl asm d host strain Accessi on No. cont ai ns)

pSAB152 E.coli JA221 68720 Hybrid DNA 5
sequence encodi ng LFA- 3.
si gnal sequence, N
termnal 92 am no acids of
LFA-3, 10 10 am no aci ds of
| gG1 hi nge region, Cerr]2
and 4/31 Cl.err]3 1gGlL constant
domai ns. 15 A bacteriophage and a bacterial strain carrying
a vector referred to herein were de ed under the Budapest Treaty
with In Vitro International, In .i m Maryland (USA) on May 28,
1987 and . May 24, 1983 respectively, a assi gned accession 20 nunbers
| VI-10133 and 1 VI-10170, Jrespectively.. These deposits were transferred
to the ATCC on June 20, [991. . JNe deposits are identified as:
" Desi gnation FACCeSSi on ) Description
[err]HT16[ [err] gt 10/ LFA-B] 75107 Contain 25
DNA encodi ng E. co@ﬁ | BGS ' 68791 full length
t ransmenbr ane . LFA-3
The foll ow ng hybrldodE tell lined referred 30 to herein were deposited
under the Budapest Tregty with ~
_ S / N\

- \

Ll

&)

10/ 102 0%
UNITS FLUORESGENCE

FIG. 2B

P

CELL NUMBER

2 3

10
UNITS FLUORESCENCE
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t he AﬁCC on March 5, 1991: Hybri doma Accessi on No.

Ant i body 7A6- 2E5 : HB 10695 7A6

1E6- 2C12 HB 10693 1E6 35 Wi |l e we have .
her ei nbef ore descri bed a nunber of enbodi ments of this invention, it is
apparent that our - basi c enbodi nents can be altered to provide other
enbodi nents that utilize the conpositions and processes of this

i nvention. Therefore, it will be appreciated _

- 76 - that the scope of this invention includes all alternative

enbodi nents and variations which are 5/3kfined in the foregoing -
.specification and by the cl ai ms appended hereto; and the invention is not
to be 5 limted by the specific enbodi nents that have been  presented

herei n by way. of exanpl e. F'G 2C

CELL NUMBER

o! 102 10°
UNITS FLUORESCENCE

FIG. 2D

CELL NUMBER

UNITS FLUORESCENCE



77 ' SEQUENCE LI STING (1) GENERAL :
| NFORVATI ON: (i) APPLI CANT: BI OGEN, | NC VALLNER,

Bar bara P. M LLER, denn T. ROSA,-
Mar gar et D. (ii1) TITLE OF I NVENTI ON: CD2- Bl NDI NG DOVAI N OF LYMPHOCYTE
FUNCTI ON ASSOCI ATED ANTIGEN 3 . (iii) NUMBER OF SEQUENCES: 43 (iv)
CORRESPONDENCE ADDRESS: (A) ADDRESSEE: Fish & Neave (B)
STREET: 875 Third Avenue - (C CdTY: New York (D) STATE:
New Yor k - (E) COUNTRY: U.S. Ag/3 (F) ZIP: 10022-6250

(v) COVPUTER READABLE FORM ( A} MEDI UM TYPE: Fl oppy di sk

- FlG 2E

1 of
Wl
o0
=
=
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|
-
Ll
(&)
10! 102 10°
UNITS FLUORESCENGE
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=
-
P
-
-4
(11 ]
QO

ol 102 103
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(B) COMPUTER | BM PC conpati bl e (C) OPERATI NG SYSTEM

PC- DOS/ Ms- DOS (D) SOFTWARE: Patentln Rel ease #1.0, Version #1.25
(vi) CURRENT APPLI CATI ON DATA: (A) APPLI CATI ON NUMBER: .
(B) FILING DATE: : (C CLASSI FI CATI ON: (vii) PRI OR APPLI CATI ON
DATA: (A) APPLI CATI ON NUMBER: US 07/667, 971 (B) FILING
DATE: 12- MAR-1991 (vii) PRI OR APPLI CATI ON DATA: ' (A
APPLI CATI ON NUMBER: US 07/770, 967 (B) FILING DATE: 07-COCT-1991
(viii) ATTORNEY/ AGENT | NFORVATI ON: (A) NAME: HALEY, Janes F., Jr.
(B) REG STRATI ON NUMBER: 27, 794 7/31(C) REFERENCE/ DOCKET NUMBER:
B151Cl P2 * (ix) TELECOVMUNI CATI ON | NFORNMATI ON: (A) TELEPHONE:
(212) 715- 0600 (B) TELEF 12 0673 (O . TELEX:
4 aser . FIG."2G
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UNITS FLUORESCENCE
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- 78 -» (2) | NFORMATI ON FOR SEQ I D NG 1: (i) SEQUENCE

CHARACTERI STI CS: - (A) LENGTH. 10 amino acids (B) TYPE
am no acid (C) STRANDEDNESS: single (D TOPOLOGY: .
l'i near (iii) HYPOTHETI CAL: NO (iv) ANTI-SENSE: NO (xi)
SEQUENCE DESCRI PTI ON: SEQ | D NO 1: Asn Arg Val Tyr Leu Asp Thr Val

Ser Gy 1 5 10 (2) | NFORVATI ON FOR
SEQ I D NO 2: (i) SEQUENCE CHARACHER STI CS: (A) LENGTH:. 50
am no aci ds (B) TYPE: am no acid " (C) STRANDEDNESS:
single (D TOPOLOGY: |i near (i11) HYPOTHETI CAL: NO (1v)

ANTI - SENSE: NO

FIG. 21
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FIG. 2J
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(xi) ‘SEQJENCE DESCRI PTI ON: SEQ | D NO 2: Phe Ser An dAnlle Tyr Gy

Val Val Tyr dy Asn Val Thr Phe H's 1 5

10 15 Val Pro Ser Asn Val Pro Leu Lys Gu Val Leu
Trp Lys Lys A n Lys 20 25

30 Asp Lys Val Ala Qu Leu Au Asn Ser G u Phe Arg Ala Phe Ser Ser

35 40 ' 9//83 Phe Lys 50

(2) I NFORMATI ON FOR SEQ I D NO 3: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH. 10.amino acids .(B) TYPE: amino acid (O
STRANDEDNESS: si ngl e (D TOPOLOGY: |inear (ii1i) HYPOTHETI CAL:
NO

_ - FIG. 2K

CELL NUMBER

-— e

109 10! 102 10%
UNITS FLUORESCENCE

FIG. 2L

CELL NUMBER

10° ol . 102 103
UNITS FLUORESGENGE



79 - (iv) ANTI-SENSE: NO (xi) SEQUENCE DESCRI PTION: SEQ I D NO 3:

Ser Leu Thr Ile Tyr Asn Leu Thr Ser Ser 1 5
10 (2) I NFORVATI ON FOR SEQ I D NO 4: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH: 20 am no acids (B) TYPE: am no acid (O
STRANDEDNESS: si ngl e (D) TOR . linear (iii1) HYPOTHETI CAL:
NO (iv) ANTI-SENSE: NO (xi) S DESCRI PTI ON:  SEQ I D NG 4:

- Thr Lys Pro Asp Leu Val Asp Lys Gy Thr A u Asp Lys Val Val Asp 1
5 10 15

Val Val Arg Asn
20 :

~ FlG.2M

CELL NUMBER

100 10! 102 103
UNITS FLUORESCENCE

FIG. 2N

CELL NUMBER

109 10! 102 0%
UNITS FLUORESCENCE



(2) 1 NFORMATI ON FOR SEQ | D NO 5: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH. 77 am no acids . (B) TYPE: am no acid (O
STRANDEDNESS: si ngl e (D) TOPOLOGY: |i near (iii) HYPOTHETI CAL:
NO - (iv) ANTI-SENSE: NO (xi) SEQUENCE DESCRI PTION: SEQ I D NQO 5:

Val AIaGIySer Asp Ala Ay Arg Ala Leu Ay Val Leu Ser Val Val 1

5 10 11131 Cys Leu Leu H's Cys Phe Gy
PheIIeSer Cys Phe Ser An Anlle - 20 25
30 Tyr Ay Val Val Tyr Ay Asn Val Thr Phe Hs Val Pro Ser Asn Val

35 ' 40 45

- 80 -

FIG. 3A

FIG. 3B

FIG. 3C




Pro Leu Lys Gu Val Leu Trp Lys Lys G n Lys Asp Lys Val Ala Gu 50

55 60 Leu Au Asn Ser Au Phe Arg Ala Phe Ser Ser
Phe Lys - 65 _ 70 75 (2) | NFORVATY ON
FOR SEQ I D NO 6: (i) SEQUENCE CHARACTERI STI CS: (A) LENGTH:
30 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS:
doubl e (D) TOPOLOGY: Ili near (ii1) HYPOTHETI CAL: NO (iv)
ANTI - SENSE: NO (xi) SEQUENCE DESCRI P3N SEQ I D NO 6: AATAGGGITT
ATTTAGACAC TGIGICAGGT : - - 30 (2)

| NFORVATION FOR SEQ ID NGO 7: (1) SEQUENCE CHARACTERI STI CS:

(A) LENGTH. 16 am no acids (B) TYPE: am no acid _ (O
STRANDEDNESS: si ngl e . _

FIG. 4
CHO MS7  MI16,3




(D) TOPOLOGY: |i near (iii) HYPOTHETI CAL: NO (iv) ANTI-SENSE: NO

(xi) SEQUENCE DESCRI PTION: SEQ ID NO 7: Lys Asn Arg Val Tyr Leu Asp
Thr Val Ser Gy Ser Leu Thr Ile Tyr 1 5 -
10 15 (2) | NFORMATI ON FOR SEQ I D NO 8: (1)
SEQUENCE CHARACTERI STI CS: . (A) LENGTH: 30 base pairs (B)
TYPE: nucleic acid (C) STRANDEDNESS: single (D)
TOPOLOGY: |i near (iii1) HYPOTHETI CABy3NO (1v) ANTI-SENSE: NO
- 81 - '
M57 CHO P24
- 1 10 '
| 2 34 56 7 89|0||.
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(A)

GCT GGG AGC GAC GCG GGG CGG
10 CTC AGC
96 Leu Ser

(iii)

(xi) SEQUENCE
15

i near

(i x) FEATURE
Ala Ay Ser Asp Ala Gy Arg

nucl eic acid

(i) SEQUENCE CHARACTERI STI CS:

9
5

TAATGGATTG CTAAGAAAGA ACTTCATGGT
(B) TYPE:

(D) TOPOLOGY:

Het”
Met Val

1

CGACGAGCC AT

(iv) ANTI-SENSE: NO
(B) LOCATI ON:
48

25

| NFORVATI ON FOR SEQ I D NG 9:

(A) LENGTH 1040 base pairs
(C) STRANDEDNESS: doubl e
Cys Leu Leu H's Cys Phe Gy Phe Ile Ser Cys Phe

(2)

GIG GIC TGC.-CTG CTG CAC TGC TTT GGI' TTC ATC AGC TGT TTT
Val

(xi)- SEQUENCE DESCRI PTION: SEQ I D NQO: 8:

HYPOTHETI CAL: NO

NAME/ KEY: CDS
DESCRI PTI ON:  SEQ I D NO 9:
GCC CTG GGG GIC

Ala Leu Ay Val

20

30"
Val

69
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TCC CAA CAA ATA TAT GGI' GIT GIG TAT GGG AAT GTA ACT TTC CAT GIA 144
I

Ser An dn e Tyr dy Vval Val Tyr Ay Asn Val Thir Phe H s Val 30

35 40 45 CCA AGC AAT GIG CCT TTA AAA @AG
GIC CTA TGG AAA AAA CAA AAG GAT 192 Pro Ser Asn Val Pro Leu Lys GQu
Val Leu Trp Lys Lys @ n Lys Asp 50 - 55

60 AAA GIT GCA GAA CTG GAA AAT TCT GAfAsFIEC AGA CGCT TTC TCA TCT TTT
240 Lys Val Ala Qu Leu Gu Asn Ser Au Phe Arg Ala Phe Ser Ser Phe

65 ' 70 _ 75 AAA AAT AGG GIT TAT TTA GAC ACT
GIG TCA GGI' AGC CTC ACT ATC TAC 288 Lys Asn Arg Val Tyr Leu Asp Thr
Val Ser Ay Ser Leu Thr Ile Tyr 80

90 AAC TTA ACA TCA TCA CAT GAA GAT GAG TAT GAA ATG GAA TCG CCA AAT -
336 Asn- Leu Thr Ser Ser Asp Gu Asp Gu Tyr Gu Met Gu Ser Pro Asn

