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DNAYSEQUENCES, RECOVBI NANT DNA MOLECULES - AND PROCESSES FORIpoS cop
PRODUGI NG LYMPHOCYTE FUNCTI ON ASSCCI ATED- ANTIGEN-3 5 b(
Thits invention relates to DNA sequences, reconbi nant DNA nol ecul.es and
processes for producing Lynphocyt e Function Associ ated Antigen-3
(LFA-3). More particularly, the invention relates to DNA
sequences that are characterized in that they code 10 on expr¢apeeIgp an
appropriate unicellul ar host for LFA-3 or derivatives ther
bind to CD2, the receptor on the surface of T-I|ynphocytes. Mre
preferably, the LFA-3 of this invention and its derivatives bind to
CD2 on the surface of T-lynpho- 15 cytes. Mst preferably, they also
i nhi bit adhesion bet ween T-1ynphocytes and target cells. In accordance
with this invention, unicellular hosts transforned

DNA SEQUENCES, RECOMBINANT DNA MOLECULES
AND PROCESSES FOR PRODUCING LYMPHOCYTE
FUNCTION ASSOCIATED ANTIGEN-3

5 This invention relates to DNA sequences,
recombinant DNA molecules and processes for producing
Lymphocyte Function Associated Antigen-~3 (LFA-3).

More particularly, the invention relates to DNA
sequences that are characterized in that they code

10 on expression in an appropriate unicellular host for
LFA-3 or derivatives thereof that bind to CD2, the
receptor on the surface of T-ljmphocytes. More
preferably, the LFA-3 of this invention and its
derivatives bind to CD2 on the surface of T-lympho- o~

15 cytes. Most preferably, they also inhibit adhesion
between T-lymphocytes and target cells. In accordance
with this invention, unicellular hosts transformed
with these DNA sequencés and recombinant DNA molecules
containing them may also be employed to produce LFA-3

20 essentially free of other proteins of human origin.
This novel antigen may then be used in the therapeutic
?aﬂa diagnostic compositions and methods of this

/invention.
f

BACKGROUND OF THE INVENTION

25'hxih T-lymphocytes play a major role in the
immune response by interacting with target and antigen
presenting cells. For example, the T-lymphocyte

mediated killing of target cells is a multi-step
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mnth t hese. DNA sequences and reconbi nant DNA nol ecul es contai ning them
may also be enpl oyed to produce LFA-3 20 essentially free of other
pr 6t ei ns of human ori gin. Thi s novel antigen nay then be used in the

t her apeutic
i nventi on.

and di agnostic conpositiom®=and nethods of this

BACKGROUND COF, THE INVENTICN 25

T-1ynphocytes play RIRERSE Asvelving, adhesion af,a M%Fﬂm*mm

\ﬁh tﬁrgez and ant ¢geq tar 2 kter %’é&'lt:c NAngs! |lﬁ1p|'ilﬁ:r m«yﬂmcy&a initiate
B.- 1Zr5rg ocyte ma'l:hleat:'uenmunle rleré o%set %Yget ce on 't ﬁggtgtl Steﬁ%q;ﬂ:lng
adhesi on of a cytol gelldsT-| ynphocyte to a target cell. And, hel per

DTSy Bt B hipes vich

anti gen- pr esent

T-1 ynphocyt es W|th targetaand: antd gen-presentdndgqaid s axes highly ghl v
speci fic and dependsggcig?cr 25e0febend B theiFecihition UF tdif drpfidfdn OF -

anti gen-presenting ¢ one o SpPEGI f1C anti.gen recept ors
taFﬁﬁﬁhGEyFQtlgen'PEQSA%% fﬁgﬁrég% %#hlgen

on the surface 10
i nteracti on of

10

15

20

25

30

35

the many specific antigen receptors on the surface
of the T-lymphocyte. _

The receptor-antigen interaction of
T-lymphocytes and other cells is also facilitated by
various T-lymphocyte surface proteins, e.g., the
antigen receptor complex CD3(T3) and accessory mole-~
cules CD4, LFA-1, CD8, and CD2. It is also dependent
on accessory molecules, such as LFA-3, ICAM-1 and
MHC that are expressed on the surface of the target
or antigen-presenting cells. In fact, it is hypothe-
sized that the accessory molecules on the T-lympho-
cytes and on the target or antigen~presenting cells
interact with each other to mediate intercellular
adhesion. Accordingly, these accessory molecules
are thought to enhance the efficiency of lymphocyte-
antigen-presenting cell and lymphocyte-target cell
interactions and to be important in leukocyte-endo-

‘thelial cell interactions and lymphocyte

recirculation.