95 100 105 ATT ACT G%I’ ACC ATG AAG TTC TTT
CTT TAT GIG CTT GAG T&X\CTT ogom g8@ Ilglﬁr As 'mr Met Lys Phe Phe
Leu Tyr Val Leu Qu Sbn{ Qeu P&.o.?&lo qa:: T hb5H 120
125

GAAGTTCTTTCTTTATGTGCTTGAGTCTCTTCCATCTCCCACACTAACTT
t LysPhePheLeuTyrValLeuGluSerLeuProSerProThrLeuT

hrC

sProMetGl

M 101

401 GTGCATTGACTAATGGAAGCATTGAAGTCCAATGCATGATACCAGAGCAT

M 102
FIG. 6A-2

sLvsArqgAsnSerThrSerIleTyrPhelysMetGluAsnAspl

ATGAAGATGAGTATGAAATGGAATCGCCAAATATTACTGATACCAT
sAlaLeuThrAsnGlySerIleGluvalGln sMetIleProGluHis

451 TACAACAGCCATCGAGGACTTATAATGTACTCATGGGATTGTCCTATGGA
501 GCAATGTAAACGTAACTCAACCAGTATATATTTTAAGATGGAAAATGATC

301 TCAG

351



-~ 82 - TCT CCC ACA CTA ACT TGI GCA TTG ACT AAT GGA AGC ATT GAA GIC CAA
432 Ser Pro Thr Leu Thr Cys Ala Leu Thr Asn Ay Ser Ile Qu Val Gn

130 135 140° TGC ATG ATA CCA GAG CAT TAC-
AAC AGC CAT CGA GGA CIT ATA ATG TAC 480 Cys Met Ile Pro Qu His Tyr
Asn Ser Hs Arg Gy Leu Ile Mt Tyr 145 150

155 TCA TGG GAT TGI CCT ATG GAG CAA TGI AAA CGT AAC TCA ACC AGT ATA
528 Ser Trp Asp Cys Pro Met Au A n Cyd6¥$d Arg Asn Ser Thr Ser Ile

160 165 ,. . 170 TAT TTT AAG ATG GAA AAT GAT -
CTT CCA CAA AAA ATA CAG TGT ACT CTT 576 Tyr Phe Lys Met G u Asn Asp
Leu Pro @dn Lys Ile @dn Cys Thr Leu 175 180

185 AGC AAT CCA TTA TTT AAT ACA ACA TCA TCA ATC ATT TTG ACA ACC TGrT
624 Ser Asn Pro Leu Phe Asn Thr Thr Ser Ser Ile Ile Leu Thr Thr Cys 190

195 _ 200 _ 205 ATC CCA AGC AGC GGT)gCATgTCA
AGA CAC AGA TAT_CGCA C T ATA CCC ATA 6724 & ProsSeraSerad Yo H sy Ser
Arg His Arg TyrgA%a Leu?-.l e Pr@:ére 83 oN 2@ © v o 215

o
220 CCA TTA GOR ‘@TA ARP ACA ACANGT ATTGTG CREVTAT AP AT & AT
720 Pro Leu Ala Val Ile Thr Thr Cys Ile Val Leu Tyr Met Asn Ay lle

225 ] 230, | . . 5 AAA TGT (GAC AGA .ABA CCA
GAC AGA ACC ANCSTEE AATSIBATTGR B 8;2::'3769 U Lys Bys Asp & g Bys Pro
Asp Arg Thr Asn Asr O 0 5 24? 5o
250 P [0} O O <« .
o 8' P+ é
0 3
7] N &
@ e 3]
o 3] <
. . m . 2 '8 . . . » . .
2 3 %
(@) ()] .
5 —
“’ a k3]
y EE @
0 (e
. . o . P | . . . . . . .
mn 3
© o
8 o
O 2
L.

alLeuTeretAsnGlyI1eLeuLysCysAspArgLysProAspArgT
751 AACTCCAATTGATTGGTAACAGAAGATGAAGACAACAGCATAACT

sArgTyrAlaLeulleProlIleProLeuA

601 TCA‘I‘CA,ATCATTTTGACAACCTGTATCCCAAGCAGCGGTCATTCAAG?\
AsnSerAsn

651 CAGATATGCACTTATACCCATACCATTAGCAGTAATTACAACATGTAT
801 ATTTTAAAAACTAAAAAGCCATCTGATTTCTCATTTGAGTATTAC
851 TTGAACAACTGTT_GGAAATGTAACTTGAAGCAGCTGCTTTAAG

901 ACCCACTAACAAAGAACAAGCATTAGTTTTGGCTGTCATCAACTT
951 ATGACTAGGTGCTTGCTTTTTTTGTCAGTAAATTGTTTTTACTGAT

701 TGCTGTATATGAATGGTATTCTGAAATGTGAC
1001 TAGATACTTTTGTAAATAAATGTAAATATGTACACAAGTG



GAGAA&-IATGA AGACAACAGC ATAACT AAAT TATTTTTAAAA ACTAAAAAGC CATCTGATTT 829
CFCATTTGAG TATTACAATT TTTGAACAAC TGITGGAAAT GIAACTTGAA GCAGCTGCTT 889

TAAGAAGAAA TACCCACTAA CAAAGAACAA GCATTAGITT TGGCTGICAT CAACTTATTA 949
TATGACTAGG TGCTTGCCTTT TTTTGTCAGT AAATTGITTT TACTGATGAT GTAGATACTT 1009
TTGTAAATAA ATGTAAATAT GTACACAAGT G _ 1040
(2) 1 NFORVATI ON FOR SEQ I D NG 10:. (i) SEQUENCE CHARACI ERI STI CS:
(A) LENGTH 250 ami no acids i7,31(B) TYPE: amno acid
(D TOPOLOGY: |inear (ii) MOLECULE TYPE: protein (xi)
SEQUENCE DESCRI PTI ON: SEQ | D NO 10:
- 83 - . :

FIG. 7A

FIG. 7B




Met

Phe
30
35
Lys
60
70
Ser
95
100
Val
125
130
. Arg
155
Ile

GQu

Ala Ay

Cys
Ay

Ser
Tyr

dn
Leu

Lys Lys

Au

Thr
Ser

I'le
Asp

Leu
Ser

Leu A u Ser

Leu Thr Cys Al a

Ser Asp Ala Ay Arg Ala Leu Ay Val Leu Ser Val

10 15 Val
Phe Ser G n dn 20
Val Val Tyr dy Asn Val Thr Phe H's Val Pro
40 45 Val Pro Leu Lys
Asp Lys Val Al a B 31 55
Asn Ser Qu Phe Arg Ala Phe Ser Ser Phe Lys
75 80 Val Tyr Leu Asp
Tyr Asn Leu Thr 85
GQu Asp Au Tyr Qu Met Qu Ser Pro Asn Ile
105 110 Thr Met Lys Phe
Leu Pro Ser Pro Thr _ 115
Leu Thr Asn Ay Ser Ile Qu Val dn Cys

135

140 Pro Qu H's Tyr

Gy Leu Ile Met Tyr Ser Trp -Asp 145

Tyr . Phe Lys

150

160 Cys Pro Met Gu A n Cys Lys Arg Asn
165

170

Ser
Au

Asn
Thr

Thr

Met
Asn Ser

1

Cys Leu Leu H's Cys Phe Ay

25 .

Asn

Val Leu Trp

Arg 65

Val Ser Ay
90

Asp

Phe Leu Tyr

120
Il e
Hi s

Ser Thr Ser

175



Met= G n Asn Asp Leu Pro @ n Lys IIe A@n Cys Thr Leu Ser Asn Pro

180 185 190 - Leu Phe Asn Thr Thr Ser Ser
Ile Ile Leu Thr Thr Cys Ile Pro-Ser 195 - 200

205 Ser Gy His Ser Arg Hi s ArgTyrAIaLeuIIe Pio Ile Pro Leu Al a
210 215 220 Val Ile Thr Thr Cys IIe Val
Leu Tyr Met Asn Gy Ile Leu Lys Cys 225 230

235 240 Asp Arg Lys Ib|903Asp Arg Thr Asn Ser Asn

245 : 250 (2) | NFORMATI ON FOR SEQ I D NO 11: (1)

SEQUENCE CHARACTERI STI CS:
(B) TYPE: nucleic acid

84 - FIG. 8A

(A LENGTH 863 base pairs

FIG. 8B

FIG. 8C

-
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85

100
lLeu Thr

Pro Thr
130

Leu Thr

Leu d u Ser

Ser STEPAsp Cys Pro
O WO _
o0 00 O

go

95
Hs Arg Ay Leu Ile 140

155, ATG TAC TCA TGG GAT TGI CCT

Ser Ay Ser
o
~

53QMet T

338 Ile Tyr Asn Leu Ihr Ser Ser

90 ATC TAC AAC TTA ACA TCA TCA
434 Leu Pro Ser

120 CTT CCA TCT CCC ACA CTA ACT

he Leu Tyr Val

o
n
\O

125

o
o
o

CA ACC

Met Lys ﬂ]ﬁf)

TGT GCA TTG ACT AAT GGA AGC ATT GAA-

Cys Ala Leu Thr Asn Ay Ser

Leu Asp Thr Val
Ile Au
n

Tyr
lle Pro Gu H's Tyr Asn Ser

85

115
150

170

G n Cys Met
<t

*

Ser, Phe Lys Asn Arg Val

80

135 GIC CAA TGC ATG ATA CCA GAG CAT. TAC AAC AGC CAT CGA GGA CTT ATA .

482 Val

105 CCA AAT ATT ACT GAT ACC ATG AAG TTC TTT CTT TAT GIG CTT GAG TCT
145

GAT GAA GAT GAG TAT GAA ATG GAA TCG
Asp Gu Asp Gu Tyr u Mett A u Ser
386 Pro Asn Ile Thr Asp Thr

Met Au @n Cys @s Arg°>Asn ér Thr

110

ATG GAG CAA TGT AAA CGI AAC

165
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AGT- ATA TAT TTT AAG ATG CAA AAT CAT CTT CCA CAA AAA ATA CAG TGT 578
Ser Ile Tyr Phe Lys Met G u Asn Asp Leu Pro A n Lys Ile @ n Cys

175 180 185 ACT CTT AGC AAT CCA TTA TTT .
AAT ACA ACA TCA TCA ATC ATT TTG ACA 626 Thr Leu Ser Asn Pro Leu Phe. .
Asn Thr Thr Ser Ser Ile Ile Leu Thr _ 190 195

200 ACC TGI ATC CCA ACGC AGC GGT CAT T CAC AGA TAT GCA CTIT ATA

674 Thr Cys Ile Pro Ser Ser Ay His Ser ‘/Arg Hs Arg Tyr Ala Leu Ile 205
210 215 CCC ATA CCA TTA GCA GTA ATT ACA ACA TGT ATT GIG
CTG TAT ATG AAT 722 Pro Ile Pro Leu Ala Val Ile Thr Thr Cys Ile Val
Leu Tyr Met ‘Asn 220 225 _ 230 ' '
235 GGIATG TAT GCT TTT TAAAAACAAAA ng TGCATTG TTTTCCAAAG

777 Ay Met Tyr Ala Phe__- ’ T AGTTTAAGGA
TGAAAATAAA GTTTGAAATT TF\GACATTT GAAAAAAAAA 837 AAAAAAAAAA AAAAAAAAGC
GGCCGC . ' 863  (2) | NFORMATI ON FOR
SEQ I D NO 12: (1) IMUENCE CHARACTERI STI CS: (A

LENGTH: 240 amino acids[™ (B) TYPE: am no acid (D)

TOPCOLOGY: |inear

CELL NUMBER

100 1ol 102 103
UNITS FLUORESCENCE

- FIG. 10B

CELL NUMBER

100 ol 102 103
UNITS FLUORESCENCE



(i i) MOLECULE TYPE: protein

Met Val Ala Ay Ser Asp Ala Gy Arg Ala Leu Ay Val Leu

5
Phe 1l e Ser
30 Ile Tyr
35
Lys Lys @n
60 du Leu
.70
Ay Ser Leu
95
Gu Tyr du

10
Cys Phe Ser
Gy Vval Val

40
Lys Asp Lys
A u Asn Ser

75
Thr 1le Tyr
Met du Ser

. 15
Adn dn
Tyr Ay Asn Val Thr

Val Al a 5%)3%31
A u Phe Arg Al a Phe

. 80
Asn Leu Thr

Val
20

Cys Leu

Phe H s Val

Val Pro Leu

Ser
Val

Ser Phe
Tyr
85

- 86 -

Pro Asn Ile Thr Asp -

' FIG. 11

Leu Asp Thr Val

(xi) SEQUENCE DESCRI PTION: SEQ I D NO 12:

Ser Val 1

Leu Hs Cys Phe Ay
25

Pro Ser Asn

Lys du Val

55

Lys Asn Arg 65

Ser

Leu Trp

90

Ser Ser Asp G u Asp

LFA-3

v
) _\\
( {
7 7
A

<
HUMAN IgGl



175

Ile .
Hi s
Ser

Ser

140 Pro GQu His Tyr Asn . Ser
Ser

200
Leu Al a

220 8/a| I8e Th& Thr ys I1fe Val

o
o

'y' Met ~Tyr ANa Ph&¥ 225 ™
(2)

120

G n Cys Met
150
n Cys Lys Arg Asn Ser Thr
- 170 :
Asnh- Pro

Met Lys Phe Phe Leu Tyr
Leu Ser

115

lle du Val
190 Leu Phe Asn Thr Thr

110 Thr

A )51

165
Met Gu Asn Asp Leu Pro Gn Lys Ile @n Cys Thr

Pro Thr

125 Leu Thr Cys Ala Leu Thr Asn @y Ser
160 Cys Pro Met

105
Leu Pro Ser
135
Arg Ay Leu Ile Met Tyr Ser Trp Asp 145
185

100-

Val Leu @ u Ser
130

155

Ile Tyr Phe Lys
180

(B)
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(i) ANTI - SENSE: NO (xi) SEQUENCE DESCRI PTION: SEQ I D NO 14:

AACTTTATCC TTTTGATTGC TTGGTACATG 30
(2) | NFORVATI ON FOR SEQ I D NO 15: (1) SEQUENCE CHARACTERI STI CS: R
(A) LENGTH 30 base pairs (B) TYPE: nucleic acid (O
"STRANDEDNESS: si ngl e (D TOPOLOGY: |inear (iii1) HYPOTHETI CAL:
NO (iv) ANTI-SENSE: No (xi) SEQUENCE DESCRI PTION: SEQ I D NG 15:
ACCTCTGAAT TCAGATTTTT TCCATAGGAC 26/31 30
(2) | NFORVATI ON FOR SEQ I D NG 16: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH:. 30 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: si ngl e :




(D= TOPOLOGY: | i near (iii) HYPOTHETI CAL: NO (iv) ANTI-SENSE: NO
(5i) SEQUENCE DESCRI PTION: SEQ I D NO 16: TAAATAAACC CTATTATTTT CCAGTTCTGC

30 (2) 1 NFORVATION FOR SEQ I D NG 17: (1) SEQUENCE -
-~ ~CHARACTERI STI CS: (A) LENGTH: 30 base pairs (B) TYPE:

nucleic acid (C) STRANDEDNESS: single - (D TOPOLOGY:

| i near (iii) HYPOTHETI CAL: NO $i7\//%1Al\ﬂ'I - SENSE: NO

- 88 - .

FIG. I14A
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*E‘x#@v SEQUENCE DESCRI PTI ON: SEQ I D NO 17: GIAGATAGIG AGGCTTTAA AAGATGAGAA

30%  (2) | NFORVATI ON FOR SEQ | D NQO: 18: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH 30 base pairs- (B) TYPE: nucleic acid - (O .
STRANDEDNESS: si ngl e (D) TOPOLOGY: |inear (iii) HYPOTHETI CAL:
NO (iv) ANTI-SENSE: NO  (xi) SEQUEN@E1DESCRI PTION: SEQ I D NO 18: -
ATACTCATCT TCATCACCTG ACACAGTGTC 30
(2) | NFORMATI ON FOR SEQ | D NO 19: (i) SEQUENCE CHARACTERI STI CS:
A) LENGTH. 30 b i B PE: | ei i d C
(ST??ANDEDNESS: si ﬁsle'epal " Ellﬁ&aa\( |inﬁga$| ¢ et (9
70000+ :
3 _ -8 | E6
600004 —e— LFA3TIP
500003 —4— HUMAN 1gG
40000 |
= > .
300004 o
i MEDIUM 60381 CPM
200004
3
1 00004 |
p
0.001 0.01 0.l i 10
MG/ML
| 00 g -
90 ALL CONCENTRATIONS
ARE O.lug/mi
2
o
=
@
. I
=
R
OEO

7A6

| E6

Ts2/18
LFA31gG A
LFA31gG 72A
higG

PI-LFA3
CD4-—IgG
mock



i isi ) HYPOTHETI CAL: NO (iv) ANTI-SENSE:. NO (xi) SEQUENCE
£SCRIPTION: SEQ I D NO 19:  GGTATCAGTA ATATTTGATG ATGTTAAGIT

30 (2) I NFORVATI ON FOR SEQ I D NG 20: (1) SEQUENCE CHARACTERI STI CS:
(A) LENGTH 30 base pairs - (B) TYPE: nucleic acid (O

STRANDEDNESS: si ngl e (D) TOPOLOGY: linear (iii1) HYPOTHETI CAL:
NO (iv) ANTI-SENSE: NO - 29/31 ' - 89

(xi) SEQUENCE DESCRI PTION: SEQ I D NG 20:

FIG. 17
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~_ AGACTCAAGC ACATATGGCG ATTCCATTTC S 30

#2) | NFORMATI ON FOR SEQ | D NO 21: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH 30 base pairs (B) TYPE: nucleic acid (O.
STRANDEDNESS: si ngl e . (D TOPOLOGY: |inear (iii) HYPOTHETI CAL:
NO (1v) ANTI-SENSE: NO (xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 21:
CAATGCACAA GTTAGAAGA AGAACTTCAT 30/ : 30
(2) I NFORVATI ON FOR SEQ | D NO 22: (3il) SEQUENCE CHARACTERI STI CS:

(A). LENGTH: 30 base pairs _ (B) TYPE: nucleic acid (O
STRANDEDNESS: single (D TOPOLOGY: |inear - (1i1i) HYPOTHETI CAL:
NO . _

FIG. 18
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s

¥
\(J‘N) ANTI - SENSE:  NO
€ATGCATTGG ACTTCTGTGG GAGATGGAAG
(2) | NFORMATION FOR SEQ I D NO 23:

(xi) SEQUENCE DESCRI PTION: SEQ | D NO 22:

(1) SEQUENCE CHARACTERI STI CS:

(A) LENGTH: 30 base pairs (B) TYPE: nucleic acid
" STRANDEDNESS: si ngl e . (D TOR@LQE3Y: |inear (iii1) HYPOTHETI CAL:
NO (iv) ANTI-SENSE: NO -
' (xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 23: - TCCTCGATGG CTGT TAATGC
TTCCATTAGT _ _ 30
300000+
250000 - N
200000 \\;/
< : \/
& 150000 ;a\\fj
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(2) | NFORMATI ON FOR SEQ | D NO 24: (i) SEQUENCE CHARACTERI SJLCS! e

(A) ¢ENGTH: 30 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: si ngl e (D) TOPOLOGY: |i near (iii) HYPOTHETI CAL
NO (iv) ANTI-SENSE: NO (xi) SEQUENCE DESCRI PTI ON: SEQ | D NG 24:
CATAGGACAA TCCCAGTAAT GCTCTGGTAT : 30
(2) I NFORVATI ON FOR SEQ I D NO 25: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH 30 base pairs (B). TYPE: nucleic acid (O
STRANDEDNESS: si ngl e (D) TOPOLOGY: i near (iii) HYPOTHETI CAL:
NO . (1v) 'ANTI - SENSE: NO

CD2-BINDING DOMAIN OF LYMPHOCYTE
FUNCTION ASSOCIATED ANTIGEN 3

This invention relates to DNA sequences
5 encoding and polypeptides which comprise the
CD2-binding domain of Lymphocyte Function Associated
Antigen 3 ("LFA-3") and to recombinant DNA molecules
for expression of those polypeptides. In accordance
- with this invention, unicellular hosts transformed with
10 the DNA sequences and recombinant DNA molecules
containing these DNA sequences may be prepared and used
to produce proteins and polypeptides comprising the
CD2-binding domain of LFA-3. The peptides,
polypeptides and proteins of this invention are useful
15 in the study of interactions between CD2 and LFA-3, in
diagnostic and therapeutic compositions, in antibody
screening or purification methods and in other methods
of this invention.

20 T-lymphocytes play a major role in the immune
response by interacting with target and antigen.
presenting cells. T~lymphocyte-mediated killing of
target cells is a multi-step process involving adhesion
of cytolytic T-lymphocytes to target cells. The

25 initiation of the immune response to most antigens
involves adhesion of helper T-lymphocytes to antigen-
presenting cells.
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(xi) SEQUENCE DESCRI PTION: SEQ I D NO 25:  TATACTGGIT GAGITTGAGI ACATTATAAG

30 & (2) | NFORMVATI ON FOR SEQ I D NO 26: (i) SEQUENCE CHARACTERI STI Cs:
(A) LENGTH 30 base pairs (B) TYPE: nucleic acid (O

STRANDEDNESS: si ngl e (D) TOPOLOGY: |inear (iii) HYPOTHETI CAL
NO (1v) ANTI-SENSE: NO -91-

(xi.) SEQUENCE DESCRI PTI ON: SEQ I D NQ:%Q:_ TTGTGGAAGA TCATTACGIT TACATTGCTC
30 :

eposits

Host cells harboring plasmids bearing DNA
sequences according to this invention were deposited
under the Budapest Treaty with American Type Culture

5 Collection (ATCC), Rockville, Maryland (USA) on
March 5, 1991. The deposited cultures are identified
as follows: -

Description:
(plasnmid
10 _ ' contains DNA
plasmid host strain Accession No. for:)
PPYMS57 E.coli Ja221 68545 M57 deletion
- _ mutant
PPMDRMS4~6 E.coli JA221 68542 M54 deletion
15 : nutant
pPMDRMS5-9 E.coli Ja221 68546 M55 deletion
' . mutant
pPMDRMS6-C E.coli JA221 68551 MS56 deletion
mutant
20 pPMDRMSE8-15 E.coli JA221 68547 M58 deletion
' mutant
pPYM63-4 E.coli JA221 - 68544 M63 deletion
mutant
pPYMES5~8 .coli JA221 68552 M65 deletion
25 : ' nutant
pPMDRHlOO-4 E.coli JA221 68550 . M100 deletion
. : mutant
pPMDRM101-1 E.coli JA221 ’ 68543 M101 deletion
. : mutant
30 pPMDRM102-8 E.coli JA221 68548 M102 deletion
mutant
pPPMDRM3-10 E.coli JA221 68549 PIM3 deletion
' mutant

A host cell harboring a plasmid according to this
35 invention was deposited under the Budapest Treaty with the
ATCC on October 1, 1991 is identified as follows:
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(2) | NFORMATI ON FOR SEQ | D NO 27: (i) SEQUENCE CHARACTERI STI CS:

10

20

25

30

35

(A)#LENGTH: 30 base pairs (B) TYPE: nucleic acid ‘O
STRANDEDNESS: si ngl e (D) TOPOLOGY: |i near (iii) HYPOTHETI CAL
~NO (iv) ANTI-SENSE: NO (xi) SEQUENCE DESCRI PTION: SEQ | D NG 27:
TAATGGATTG CTAAGITCCA TCTTAAAATA | =25 - 30
(2) | NFORVATI ON FOR SEQ | D NG 28: ' (i) SEQUENCE CHARACTERI STI CS
(A)" LENGTH: 30 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: si ngl e (D) TOPOLOGY: |inear Ddsdz JptdeHITHETI CAL:
NO (iv) ANTI-SENSE: NO (xi) SEQUENCE DESCRI PTI Qp1 d D NO 28:
plasmid host strain Accession Wo. _contains)
pSAB152 E.coli JA221 68720 Hybrid DNA
5 sequence encoding

LFA-3 signal
sequence, N-
terminal 92 amino
acids of LFA-3,
10 amino acids of
IgGl hinge
region, Cy2 and
C,3 IgGl constant
domains.
A bacteriophage and a bacterial strain

carrying a vector referred to herein were deposited

under the Budapest Treaty with In Vitro International,

Inc., Linthicum, Maryland (USA) on May 28, 1987 and

May 24, 1988, respectively, and assigned accession

numbers IVI-10133 and IVI-10170, respectively. These

deposits were transferred to the ATCC on June 20, 1991.

The deposits are identified as:

Designation Accession No. Description
AHT16 {Agt1l0/LFA-3] 75107 Contain
DNA encoding
E.coli, BGS8 68791 full length
transmembrane
LFA-3

The following hybridoma cell lines referred
to herein were depoéited under the Budapest Treaty with
the ATCC on March 5, 1991: .