For example, recent studies have suggested
that there is a specific interaction between CD2 (a
T-lymphocyte accessory molecule) and LFA-3 (a target
cell accessory molecule) that mediates T-lymphocyte
adhesion to the target cell. This adhesion is essen-
tial to the initiation of the T-lymphocyte functional
response (M. L. Dustin et al., "Purified Lymphocyte
Function-Associated Antigen-3 Binds To CD2 And
Mediates T Lymphocyte Adhesion, J. Exp. Med., 165,
pp. 677-92 (1987); Springer et al., Ann. Rev. Immunol.
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T-Iynphocytes and other cells is also facilitated by vari ous -

T'l'ynphocyte surface proteins, e.g., the antigen receptor conplex
CD3(T3) and accessory nole- 15 cul es CD4, LFA-1, CD8, and CD2. It is also
dependent on accessory nol ecul es, suck3as LFA-3, ICAM1 and VHC
that are expressed on the surface of the target or_antigen-presenting
cells. In fact, it i(i987r)ol(tia— press)gi.zemﬂ)ammlmmism%oﬂmn% on
the T-1ynpho- 20 Q r I SHRRrP" S
interact with each o herér?g&#eg thl‘gclbgt glrcﬁ ?’%H a hg'gﬂgﬁmﬁq '
Accordingly, these 8PeE§zymyofp @and hedpercd t he
efficiency of |ynphg bﬁocyte dep bhﬂ%ﬁtp dé% Q*'S%ﬂthez-uadrld

| ynphocyt e-t ar get ce era tQ be | gpor.t ant

| eukocyt e- endo- 5 raf&SEPF ﬁﬁ?&ﬁ&éﬁ &%ﬁﬁ d1w th

recircul ation. Hnman T-Lym@hbcgteﬁubd;ammdemwtnlxﬁma; E@melsuggubﬂhd

that there is a spe | nhar agt.l.on :30 I hocyte
ﬁg dﬁfé _53,(‘:3 a1 . &30 sk qu’

accessory nol ecul e) ‘ecul e) -t hat
medi at es T-1ynphocyPP. 7489¢R3si(3@82d )t-he target cell. This adhesion is

essen- tial to the |n|t|ahg§n3o§st&gﬁﬁd'bmp@ﬁgﬁgéﬂUyyagéﬂﬁin cells,

response (M L, Dus et al ﬁggrlfled L, te 35 “Functi on- Asso%.ated
Ant i gen-3 Bi nd®To Eﬁaget CRtdfat EPEFL Renocyhes. . granplo

Med., 165, pp. 6¥teB8? CTR3E); BSiymphoblaistaid cﬁIls,Hsmodthﬂmuﬂcle
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cells, vascular endothelial cells, and fibroblasts
(Springer et al., supra).
Human LFA-3 has been purified from human
15 erythrocytes (Dustin et al., supra). It is a glyco-
protein of 60,000 to 70,000 molecular weight, having -
a sugar content of about 50%. This purified LFA-3
binds to CD2 on the surface of T-lymphocytes and
inhibits adhesion between T-lymphocytes and erythro-
20 cytes (Dustin et al., supra).

However, for ultimate use in therapy and
diagnosis larger amounts of less costly LFA-3 are
required than would be available from purification
from erythrocytes. Moreover, for therapeutic use it

25 would be more preferable to obtain LFA-3 from a source
other than human erythrocytes, which may be contam-
inated with viruses, such as hepatitis B viruses or
AIDS viruses. : '

SUMMARY OF THE INVENTION

30 This invention solves these problems. It
provides in large amounts LFA-3 and derivatives that
bind to CD2, the receptor on the surface of T-lympho-
cytes. More preferably, the LFA-3 of this invention
and its derivatives bind to CD2 on the surface of

35 T-lymphocytes and they also inhibit adhesion between
T-lymphocytes and target cells. More particularly,
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-3--7 « (1987) (in press)). And, nonoclonal antibodies to ei t her
LFA-3 or CD2 have been shown to inhibit a spectrumof cytolytic T

| ynphocyte and helper T | ynphocyt e dependent responses (F
Sanchez-Madrid 5 et al., "Three D stinct Amdgens Associated Wth

Human T- Lynphocyte- Medi ated Cytolysis: LFA-1, LFA-2, And LFA-3", Proc.
][\lat I d Acad. t Sci . Us%i@zinventlml - I?élthl égdﬁ%’jﬁblelfoms Of'?EA-li{:A- 31is
ound on antigen-presenting cells t ar get spegi fi.ca on
monocyt es, granul o- It ath%/t;g:gv@ﬁ_s &F’B'ai]ﬁﬁﬁﬂgﬁﬁf%df%%? P%f %#R)%’f hy
muscl e cells, protdiars ofidivman drigpin sandinin fa bfoih sthat is not
(Springer et al., supra).. . . is KPSs L {4 rom
human 15 eryt hroc&%@?ﬁ%ﬁﬁeﬁayaﬁz:uss%'%&ﬁéj S a gﬁ%%ﬂtfgl B!
protein of 60,080 to 70,000 m¥hicuinventipn accamplishes these goabs iyt
of about 5Q0% This pHyvildhd DNA sequerntidl! cd@ind’on NekpiressiénCin Cin

T-1 ynphocyt es and - inhibits adhesion between I-1vy. ogcyt.es,.and erytbr~o--
20 = cytes (Dustin &PPHOPriake ;Bqlcesllur!l.ar host %vﬂ?g 95 tRP%® mat e use
in therapy and dérdentdived atgarecfioUNoresvérs stiths t ipvedtien qpro-