Hybridoma Accessiqn No. Antibody

7A6-2E5 - HB 10685 7TA6
1E6-2C12 - HB 10693 1Eé6

While we have hereinbefore described a number
of embodiments of this invention, it is apparent that
our basic embodiments can be altered to provide other
embodiments that utilize the compositions and processes
of this invention. Therefore, it will be appreciated
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TGICAAAATG ATTGAAGTAC ACTGTATTTT

- 30
(2)# | NFORVATI ON FOR SEQ | D NO 29: (i) SEQUENCE CHARACTERI STI CS:
(A) -LENGTH: 30 base pairs’ (B) TYPE: nuecleic acid (O
STRANDEDNESS: si ngl e (D) TOPOLOGY: |inear (iii) HYPOTHETI CAL:
NO (1v) ANTI-SENSE: NO _
92 (xi) SEQUENCE DESCRI PTI ON.. SEQ I'D7RC 29: TCTTGAATGA CCGCTTGATG
TTGTATTAAA :

. .30
SEQUENCE LISTING

(1) GENERAL INFORMATION:

(1)

(ii)

(1ii)

(iv)

(v)

(vi)

(vii)

{vii)

(viii)

(ix)

APPLICANT: BIOGEN, INC.
WALLNER, Barbara P.
MILLER, Glenn T,
ROSA, Margaret D.

TITLE OF INVENTION: CD2-BINDING DOMAIN OF LYMPHOCYTE
FUNCTION ASSOCIATED ANTIGEN 3

NUMBER OF SEQUENCES: 43

CORRESPONDENCE ADDRESS:

(A) ADDRESSEE: Fish & Neave
(B) STREET: 875 Third Avenue
(C) CITY: New York

(D) STATE: New York

(E) COUNTRY: U.S.A.

(F) ZIP: 10022-6250

COMPUTER READABRLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFIWARE: Patentln Release #1.0, Version #1.25

CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
(B) FILING DATE:

(C) CLASSIFICATION:

PRIOR APPLICATION DATA: _
(A) APPLICATION NUMBER: US 07/667,971
(B) FILING DATE: 12-MAR-1991

PRIOR APPLICATION DATA:"
(A) APPLICATION NUMBER: US 07/770,967
(B) FILING DATE: 07-0CT-1991

ATTORNEY/AGENT INFORMATION:

(A) NAME: HALEY, James F., Jr.

(B) REGISTRATION NUMBER: 27,794

(C) REFERENCE/DOCKET NUMBER: B151CIP2

TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: (212)715-0600
(B) TELEFAX: (212)715-0673
(C) TELEX: 14-8367
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(2) I NFORVATI ON FOR SEQ | D NO 30: (i) SEQUENCE CHARACTERI STI CS:

(A)i-LENGTH: 30 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: si ngl e (D) TOPOLOGY: |i near (rii)
HYPOTHETI CAL: NO (iv) ANTI-SENSE: NO (xi) SEQUENCE DESCRI PTI ON: SEQ

I D NO 30: ATACTCATCT TCATCATACA CAACACCATH -

30 2) 1 NFORVATLON D, NQ 31: i ) SEQUENCE CHARACTERI STI CS:
(A) LE(NG)TH: gggbgggnwﬁggf%ﬁ_%q IW"(%} TYPE: Elluzzleic aci d (O -

STRANDEDNESS: si ngl.e :.Eﬁ; OGY: |inear (iii) HYPOTHETI CAL:
. CHARA I : \ .
NO (iv) ANFI -@ém&%’ﬁﬁgm: Lo SERENCE DESCRI PTI ON: SEQ | D NO: 31:

(B) TYPE: aminp acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(iii) HYPOTHETICAL: NO-
(iv) ANTI-SENSE: NO
(x1) SEQUENCE DESCRIPTION: SEQ ID NO:1:

Asn Arg Val Tyr Leu Asp Thr Val Ser Gly
1 ' 5 10

(2) INFORMATION FOR SEQ ID NO:2:
(1) SEQUENCE CHARACTERISTICS:

(A) LENGIH: 50 amino acids
{B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(1ii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:2:

Phe Ser Gln Glan Ile Tyr Gly Val Val TIyr Gly Asn Val Thr Phe His
5 - 10 15

Val Pro Ser Asn Val Pro Leu Lys Glu Val Leu Trp Lys Lys Gln Lys

20 25 30
Asp Lys Val Ala Glu Leu Glu Asn Ser Glu Phe Arg Ala Phe Ser Ser
35 40 45
Phe Lys
50

(2) INFORMATION FOR SEQ.ID NO:3:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 10 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(iii) HYPOTHETICAL: NO.

This is the replacement sheet
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CATAGGACAA TCCCATGATG ATGITAAGIT 30

(2) F NFORMATI ON FOR SEQ I D NO 32: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH 30 base pairs : (B) TYPE: nucleic acid (O
STRANDEDNESS: si ngl e (D) TOPOLOGY: |inear (iii) HYPOTHETI CAL
NO (iv) ANTI-SENSE: NO -79 - - 93

(xi) SEQUENCE DESCRI PTION: SEQ I D NO 32: TCTTGAATGA CCCCTTGAGT

ACATTATAAG | . 30 (2) | NFORMATI ON FCR
SEQ | D NO 33: {(iv) ANTI-SENSE: NO

" (xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:

Ser Leu Thr Ile Tyr Asn Leu Thr Ser Ser
1 5 _ 10

(2) INFORMATION FOR SEQ ID NO:4:
(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 20 amino acids
{B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(i1i) KYPOTHETICAL: NO

(iv) ANTI-SENSE: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:

Thr Lys Pro Asp Leu Val Asp Lys Gly Thr Glu Asp Lys Val Val Asp
1 5 10 . 15

Val Val Arg Asn
20

(2) INFORMATION FOR SEQ ID NO:S:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 77 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii%) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:

Val Ala Gly Ser Asp Ala Gly Arg Ala Leu Gly Val Leu Ser Val Val
1 5 10 15

Cys Leu Leu His Cys Phe Gly Phe Ile Ser Cys Phe Ser Gln Gln Ile
20 25 30

Tyr Gly Val Val Tyr Gly Asn Val Thr Phe His Val Pro Ser Asn Val
35 40 45

This is the replacement sheet
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(i) SEQUENCE CHARACTERI STI CS: (A) LENGTH 32 anino acids

(B): TYPE: am no acid. (C) STRANDEDNESS: single (D) -
TOPOLOGY: | i near (iii1) HYPOTHETI CAL: NO (1v) ANTI-SENSE: NO

(xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 33: Ser Leu Thr Ile Tyr Asn Leu
Thr Ser Ser Asp Qu Asp Gu Tyr Gu . 8d - 5

10 ' - 15 Met Qu Ser Pro Asn Ile Thr Asp Thr Met Lys

Phe Phe Leu Tyrpe¥aleu Lys Glu Val Leu Trp 49s Lys Gln Lys Asp Lys %2l Ala Glu
30 (2) 1 NFORVATSEON FOR SEQ | D N&s34: (i ; SFOQUENCE CHARACTERI STI CS:

(A) LENGTH: 24 base pairs (B) TYPE: nucleic acid . (O
STRANDEDNESS: giefigtla: Asn Ser Glu FHe) AT RIR XRE: Séx 1SearPhe Lygiii) HYPOTHETI CAL:
NO (iv) ANBS-SENSE: NO 70 75

(2) INFORMATION FOR SEQ ID NO:6:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear
(111) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:

AATAGGGTIT ATTTAGACAC TGIGTCAGGT 30

{2) INFTORMATION FOR SEQ ID NO:7:
(i) SEQUENCE CHARACTERISTICS:
: (A) LENGTH: 16 amino acids
(B) TYPE: amino acid
(C) STRANDZDNESS: single
(D) TOPOLOGY: linear
(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:

Lys Asn Arg Val Tyr Leu Asp Thr Val Ser Gly Ser Leu Thr Ile Tyr
1 5 10 15

(2) INFORMATION FOR SEQ ID NO:8:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(i1i) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
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(i x) FEATURE:

(xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 34:

24 " Asp

(A) NAVE/

Lys Thr H's Thr Cys

| NFORVATI ON FOR SEQ | D NO 35:

(A) LENGTH 6
(B) TYPE: am

am no aci ds
no acid

KEY: CDS
1

(D) TOPOLOGY: |
MOLECULE TYPE: (x#)0SEQUENCE DESCRIPTIQN:SEEQENCGE:BESCRI PTI ON: SEQ | D NO. 35:

TAATGGATTG CTAAGAAAGA ACTTCATGGT

(2) INFORMATION FOR SEQ ID NO:9:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1040 base pairs

(B) TYPE: nucleic
(C) STRANDEDNESS:

acid
double

{D) TOPOLOGY: linear

(iil) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO

(ix) FEATURE:
(A) NAME/KEY: CDS

(B) LOCATION: 10..759

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:

(B) LOCATION: 6..23
TCGTC GAC AAA ACT CAC ACA TGC C
(2
(i) SEQUENCE CHARACTERI STI CS:

5

i near

CGACGAGCC ATG GIT GCT GGG AGC GAC GCG GGG CGG GCC CTG GGG GTC

CIC
Leu

TCC
Ser
30

CCA
Pro

AAA
Lys

AAA
Lys

AAC
Asn

- ATT
Ile
110

1

AGC GTG GIC TGC CTG CIC
Ser Val Val Cys Leu Leu
15 20

CAA CAA ATA
Gln CGln Ile

TAT GGT GTT
Iyz Gly Val
35

AGC AAT GIG
Ser Asn Val

CCT TTA AAA
Pro Leu Lys
50

GIT GCA GAA
Val Ala Glu
- 65

CTG GAA AAT

AAT AGG GIT
Asn Arg Val
- 80

TAT TTA GAC
Tyr Leu Asp

TTA ACA TCA
Leu ‘Ih_r Ser
95

TCA GAT GAA
Ser Asp Glu
100

ACT GAT ACC
Thr Asp Thr

ATG 2AG TTIC
Met Lys Phe
115

Leu Glu Asn

CAC TGC

His Cys Fhe Gly

GIG TAT
Val Tyr

GGG AAT
Gly Asn
40

GAG GTC
Glu Val

CIA TIGG

Leu Trp
55

TCT GAA
Ser Glu
70

TIC AGA
Phe Arg

‘ACT GTG
Thr Val
85

TCA GGT
Ser Gly

GAT GAG TAT GAA
Asp Glu Tyr Glu

TIT CIT
Phe Leu

TAT GIG
Tyr Val
120

Phe
25

GTIA
Val

AAA
Lys

GCT
Ala

AGC
Ser

ATIG
Met
105

CTT
Leu

Met Val Ala Gly Ser Asp Ala Gly Arg Ala Leu.Gly Val
5 10 :

TTT GGT TIC AIC AGC TGT TIT

Ile Ser Cys Phe

ACT TTC CAT GTA

(i)

Thr Phe His Val

45

AAA CAA AAG GAT
Lys Gln Lys Asp
60

TTC TCA ICT TIT
Phe Ser Ser Phe
75

CTC ACT ATC TAC
Leu Thr Ile Tyr
20 :

GAA TCG CCA AAT
Glu Sexr Pro Asn

GAG TCT CIT CCa
Glu Ser Leu Pro
125

30

48

96

164

192

240 .

288

336

384

94 -
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Asp Lys Thr His Thr Cys 1 5 (2) | NFORMATI ON FOR SEQ I D

NO. 36: (i) SEQUENCE CHARACTERI STI CS: (A) LENGTH: 24 base
pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single
(D) TOPOLOGY: |inear (iii) HYPOTHETI CAL: NO (iv) ANTI-SENSE: NO

(xi) SEQUENCE DESCRI PTION:- SEQ I D NG 36: GIAAATGAGT GCGGECGECCG CCAA

24 (2) 1 NFORMVATI ON FOR SEQ I D NO 37+ 82 i) SEQUENCE CHARACTERI STI CsS:

(A) LENGTH 115 base pairs B) TYPE: nucleic acid (O
STRANDEDNEDSE C&6¢ CIA ACT TGT GCA E‘G BADGIGA AGRAFE GAA GTQ iCAA) 432
HYPOTHET| Cgx Prp 3hz Lau mmysp_ﬂsEu\N@m Asn Gly Ser Ile Glu Val Gin '

) 135 140
TGC ATG ATA CCA GAG CAT TAC AAC AGC CAT CGA GGA CTIT ATA AIG TAC 480
Cys Met Ile Pro Glu His Tyr Asn Ser His Arg Gly Leu lle Met Iyr
145 150 155

TCA TGG GAT TGT CCT ATG GAG CAA TIGT AAA CGT AAC TCA ACC AGT ATA 528
Ser Trp Asp Cys Pro Met Glu Gln Cys Lys Arg Asn Ser Thr Ser Ile

- 160 165 170

TAT TIT AAG ATG GAA AAT GAT CTIT CCA CAA AAA ATA CAG TGT ACT CIT 576
Tyr Phe Lys Met Glu Asn Asp Leu Pro Gln Lys Ile Gln Cys Thr Leu

175 180 185

AGC AAT CCA TTA TiT AAT ACA ACA TCA TCA ATC ATT TTG ACA ACC TGT 624
Ser Asn Pro Leu Phe Asn Thr Thr Ser Ser Ile Ile Leu Thr Thr Cys

190 195 200 - 205

ATC CCA AGC AGC GGT CAT TCA AGA CAC AGA TAT GCA CTT ATA CCC ATA 672
Ile Pro Ser Ser Gly His Ser Arg His Arg Tyr Ala Leu Ile Pro Ile

210 215 220
CCA TTA GCA GTA ATT ACA ACA TGT ATT GTG CIG TAT AIG AAT GGT ATT 720
Pro Leu Ala Val Ile Tnr Thr Cys Ile Val Leu Tyr Met Asn Gly Ile :
225 230 235
.CIG &34 TGT GAC ACA AAA CCA GAC AGA ACC AAC TCC AAT TGATTIGGTAA 769
Leu Lys Cys Asp Arg Lys Pro Asp Arg Thr Asn Ser Asn '
+ 240 245 250

CAGAACATCA AGACAACAGC ATAACTAAAT TATTTTAAAA ACTAAMAAGC CATCIGATTIT 829,
CTCATIIGAG TATTACAATT TTIGAACAAC TGTIGGAAAT GTAACTIGAA GCAGCIGCTT 889

TAAGAAGAAA TACCCACTAA CAAAGAACAA GCATTAGTIT 'IGGCTGTCAT CAACTTATTA 949
TATGACTAGG TGCTTGCTIT TTTIGTCAGT AAATIGTTIT TACTGATGAT GTAGATACTT 1009

TTGTAAATAA ATGTAAATAT GTACACAAGT G 1040

(2) INFORMATION FOR SEQ ID NO:10:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 250 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:

This is the replacement sheet

Date: 22 NV 1995;



(xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 37: GCGGECCECGG TCCAACCACC AATCTCAAAG

CTTGGTACCC GGCGAATTCAG ATCTGCAGCA 60 TGCTCGAGCT CTAGATATCG
ATTCCATGGA TCCTCACATC CCAATCCGCG GCCCC 115 (2) 1 NFORNMATI ON
FOR SEQ | D NO 38: (i) SEQUENCE CHARACTERI STI CS: (A
LENGTH: 33 base pairs (B) TYPE: "nucleic acid ' (O
STRANDEDNESSj.sivid! £1a 61 Al Cly Val Leu Ser Val- 95 -
(D) TCPC]_OGY:HeEi i Ra ViSeE) MRS B AR AN O N AREE Y¥NsE: no
(i x) FEATURE: (A “NAVE/ KEY: CDS

Val Cys Leu Leu His Cys Phe Gly Phe Ile Ser Cys Phe Ser Gln Gln

20 : 25 30

Ile Tyr Gly Val Val Tyr Gly Asn Val Thr Phe His Val Pro Ser Asn
' 35 40 45

Val Pro Leu Lys Glu Val lLeu Trp Lys Lys Gln Lys Asp Lys Val Ala
50 55 60

Glu Leu Glu Asn Ser Glu FPhe Arg Ala Phe Ser Ser Phe Lys Asn Arg
65 70 - 75 80

Val Tyr Leu Asp Thr Val Sér Gly Ser Leu Thr Ile Tyr Asn Leu Thr
85 90 95

Ser Ser Asp Glu Asp Glu Tyr Glu Met Glu Ser Pro Asn Ile Thr Asp
100 105 110

Thr Met Lys Phe Phe Leu Tyr Val Leu Glu Ser Leu Pro Ser Pro Thr
115 120 125

Leu Thr Cys Ala Leu Thr Asn Gly Ser Ile Glu Val Gln Cys Met Ile
130 135 - 140

Pro Glu His Tyr Asn Ser His Arg Gly Leu Ile Met Tyr Ser Trp Asp
145 150 155 160

Cys Pro Met Glu Gln Cys Lys Arg Asn Ser Thr Ser Ile Tyr Phe Lys
165 170 175

Met Glu Asn Asp Leu Pro Gln Lys Ile Gln Cys Thr Leu Ser Asn Pro
180 185 190

Leu Phe Asn Thr Thr Ser Ser Ile Ile Leu Thr Thr Cys Ile Pro Ser
195 © 200 205

Ser Gly His Ser Arg His Arg Tyr Ala Leu Ile Pro Ile Pro Leu Ala
210 215 220

Val Ile Thr Thr Cys Ile Val Leu Tyr Met Asn Gly Ile Leu Lys Cys
225 230 235 240

Asp Arg Lys Pro Asp Arg Thr Asn Ser Asn
245 _ 250

(2) INFORMATION FOR SEQ ID NO:11:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 863 base pairs

(B) TYPE: nucleic acid
{C) STRANDEDNESS: double

This is the replacement sheet
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(B) LOCATION: 13..33 (xi) SEQUENCE DESCRI PTION: SEQ | D NO 38:
GAGGCGECCG CC ATG GIT GCT GGG AGC GAC CGCG

Met Val ‘Ala Gy Ser Asp Al a

I NFORVATI ON FOR SEQ | D NO 39: (i

33
1 .
SEQUENCE

| 5 (2)
CHARACTERI STI CS:

(A) LENGTH: 7
(D) TOPOLOGY:

am no acids -
i near

i
SEQUENCE DESCRI PTI G3¥) %LP#N@%

S (2)

() LENGT ShiRcRtisH

-
S

SEQ LD NO 40:
ekt g (B) TYPE:

(

T Met Val

“TYPE: amino acid
MOLECULE TYPE: protein

Ala Ay Ser Asp Al a

(i) SEQUENCE CHARACTERI STI CS:

nucl eic acid

STRANDEDNESS: ?ﬂv‘igh?n-smsz: NO (D) TOPOLOGY: |i near

(ix) FEATURE:
(A) NAME/KEY: CDS

(B) LOCATION: 18..

37

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:11:

GCGGCCGCCG ACGAGCC ATG GIT GCT GGG AGC GAC GCG GGG CGG GCC CIG

GGG
Gly

IGT
Cys

CAT
His

AAG
Lys
60

T

Ser

ATC
Ile

CCA
Pro

CIT
Leu

GTIC
Val
140

ATIG
Met

1

GIC CTC AGC GIG GIC TGC
Val Leu Ser Val Val Cys
15 :

TIT TCC CAA CaA ATA TAT
Phe Ser Gln Gln Ile Iyr
30

GTA CCA AGC AAT GTIG
Val Pro Ser Asn Val
45

CCT
Pro
- 50

CIG
Leu

GAT AAA GTT GCA GAA
Asp Lys Val Ala Glu
- 65

TIT AAA AAT AGG GIT
Phe Lys Asn Arg Val
80

TAT
Iyr

TAC AAC TTA ACA TCA TCA
Tyr Asn Leu Thr Ser Ser
95

AAT ATT ACT GAT ACC ATG
Asn Ile Thr Asp Thr Mec
110

CCA TCT CCC ACA CTA ACT
Pro Ser Pro Thr Leu Thr
125 130

CAA TGC ATG ATA CCA GAG
Gln Cys Met Ile Pro Glu
145

TAC TCA TGG GAT TGT CCT
Tyr Ser Trp Asp Cys Pro
160

CIG CIG CAC TGC
Cys

Leu Leu His
20

GGT GTIT GTG
Gly Val Val
35

TTA AAA GAG
Leu Lys Glu

GAA AAT TCT
Glu Asn Ser

TTA GAC ACT
Leu Asp Thr
85

GAT GAA GAT
Asp Glu Asp
100

AAG TIC TTT
Lys Phe Phe
115

TGT GCA TIG
Cys Ala Leu

CAT TAC AAC
His Tyr Asn

ATG GAG CAA
Met Glu Gln
165

TAT
Iyr

GIC
Val

CAA
Glu

GTG
Val

GAG
Glu

CIT
Leu

ACT AAT GGA AGC
Thr

AGC
Ser
150

TGT
Cys

Met Val Ala Gly Ser Asp Ala Gly Arg Ala lLeu
_ 5 : 10

TIT GGT TTC
Phe Gly Phe
25

ATC AGC
Ile Ser

GGG AAT GTA ACT TIC
Gly Asn Val Thr Phe
40

CTA
Leu
55

TGG AAA
TIrp lys

AAA CAA
Lys Gln

TIC TCA
Phe Ser
75

AGA GCT
Arg Ala

TIC
Phe
70

TCA
Serx

GGT AGC
Gly Ser

CTC ACT
Leu Thr
90

TAT
Tyr

GAA ATG
Glu Met
105

GAA TCG
Glu Ser

TAT
Iyr

GIG CIT
Val Leu
120

GAG TICT
Glu Ser

ATT GaA
Asn Gly Ser Ile Glu

135

CAT CGA GGA
His Axg Gly

CIT ATA
Leu Ile
155

AAA CGT AAC
Lys Arg Asn

TCA ACC
Ser Thr
170

This is the replacement sheet
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1

(O

S0

146

194

242

290

338

386

434

482

530
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" (iii) HYPOTHETI CAL: NO (iv) ANTI-SENSE: NO (xi) SEQUENCE
DESCRI PTI ON: SEQ | D NO: 40:  AAGTCGACAT AAAGAAAGAA CTTCAT

26, (2) | NFORMATI ON FOR SEQ | D NO 41: (i) SEQUENCE CHARACTERI STI CsS:
(A) LENGTH: 14 base pairs - 96-
(B) TYPE: nucleic acid - (C) STRANDEDNESS: single (D)
TOPOLOGY: |i near (iii) HYPOTHETI CAL. gQ. (iv) ANTI-SENSE: NO
AGT ATA TAT TTT AAG ATG GAA AAT GAT CTT CCA CAA AAA ATA CAG TGT 578
Ser Ile Tyr Phe Lys Met Glu Asn Asp Leu Pro Gln Lys Ile Gln Cys
. 175 : 180 185
ACT CTT AGC AAT CCA TTIA TIT AAT ACA ACA TCA TCA ATC ATT TIG ACA 626
Thr leu Ser Asn Pro Leu Phe Asn Thr Thr Ser Ser Ile Ile Leu Thr
' 190 - - 195 200
ACC TGT ATC CCA AGC AGC GGT CAT TCA AGA CAC AGA TAT GCA CIT ATA 674
Thr Cys Ile Pro Ser Ser Gly His Ser Arg His Arg Tyr Ala Leu Ile
205 210 215
CCC ATA CCA TTA GCA GTA ATT ACA ACA TGT AIT GTG CTG TAT ATG AAT 722
Pro Ile Pro Leu Ala Val Ile Thr Thr Cys Ile Val Leu Tyr Met Asn
220 . 225 230 235
GGT ATG TAT GCT TIT TAAAACAAAA TAGTTIGAAA ACTIGCATIG TTITCCAAAG 777
Gly Met Tyr Ala Zhe
240

GTCAGASAAT AGTTTAAGGA TGAAAATAAA GTTIGAAATT TTAGACATTT GAAAAAAAAA 837

ARAAARARAA AR8AA225GC GGCCGC 863

(2) INTORMATION FOR SEQ ID NO:12:
(1) SEQUEINCEI CHARACTERISTICS:
(A) LENGTH: 240 amino acidés
(B) TYPEZ: amino acid
(D) TCPOLOGY: linear
(ii) MOLECULE TYPE: protein

(xi) SEQUENCE DEZSCRIPTION: SEQ 1D NO:12:

Met Val Ala Gly Ser &sp Ala Gly Arg Ala Leu Gly Val Leu Ser Val
1 5 10 15

Val Cys Leu Leu His Cys Fhe Gly Phe Ile Ser Cys Phe Ser Gln Gln
20 25 : 30

Ile Tyr Gly Val Val Tyr Gly Asn Val Thr Phe His Val Pro Ser Asn
35 40 45

Val Pro Leu Lys Glu Val Leu Trp Lys Lys Gln Lys Asp Lys Val Ala
50 55 60

Glu Leu Glu Asn Ser Glu Phe Arg Ala Phe Ser Ser Phe Lys Asn Arg.
65 70 75 : .80

Val Tyr Leu Asp Thr Val Ser Gly Ser Leu Thr Ile Tyr Asn Leu Thr
85 90 95
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(xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 41: TCGACGCGGEC CCCG

14 . (2) | NFORVATI ON FOR SEQ I D NO 42: (i) SEQUENCE CHARACTERI STI CS
(A) LENGTH:. 1050 base pairs (B) TYPE: nucleic acid : (O.
STRANDEDNESS: si ngl e (D) TOPOLOGY: linear  (iii) HYPOTHETI CAL:.
NO (i.v) ANTI-SENSE: NO (x) FEATUMS: - (A) NAME/ KEY: CDS
(B) LOCATION: 1..1041 (xi) SEQUENCE DESCRI PTI ON: SE ID hK)42: " ATG
GIT GCT GGESe¥aSeTAsPCEly &ars 6T wier G IsrcPeyéspdd swnnd8 Mot

Val Ala Ay Ser AspA?-%PGIyArgAIaLéG Ay Val Leu Se¥Oval 1
5 CTG CIG CAC TGC TTT GGT

TTC ATC AGCTHIGHeS STERS Ehs Lep Jyr Val Leu 25‘3“\/%‘ éﬁ&ggtﬁﬁfeﬁf%&f Cys Phe Gy &

Phe Ile Ser Cys P 5Ser @ n @n 120 25
30 Leu Thr Cys Ala leu Thr Asn Gly Ser Ile Glu Val Gln Cys Met 1Ile
130 135 ' 140
Pro Glu His Tyr Asn Ser His Arg Gly lLeu Ile Met Tyr Ser Trp Asp
145 : 150 155 160
Cys Pro Met Glu Gln Cys Lys Arg Asn Ser Thr Ser Ile Tyr Phe Lys
165 170 175
Met Glu Asn Asp Leu Pro Gln Lys Ile Gln Cys Thr Leu Ser Asn Pro
180 185 190
Leu Phe Asn Thr Thr Ser Ser Ile Ile Leu Thr Thr Cys Ile Pro Ser
195 200 205
Ser Gly His Ser Arg His Arg Tyr Ala Leu Ile Pro Ile Pro lLeu Ala
210 ' 215 220
Val Ile Thr Thr Cys Ile Val Leu Tyr Met Asn Gly Met Tyr Ala Phe
225 230 235 . 240
(2) INFORMATION FOR SZQ ID NO:13:
(1) SEQUENCE CHsRACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:13:
CTCTTTTAAA GGCACATACA CAACACCATA | 30

(2) INFORMATION FOR SEQ ID NO:14:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(11i) HYPOTHETICAL: NO

This is the replacement sheet
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ATA TAT
lLe Tyr

40
GAT
Asp
GAA
Au
70
GGT
Ay
95
GAT
Asp
105
ACA
Thr

AAA
Lys
AAT
Asn

AGC
Ser

GAG
Au

TGC
Cys

GGTI GIT GIG TAT GGG AAT GTA ACT TTC CAT GIA CCA AGC AAT 144
@y val val Tyr Ay Asn Val Thr Phe H's Val Pro Ser Asn ' 35
’ 45 GIG CCT TTA AAA GAG GIC CTA TGG AAA AAA CAA AAG
GIT GCA ~ 192 Val Pro Leu Lys GQu Val Leu Trp Lys Lys G n Lys
Val Al a 50 : - 835- , 60 GAA CTG
TCT GAA TTC AGA GCT TTC TCA TCT TTT AAA AAT AGG 240 A u Leu
Ser Au Phe Arg Ala Phe Ser Ser Phe Lys Asn Arg 65

(iv) ANTE-SENSE: NO 80 GIT TAT TTA GAC ACT GIG TCA
CTC ACT ATC TAC AAC TTA ACA 288 Val Tyr Leu Asp Thr Val Ser
Leu ThXx3) SEQUENCESRESCRIPTEAN: SEQ ID NO:14: 85

90
- - 97 - TCA TCA GAT@A
TATANGRATARES THRRCATRSCCEIFCAARAIRTT ACT GAT 336 Ser Ser ASp G u
Tyr Gu Met Gu Ser Pro Asn Ile Thr Asp 100
110 ACC ATG AAG TTC TTT CTT TAT GIC GAC AAA ACT CAC

CCA - 84, Th s Phe Phe Leu Tyr Val Asp Lys Thr Hi s
Br Oqgrcghoamno@:%&& Wholiss | ® 00 . Lot

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(1ii) HYPOTHETICAL: NO
{iv) ANTI-SENSZ: NO
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:15:

AGCTCTGAAT TCAGATTIITT TCCATAGGAC 30

(2) INFORMATION FOR SEQ ID NO:16:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGIH: 30 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(i1i) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
(x1) SEQUENCE DESCRIPTION: SEQ ID NO:16:

TAAATAAACC CTATTATIIT CCAGTICIGC 30

(2) INFORMATION FOR SEQ ID NO:17:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii1) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
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CCA GCA CCT GAA CTC CTG GGG GGA CCG TCA GIC TTC CTC TTC.CCC

TGC 432
Cys,Pro Ala Pro Gu Leu Leu Gy Gy Pro Ser Val Phe Leu Phe Pro 130
135 140 CCA AAA CCC AAG GAC ACC CTC ATG ATC TCC CGG AcCC
CCT GAG GIC ACA 480 Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr
Pro Thr 145 150 88 - 155

160 TGC GIG GIG GIG GAC GIG-ACC CAC GAA GAC CCT GAG GIC AAG TTC AAC

528 Cys Val V&ki)NVSEQUENSE\DESCREFTIEGNs SERUIDANG:¥:0 G u Val Lys Phe Asn

165 170 175 TGG TAC GIG GAC GCC GIG GAG
GTG CAT AATCTICATAGRG AGSCTARTAACHEGATCARAA 576 Trp Tyr Val Asp Gy Va@ du
Val His Asn Ala Lys Thr Lys Pro Arg 180 185
190 GAG GAG CAG TAC AAC AGC ACG TAC CGG GIG GIC AGC GIC CTC ACC GIC

624 Gu duy Gn. 'I!'&A Asn_Ser Thr T r Arg Val Val Ser Val Leu Thr Val

195 (2) 1¥FO E%R?‘ FOR SEQ ID N 205 CTG CAC CAG GAC TGG CTG AAT
GEC AAG GAG TAC Ics 672 Leu H's An Asp Trp Leu Asn
Gy Lys Qu Tyr 210 215

220 AACAAACCCCT 5 AAA ACC ATC TCC AAA GCC AAA

720 Asn Lys Al a Leu( % D gg)s ¥ Lys Thr Ile Ser Lys Ala Lys 225
230 POLOGY linear 240 GGG CAG CCC CGA GAA CCA CAG
GTGTACACCCTGCCC 768GyGnProArgGuProGn
Val Tyr Thr Leaify gyfbmu_smp,wrm Asp 245

250 255

(iv) ANTI-SENSE: NO
(xi) SEQUENCE DZSCRIPTION: SEQ ID NO:18:

ATACTCATCT TCATCACCIG ACACAGIGIC 30

(2) INFORMATION FOR SEQ ID NO:19:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSEZ: NO'
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:19:

GGTATCAGTA ATATTIGATG ATGTTAAGIT , 30

(2) INFORMATION FOR SEQ ID NO:20:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(iii) HYPOTHETICAL: NO

(iv) ANTI-SENSZ: NO

- This is the replacgment sheet
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GAG .CTG ACC AAG AAC CAG GTC AGC CTG ACC TGC CTG.GIC AAA GGC TTC 816
GQu Leu Thr Lys Asn A n Val Ser Leu Thr Cys Leu Val Lys @y Phe '

260 - 265 270  TAT CCC AGC GAC ATC GCC GIG
GAG TGG GAG AGC AAT GGG CAG CCG GAG 864 Tyr Pro Ser Asp Ile Ala
Val Qu Trp Gu Ser Asn Ay Gn Pro Gu 275 280

285  AAC AAC TAC AAG ACC ACG CCT ccc GT#f CTG GAC TCC GAC GGC TCC TTC
912 Asn Asn Tyr, L I . P ~0,..Va u,Asp Ser Asp Ay Ser Phe
290 ity Yiogte Bicdzfiod: “sef 1o 352071 L " Tac Ao mac rc Acc

GIG GAC A 960 ' Phe Leu Tyr Ser Lys.keu
Thr Val ﬁdé%“ég? %%ﬂ@?ﬁ“%@qﬁf&y 305 S50 VS

315 320 - 98 -
AAC GIC TTC TCA TGC TCC GIG ATG CAT GAG GCT CTG CAC AAC CAC TAC 1008

Asn Val PheaSefsouixsion MA siiphicia@ U Ala Leu H's Asn His Tyr
325 330 335 ACG CAG AAG AGC CTC TCC CTG

TCT CCG GGT AAA 1) CAEBRESSCHARACTERISTICS : 1050 Thr A@n Lys Ser Leu Ser Leu
Ser Pro Ay Lys (A) LENGTH: 3¥4Dase pairs - 345

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:21:

CAATGCACAA GTTAGAAGAA AGAACTTCAT . 30

(2) INFORMATION rCR SEQ ID NO:22:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TY2E: nucleic acid:
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(iii) HYPOTHETICAL: NO -

(iv) ANTI-SEZNSZ: NO
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:22:

CATGCATIGG ACTICIGTGG GAGATGGAAG 30

(2) INFORMATION FOR SEQ ID NO:23:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: RO
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(2) | NFORMATI ON FOR SEQ I.D NO 43: (i) SEQUENCE CHARACTERI STI CS

(A) LENGIH. 347 am no aci ds (B) TYPE: am no acid

(D) TOPOLOGY: |i near - (i) MOLECULE TYPE: protein (xi)
SEQUENCE DESCRI PTI ON: SEQ I D NO 43: Met Val Ala Ay Ser Asp Ala Ay Arg
Ala Leu Ay Val Leu Ser Val 1 . 5 10

15 Val Cys Leu Leu H s Cys Phe @y Phe Ple Ser Cys Phe Ser An dn
20 g&,ﬁx z Le Tyr Ay Val Vval Tyr Ay
Asn Val Thr Phe il—)il s Va Cgr%sglgr?‘nou S£Q 78%o: 2b 35 40

45  Val Prﬁcgg@hﬂenscﬁﬁm +eeatragTlys Lys G n Lys Asp Lys Val Ala 39
50 60 Gu Leu Au Asn Ser Gu Phe
Arg Ala Phe Ser Ser Phe Lys Asn Arg 65 - 70

75 80 Val Tyr Leu Asp Thr Val Ser Ay Ser Leu Thr Ile
Tyr Asn Leu(2hhEINFORMATION FOR SEQ ID N@:24: 90

95 Ser Ser Asp Qu Asp Au Tyr Qu Met Qu Ser Pro Asn Ile Thr Asp
' ' "~ (1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(iii) RYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
(xi) SEQUENCE DESCRIPIION: SEQ ID NO:24:

CATAGGACAA TCCCAGTAAT GCICTGGTAT 30

(2) INFORMATION FOR SEQ ID NO:25:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDZDNESS: single
(D) TOPOLOGY: linear
(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
(xi) SEQUENCE DESCRIPTION: SEQ 1D NO:25:

TATACTGGTT GAGTTIGAGT ACATTATAAG 30

(2) INFORMATION FOR SEQ ID NO:26:
(i) SEQUENCE CRARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEZDNESS: single
(D) TOPOLOGY: linear
{iii) KYPOTHETICAL: NO

(iv) ANTI-SENSE: NO
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100 105 110 Thr Met Lys Phe Phe Leu Tyr

Val, Asp Lys Thr His Thr Cys Pro Pro - 115 120

125 Cys Pro Ala Pro Qu Leu Leu Ay Ay Pro Ser Val Phe Leu Phe Pro
130 135 _ 140 Pro Lys Pro Lys Asp Thr Leu
Met Ile Ser-Arg Thr Pro Qu Val Thr- 145 _ 150 - .

155 160 Cys Val Val ValglAsp Val Ser Hs Qu Asp Pro Qu
Val Lys Phe Asn 165 ° - 170

175 TP T ¥y ety p¥barBrionPhed B gfiidetl @ Lys Thr Lys Pro Ag

180

- 99 - Gﬁq&&&%mﬁ? ﬁ%krila&cTyr Arg Val Val Ser Val Leu Thr 3X2I

195 205 Leu H's @n Asp Trp Leu n
Gy Lys Au Tyr Lys Cys Lys Val Ser . 210 215
220 -

(2) INFORMATION FOR SEQ ID NO:27:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
{(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(11{) KYPOTHETIICAL: NO
{iv) ANTI-SENSE: NO
(xi{) SEQUENCE DESCRIPTION: SEQ ID NO:27:

TAATGGATTG CTAAGTTCCA TCTTAAAATA : 30

(2) INFORMATION FOR SZQ ID NO:28:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNKESS: single
(D) TOPOLOGY: linear
(iii) RYPOTHETICAL: NO
(iv) ANTI-SENSE: KO
{xi) SEQUENCE DESCRIPTION: SzQ ID NO:28:

TGTCAAAATG ATTIGAAGTAC ACIGTATIIT _ 30

{2) INFORMATION FOR SEQ ID NO:29:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(iii) HYPOTHETICAL: NO.

(iv) ANTI-SENSE: NO

This is the replacement sheet

2 Z NOV 19%

Date:



Asn

230,

Va)
255
260
Au
285
290
Val
315
H s
Thr

Asp Lys Ser Arg Trp G

Lys Ala Leu Pro Ala Pro Ile GQu Lys Thr Ile Ser Lys Ala Lys 225

N 235 _ . 240 dy d@n Pro Arg Qu Pro dn
Tyr Thr Leu Pro Pro Ser Arg Asp 245 250
A u Leu Thr Lys Asn A n Val Ser Leu Thr Cys Leu. Val Lys Ay Phe
265 - 270 Tyr Pro Ser Asp Ile Al a Val
Trp Glu Ser Asn Ay G@n Pro Qu 2 275 280
Asn Asn Tyr Lys Thr Thr Pro Pro val %_eu Asp Ser Asp Gy Ser Phe

(x1) SEQOENCE nzscc;annou- $5 APfo: e Leu Tyr?jgr Lys Leu Thr

TCTIGAATGA cé‘dtﬁ"cfmrtémr?m Ser Cys Ser Val Met H's Gu Al agjeu

Asn Hi s Tyr 325 330 335
G n Lys Ser Leu Ser Leu Ser Pro Ay Lys 340
345 '

(2) INFORMATION FOR SEQ ID NO:30:
(i) SEQUENCE CHARACTfRISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nuclelc acid
{(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
(xi) SEQUENCE DEZSCRIPTION: SEQ ID NO:30:

ATACTCATCT TCATCATACA CAACACCATA ' | 30

(2) INFORMATION FOR SEQ ID NO:31:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: aucleic acid
(C) STRANDZIDNESS: single
(D) TOPOLOGY: linear
(1ii) HYPOTHZETICAL: NO
(iv) ANTI-SENSE: NO
. (xi) SEQUENCE DESCRIPTION: SEQ ID NO:31:

CATAGGACAA TCCCATGATG ATGTTAAGIT . 30

(2) INFORMATION FOR SEQ ID NO:32:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(1ii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO
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- 100 - CLAI M5 1. A polypeptide
havi ng the am no acid sequence X[err]-Xerr]-(SEQ ID NO 1) Asn Arg Val Tyr
Leu Asp “Thr val Ser @ y-Y, ‘wherein: X[err] is hydrogen or nethionyl;
Xerr], if present, is a poI ypeptide having the foll ow ng am no acid
sequence or a portion thereof consistinggpf. the carboxy-termnal 1 to 77
am no acids of the sequence (SEQ ID NOS? Val Ala Ay Ser Asp Ala Ay Arg -

Ala Leu Gy V egt@c;y ksd@brﬁgs bNo:Bbs Cys Phe Gy Phe Ile Ser Cys
Phe Ser Gn Gladxi? le Tyr déy Val Val él%rJ Gy Asn Val Thr Phe His Val Pro Ser

Asn Val PrectriAakys ccoori¢atT laenTTimaadys Lys G n Lys Asp Lys Val Ala Qou Leu
G u Asn Ser Qu Phe Arg Ala Phe Ser Ser Phe Lys; Y i s hydroxyl or a
pol ypeptide of the foll ow ng ami no acid sequence or a portion thereof
consisting of the amno termnal 1 to 32 am no acids of the sequence (SEQ

| D NO 33) : (SprINFCRMATION |HOR SBay IAN®:B2u Thr Ser Ser Asp Gu Asp Au Tyr GQu

Met Qu Ser Pro Asn Ile Thr. Asp Thr Met Lys Phe Phe Leu Tyr Val; and
anal ogs and der(LYaEQUERCE RRARAGTERISATECH :pol ypept i de bei ng capabl e of binding
to CD2. () LENGTHe 3304%9emqidé according to claim1

(B) TYPE: amino acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear
(111) HYPOTHETICAL: NO
{iv) ANTI-SENSE: NO _
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:33:

Ser Leu Thr Ile Tyr Asn Leu Thr Ser Ser Asp Glu Asp Glu Tyr Glu
1 - 10 15

Met Glu Ser Pro Asn Ile Thr Asp Thr Met Lys Phe Phe Leu Tyr Val
20 25 30

(2) INTORMATION FOR SEQ ID NO:34:

(1) -SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(i11) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
(ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION: 6..23
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:34:
TCGTC GAC AAA ACT CAC ACA TGC C . ' 2

Asp Lys Thr His Thr Cys
1 5

(2) INFORMATION FOR SEQ ID NO:35:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 6 amino acids
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wher ei n, Xerr], if present, is a polypeptide having the follow ng
amno acid sequence or a portion thereof consisting of the carboxy term nal
1 to 50 anino acids of the sequence (SEQ ID NO2): Phe Ser Gn dn Ile Tyr
Gy Val vVal Tyr Ay Asn Val Thr Phe H's Val Pro Ser Asn Val Pro Leu Lys Qu
Val Leu Trp Lys Lys @n Lys Asp Lys - 9% - Val Ala Gu Leu G n Asn
Ser Qu Phe Arg Ala Phe Ser Ser Phe L Y i s hydroxyl or a

pol ypepti de of the f ol (BviIRG* aﬂ‘ﬁ’-ﬁ%‘& gd sequence or a portion thereof

consi sting of the am @ t¥P  41%8T 10 amino acids of the sequence (SEQ
ID NO 3): Ser Leu Thr - Asn L u Thr Ser Ser; and anal ogs and
derivatives ther@&? “%&fn"i&p Bf?tcf bei ng capabl e of binding to CD2.

3. The pol ypept )i% %%ng‘{elésu ﬁgﬁgﬁgﬁﬁer@ n§%e§5.ed fromthe group

consi sting of po no aCid sequences: amno acids

29-120 of S [ aC| ds 29-108 of SEQ I D NGO 10, am no acids
48-108 of S‘E‘%Jf'ﬁ%gr]fgi aﬁgj %0 1D NG 7, | |

(2) INFORMATION FOR SEQ ID NO:36:
- (1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(iii) HYPOTHETICAL: NO
‘(iv) ANTI-SENSE: NO
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:36:

GTAAATGAGT GCGGCGGCCG CCAA _ 24

(2) INFORMATION FOR SEQ ID NO:37:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 115 base pairs
(B) TY?F:: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:37: ‘
GCGGCCGCGG TCCAACCACC AATCTCAAAG CTTGGTACCC GGGAATTCAG ATCTGCAGCA 60
TGCTCGAGCT CTAGATATCG ATTCCATGGA TCCTCACATC CCAATCCGCG GCCGC 115
© (2) INFORMATION FOR SEQ ID NO:38:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 33 base pairs

{(B) TYPE: nucleic acid
{(C) STRANDEDNESS: single
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4. The pol ypeptide accor d| ng to claim2 having the amino acid sequence
(SEQID NO7): Lys Asn Arg Val Tyr Leu Asp Thr Val Ser Gy Ser Leu Thr Ile

Tyr. 5. An isol ated DNA sequence encodi ng a pol ypeptide of any
of claims 1, 2, 3 or 4. - 6. An isolated DNA sequence encodi ng

t he CD2- bi nding domain of LFA-3 conprisifAg: (5'). (SEQ ID NO 6)
AATAGGGTTT ATTTAGACAC TGIGICAGGT (3'). 7. An isol ated DNA
sequence conpri si né)p)am ed'&éfﬁ,’e encodi ng t he CD2- bi ndi ng domai n of
LFA-3 sel ec consisting of the DNA inserts of pPYM7
(ATCC Accessﬂgff' NB%# 4-6 (ATCC Accession No. 68542),
pPMDRMVB5-9 (A ﬁﬁ.ﬁg§ % 68546) , pPI\/DRI\/56 C (ATCC Accession No.
68551), pPMDR ?A ccessi on . 68547), pPYM63-4 (ATCC Accession

No. 68544), pf%gg!sg JCC Accession No 68552), pPMDRMLOO-4 (ATCC -
Accessi on No 4-1 (ATCC Accession No. 68543), pPMDRMLO2-8
(ATCC Accessi on NO(B)B ONarlg pFYVORMB- 10 (ATCC Accession No. 68548).

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:38:
GAGGCGGCCG CC ATG GIT GCT GGG AGC GAC GCG 33

Met Val Ala Gly Ser Asp Ala
1 5

(2) INTORMATION FOR SEQ ID NO:39:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 7 amino acids
(B) TY?PE: amino acid
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: protein
(x1) SEQUENCE DESCRIPTION: SEQ ID NO:39:

Met Val Ala Gly Ser Asp Ala
1 5

(2) INFORMATION FOR SEQ ID NO:40:
(i) SEQUENCE CEARACTERISTICS:
(A) LENGTH: 26 base pairs
{B) TYPE: nucleié acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(1i1) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:40:

AAGTCGACAT AAAGAAAGAA CTTCAT : 26

(2) INFORMATION FOR SEQ ID NO:41:

(i) SEQUENCE CHARACTERISTICS:
~ (A) LENGTH: 14 base pairs
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- 102 - 8. A reconbi nant. DNA nol ecul € conpri sing a DNA
sefuence_according to claim5, 6 or 7 and an expression control sequence,
wherein the expression control sequence is operatively linked to the DNA
sequence. 9. A fusion protein, having an am no term nal :
regi on characterized by the am no aci d €®@guence of the pol ypeptides of any
one of clains 1-4 and having a carboxy term nal region conprising a donmain

of a protein or pol yWeAYPElchiotlede ddidn LFA-3. - 10. The fusion
protein accordi ng t(CxISTRANDEDNHSSE esimgldre car boxy terninal region conprises
at least a portion (b) TRROLEEYr ddhear of an i nmunogl obul i n. 11.

The fusion protein according to claim 10 wherein the portion of the Fc
regi on of an i(ﬁtﬁ)n&@?%ﬁﬂq&écﬁ?pri ses a hinge region and C[err]2 and

Cerr]3 constant domain
(iv) ANTI- SENSE NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4l:

TCGACGCGGC CGCG 14

(2) INFORMATION FOR SEQ ID NO:42:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1050 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO

(ix) FEATURE:
(A) NAME/XEY: CDS
(B) LOCATION: 1..1041

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:42:

ATG GIT GCT GGG AGC GAC GCG GGG CGG GCC CTG GGG GIC CTIC AGC GIG 48 -
Met Val Ala Gly Ser Asp Ala Gly Arg Ala Leu Gly Val Leu Ser Val
1 5 10 _ 15

'6TC TGC CTG CTG CAC TGC TTT GGT TIC ATC AGC TGT TTT TCC CAA CAA 96
Val Cys Leu Leu His Cys Phe Gly Phe Ile Ser Cys Phe Ser Gln Gln
20 25 30

ATA TAT GGT GTT GTC TAT GGG AAT GTA ACT TTC CAT GTA CCA AGC AAT 144
Ile Tyr Gly Val Val Tyr Gly Asn Val Thr Phe His Val Pro Ser Asn
35 40 - 45

GIG CCT TTA AAA GAG G'fC CTA TGG AAA AAA CAA AAG GAT AAA GIT GCA 192
Val Pro Leu Lys Glu Val Leu Trp Lys Lys Gln Lys Asp Lys Val Ala
50 55 60 .

GAA CTG GAA AAT TCT GAA TIC AGA GCT TTIC TCA TCT TIT AAA AAT AGG 240
Glu Leu Glu Asn Ser Glu Phe Arg Ala Phe Ser Ser Phe Lys Asn Arg
65 70 75 80

GTIT TAT TTA GAC ACT GTG TCA GGT AGC CTC ACT ATC TAC AAC TTA ACA 288

Val Tyr Leu Asp Thr Val Ser Gly Ser Leu Thr Ile Tyr Asn lLeu Thr
' 85 90 95
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12. The fusion protein according to claim10 wherein the portion of the Fc
region conprises a portion of a hinge region that is capable of -formng
i at er mol ecul ar di sul fi de bonds and Clerr]2 and Clerr]3 constant donains.
13. The fusion protein according to claim12 which is amno acids 29-347 of

SEQ |1 D NO 43. 14. An isol ated DNA sequence coding for a fusion
protein according to any one of clains 9913.
- 103 - 15. A reconbi nant DNA nol ecul e conprising the DNA

sequence adcarTiAnGAT GAal GATNCAG! TAT (CAANATSX fAR ICG OCCACAAT ATE ACTRAENCe, WBSr ei n
the expresseorsexoAsp @luskpuehc 8yt Sloptetatlw Sley Rrionksd Ile TheAsPNA sequence.
16. The recanbi nant Y0RA ol ecul e, a¥ording to clai A45, V\/m ch is plasmd

pSAB152 ( ATCC
ACC ATG AAG TTC TIT CTT TAT GIC GAC AAA ACT CAC ACA TGC CCA CCG 384

Thr Met Lys Phe Phe Leu Tyr Val Asp Lys Thr His Thr Cys Pro Pro
115 120 125

TGC CCA GCA CCT GaA CTC CTG GGG GGA CCG TCA GIC TITC CIC TIC CCC 432
Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro
130 135 140

CCA AAA CCC A.‘.C GAC ACC CTC ATG AIC TCC CGG ACC CCT GAG GTC ACA 480
Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr
145 150 155 160

TGC GIG GTG GTG GAC GTG AGC CAC GAA GAC CCT GAG GTIC AAG TIC AAC 528
Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn
165 170 175

TGG TAC GTG GAC GGC GIG GAG GIG CAT AAT GCC AAG ACA AAG CCG CGG 576
Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg
180 185 190

GAG GAG CAG TAC AaC AGC ACG TAC CGG GTG GTC AGC GTC CTC ACC GIC 624
Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val
195 200 205

CIG CAC CAG GAC TGG CIG AAT GGC AAG GAG TAC AAG TGC AAG GTC TCC 672
Leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser
210 215 220

AAC AAA GCC CTC CCA GCC CCC ATC GAG AAA ACC ATC TCC AAA GCC AAA 720
Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys
225 230 235 240

GGG CAG CCC CGA GAaA CCA CAG GTG TAC ACC CTG CCC CCA TCC CGG GAT 768
Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Asp
(245 - 250 253

GAG CTG ACC AAG. AAC CAG GTC AGC CTG ACC TGC CTIG GTC AAA GGC TIC 816
Glu Leu Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe
260 . 265 270

TAT CCC AGC GAC ATC GCC GTG GAG TGG GAG AGC AAT GGG CAG CCG GAG 864
Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu
275 280 285

AAC AAC TAC AAG ACC ACG CCT CCC GIG CTG GAC TCC CGAC GGC TCC TiC 912
Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe
290 295 300

TTC CTC TAC AGC AAG 'CTC ACC GTG GAC AAG AGC AGG TGG CAG CAG GGG 960

Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly
305 310 . 315 320
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Accession No. 68720) or plasm d pMDR(92)1g-3, whi bh I'ss configured to
express the LFA3TIP coding sequence contained in the Notl-fragment of
pl asmi d pSAB152 under the control of the adenovirus major late pronoter

and which can be stably maintained in CHO cells. 17. A

mul tineric protein capable of binding to 2 conprising (a) two or nore

pol ypepti des accordi ng to any one of clai’lts” 1- 4, (b) two or nore fusion

pr ot ei ns accor P CLE‘H Ef’ %A&‘?CCIOE:‘Ié e OO Bke Iﬂée 11008

pol ypept i dei? § Wic i& An%@@ 1eNexOhLdE fusi O

pr ot ei ns ac'c%"r o an ne 0 1835 A" host cel |

t ransf or ned vmth t he reco I nant DNA m)l ecul e according to claim8, 15 or

16. AQ- A& bed thercRr PV etd Tet DLAOIIGAGTGCOGTDH sing the sgogp of
. CAG AA

cul turing %ﬁ}gg%nigﬁ | SECERL SoBLekOSEH BEaNGLS. Ly 20. A method

for | abeling | $40r proteins conLgini ng the LFA- 3 bi ndi ng domai n of

CD2, said method conprising the step of incubating the CD2[err] cells or
proteins containing the LFA-3 binding donmain of CD2 with a pol ypeptide
according to any one of. claims 1-4 or a fusion protein according to any
one of (2) INFORMATION FOR SEQ ID NO:43:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 347 amino acids
{(B) TYPE: amino acid
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:43:

Met Val Ala Gly Ser Asp Ala Gly Arg Ala Leu Gly Val Leu s;xsr Val
1 5 10

Val Cys Leu Leu His Cys Phe Gly Phe Ile Ser Cys Phe Ser Gla Gla
20 25 _ 30

Ile Tyr Gly Val Val Tyr Gly Asn Val Thr Phe His Val Pro Ser Asn
35 40 45

Val Pro leu Lys Glu Val Leu Irp Lys Lys Gln L:gs Asp Lys Val Ala
50 - 585 0

Glu Leu Glu Asn Ser Glu Phe Arg Ala Phe Ser Ser Phe Lys“Asti Arg
65 70 75 80

13 ]

Val Tyr Leu Asp Thr Val Ser Gly Ser Leu Thr lle Tyr Asn L;v.st Thr
' &S 90 ‘

Ser Ser Asp Glu Asp Glu Tyr Glu Met Glu Ser Pro Asn Ile Thr Asp
- 100 105 110

Thr Met Lys Phe Phe Leu Tyr Val Asp Lys Thr His Thr Cys Pro Pro
115 . 120 125

Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro
130 ' 135 140

Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr
145 150 ' 155 160

Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Fhe Asn
165 170 _ 175

Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg
180 185 190
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clainms 9-13. - 104 - 21. A
nmet hod for clearing solutions, including sera, of anti-LFA-3 antibodies
recogni zi ng LFA-3 epitopes other than the CD2-bindi ng domain of LFA-3
“conprising the steps of contacting the solution of anti-LFA-3 anti bodies
with an LFA-3 deletion nmutant protein selected from M7, M5, M6, PlIM,
MLOO, or conbinations thereof, under condrt%%ns suitable for forni ng

anti body-protein conpl exes, then renoving any anti body-protein conpl exes
formed fromsaid sol Wiagn, : 2. hod_ f,or J solating CD2[err]
cells or prot g?‘ﬁsaﬁa%\“ngyf ﬁénLﬁfﬂ-g’-“b%ﬁjgﬁﬁ ‘Gb:%tlng%ﬁg }‘@ojﬁ%‘r :vggng t he
steps of coupling a Pol ypeptide according to any one of clains 1-4 or a
fusion protei r &hi (o) i R r raphi c
substrate andié‘gq@ﬁlgc%mngs%qgg%usﬁpg{ siig%dggn‘%gil g{ig’%ﬁ[}e‘r)ﬁ%gﬁ ls or a
sol ution containing proteins having the LFA-3-binding domai n of

Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala lys
225 230 235 : 240

Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pre Pro Ser Arg Asp
245 250 _ 255

Glu Leu Thr Lys Asn Gln Val Ser leu Thr Cys Leu Val Lys Gly Phe
260 265 270

Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser.Asn Gly Gln Pro Glu
275 280 285

Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe
290 295 300

Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly
305 310 _ 315 320

Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr
' 325 ' 330 335

Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys
340 345 '
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CD2 with sal under conditjions suitable for the formation of a

LFA—3 23: A pharneceutical conposition conprising
apol MQto any one of clainms 1-4 or a fusion protein

accor d| ng® toL amy f clains 9-13, and a pharmaceutically acceptable
carrier. 24. A diagnostic kit foR0Hetecting the presence of
CD2[err] cells or. LFA-3-binding proteins conprising a polypeptide accordi ng
to any one of clains 1-4 or a fusioii”protein according to any one of clains
9-13, as a reagent. 25. The use of a pol ypeptide.according to
any one of claims 1-4 or a fU:aei.onTpéoteérbﬂwqidﬁﬂgaﬁﬁ&ﬁl)aw&dﬁngckai s -

9-13 to inhibit T- i vat |
- 105 - Can,}L die ' of éj%g'msﬂ’i 4u%re ofqulpoorf fpe[ﬁe’lﬁ' ng,dd-ll‘lﬁgtpo
- any one of claims 16-19 to inhibit prol:.feratlon of
peripheral blood lymphocytes.

27. A phamaceutical camposition for initiating T-

_ lymphocyte responses in wvivo comprising
~ a polypeptide according to any one of claims 1-4 or a
fusion protein according to any one of claims 9-13,
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any one of clainms 1-4 or a fusion proteln according to any one of

claimd 46-19 to inhibit proliferation of peri pheral bl ood

| ynphocyt es. 27. A pharmaceutical conposition for
initiating T- |ynphocyte responses in vivo conprising a

pol ypepti de according to any one of clainp jlyg¢ Or a fusion protein

according to any one of clains 9- 13

CD2-BINDING DOMAIN OF LYMPHOCYTE
FUNCTION ASSOCIATED ANTIGEN 3

S CT _OF E _DISCLOSUR

_ Polypeptides and proteins domprising the
CDZ-binding domain of LFA-3 are disclosed. DNA
sequences that code on expression for those

5 polypeptides and proteins, methods of producing and
using those polypeptides and proteins, and therapeutic
and diagnostic compositions are also disclosed.
Deletion mutants unable to bind CD2 and methods for
their use are also disclosed. In addition, fusion

10 proteins which comprise the CD2-binding domain of LFA-3
and a portion of a protein other than LFA-3, DNA
sequences encoding those fusion proteins, methods for
producing those fusion proteins, and uses of those
fusion proteins are disclosed.
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lu Asn Ser Glu Phe Arg Ala Phe Ser Ser
' Phe Lys;
¥ is hydroxyl or a polypeptide of the following
anino acid sequence or a portion thereof consisting of
the amino-terminal 1 to 10 amino acids of the sequence
(SEQ ID NO:3): Ser Leu Thr Ile Tyr Asn Leu Thr Ser
Ser; _
and analogs and derivatives thereof,
said polypeptide keing capable of binding to cD2.

3. The polypeptfde according to claim 1,
selected from the group consisting of polypeptides
having the amino acid sequences: amino acids 29-120 of
SEQ ID NO:10, amino acids 29-108 of SEQ ID NO:10, amino
acids 48-108 of SEQ ID NO:10, and SEQ XD NO:7.

4. The polypeptide according to claim 2
having the amino acid sequence (SEQ ID NO:7): Lys aAsn
Arg Val Tyr Leu Asp Thr Val Sexr Gly Ser Leu Thr Ile

Tyr.

5. An isolated DNA sequence enceding a
polypeptide of any of claims 1, 2, 3 or 4.

6. An isolated DNA sequence encoding the
CD2-binding dorain of LFA-3 comprising:

(5') (SEQ ID NO:6) AATAGGGTTT ATTTAGACAC
TGTGTCAGGT (3').

7. An isolated DNA sequence comprising a
DNA sequence encoding the CD2-bihding domain of LFA-3
selected from the group consisting of the DNA inserts
of pPYMS57 (ATCC Accession No. 68545), PPMDRMS54 -6 (ATCC
Accession No. 68542), pPMDRM55-9 (ATCCWAcqession No.
68546) ,PPMDRM56-C (ATCC Accession No. 68551), pPMDRMS8-
‘15 (ATCC Accession No. 68547), pPYM63-4 (aTec
Accession No. 68544), pPYM65-8 (ATCC Accession No.
68552), pPMDRM100-4 (ATCC Accession No. 68550), -
PPMDRM101-1 (ATCC Accession No. 68543), pPMDRM102-8
(ATCC Accesaion No. 68549), and pPMDRM3-10 (ATCC
Accession No. 68548). |
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15, A recombinant DNA molecule comprising
the DNA séquence according to claim 14 and an
expression control sequence, wherein the expression
control sequence is operatively linked to the DNA
sequence.

1s. The recombinant DNA molecule,

according to claim 15, which is plasmid pSAB152 (ATCC .
Accession No. 68720) or plasmid pMDR(92)Ig-3, which is
configured to express the LFA3TIP coding sequence
contained in the NotI-fragment of plasmid pSAB152
undex thé control of the adenovirus major late
promoter and which can be stably maintained in CHO
cells.

17. A multimeric protein capable of binding
to CD2 comprising (a) two or more polypeptides
according to any one of claims 1-4, (b) two or more
fusion proteins according to any one of claims 9-13, or
(c) one or more polypeptides according to any one of
claims 1-4 and one or more fusion proteins according to
any one of claims 9-13.

18. A host cell transformed with the
recombinant DNA molecule according to claim 8, 15 or 16.

19. A method for producing a protein

comprising the step of culturing a host cell according
to claim 18.

20. A method for labeling cD2* cells or
proteins containing the LFA-3 binding domain of D2,
said method comprising the step of incubatiné the cp2*
cells cor proteins containing the LFA-3 binding domain
of CD2 with a polypeptide according to any one of.

claims 1-4 or a fusion protein according to any one of
~claims 9-13.
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