Vbreover, Tor ther aJogr: N ReusriRe) faiat Gfg haracteLEAE 6 AREK oo
LFA-3 from a sdfr cethey cudecron lexpressionrfonrseluble fptns ofyLBA-3.
Geram, | 1nateo Wi ViT g SR R e dagy cAecsibinant O
i nventi on sol ves t hO¥@ podiecaes qantaining, these DNA FeuencedIndra- 3
and- derivatives thaunicelluldr hddts truwndsfoxmmed with tiltelr fPliesefhosts
T-1'ympho- ‘permit the production of large quantities of the novel
15 LFA-3 and derivatives of this invention for use in a
wide variety of therapeutic and diagnostic composi-
tions and methods.
The DNA sequences of this invention are
selected from the group consisting of:
20 (a) the DNA sequence: the DNA insert carried
in phage AHT16;
(b) DNA sequences which hybridize under condi~
tions equivalent to about 20° to 27°C below
Tm to the aforementioned DNA segquence and
25 that code on'expression for polypeptides
that bind to CD2, the receptor on the sur-
face of T-lymphocytes; and
(c) DNA sequences which code on expression for
a polypeptide coded for on expression by
30 - any of the foregoing DNA sequences.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 depicts the amino acid sequences
of the N-terminal and various peptide fragments of
human LFA-3, purified from human erythrocytes using

35 immunoaffinity chromatography.
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cytes. ‘More preferably, the LFA-3 of this invention and its derivatives
bitnd té CD2 on the surface of 35 T-1 ynphocytes and they al so inhibit

adhresi on bet ween T-1ynphocytes and target cells. Mre particularly,
B. 1459 -2p- this invention relates
to soluble fornms of LFA-3. It al so_provides LFA—3 essentially free of
ot her proteins of human &Hignne & depicts Jve (PRILs of ghemically

cont a{n' nated by ?/I r%ﬁﬁﬁthﬁ%i%di%ﬂ Wldpidé t%m Brobes derived fraﬂ' s
invention acconplishés these goa p in cpdi ng
on expression in ant% %ﬁﬁ‘it@/m I#&“ﬁfgt% ngq'*‘%f Eﬁ%
derivatives thereof huHamGtglttmdBﬁeslvent i on pro- vi des DNA sequences

t hat are char actserl zed in tha%#é{ e;ﬁee &5& éfubéﬁeforms
of LFA-3. Thi s iron 0 pr oVl es rec I nan
nol ecul es cont ai ni nPNEhdNSEINA casptied dn phage AHTAS celFigure h%s@%so

transformed with theg -Q%%S%Héoﬁu%leoud@rﬁ#uéﬁk?e £ WCDIRN 9

quantities of the nov I LFA-3 and d | ves of th| nv.en ala)n gor

use in a _ wide ¢23iDG, o eXpresfdan %‘H‘P% _
tions and nethods. acid sequence dedude tdnspenvns. of this invention are

sel ected from t_l@e group consi i‘tiid%&eou d?e%icts t.hé agelé‘p&%f@wcgf

the DNA i nsert ~Carried
' sequencing plasmid pNNOl.

Figure 5 depicts the nucleotide sequence
of probes LF-10, LF-11, NN-A, NN-B, NN-C, and NN-D.

DETAILED DESCRIPTION OF THE INVENTION

15 We isolated the DNA sequences of this
invention from two libraries: a Agtl0 cDNA library
derived from peripheral blood lymphocytes from leuko-
phoresis #9 and a Agtl0 cDNA library derived from
human tonsil. However, we could also have employed

20 1libraries prepared from other cells that express
LFA-3. These include, for example, monocytes, granu-
locytes, CTL's, B-lymphoblastoid cells, smooth muscle
cells, vascular endothelial cells and fibroblasts.

We also could have used a human genomic bank.

25 For screening these libraries, we used a
series of chemically synthesized anti-sense oligo-
nucleotide DNA probes. We selected these probes
from a consideration of the amino acid sequences of
various fragments of LFA-3 that we determined using

30 LFA-3 purified from human erythrocytes. These frag-
ments are depicted in Figure 1. We selected amino
acids from various areas of LFA-3 that permitted the
construction of oligonucleotide probes of minimal
degeneracy.

35 We prepared two pools of probes. LFl and
LF2-5. These pools are depicted in Figure 2. LFl
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iniﬁhagef[err]HTIG; (b) DNA sequences which hybridize under

condi -« tions equivalent to about 20 to 27[err] C bel ow
Tm.to the aforenenti oned DNA sequence and 25 t hat code on
expr ession for pol ypeptides Jdwat bind to CD2, the receptor
on the sur- face of T-I|ynphocytes; and (c) DNA

sequences which COd‘iso% PHFRY (Hede‘i‘ferate 20-—mer and LPALY PEPLE d?a@f’@ﬂd

for on expression by 3 sequences

the for 0|ng
BRI EF DESCRI PTI ON Odegenenatey Pﬂ@smer- ecause °fo é‘? NRLAGY, P
amino aci d sequenceghis ladfterh®odwl,ewd rﬂibmcwdlths mﬁqﬂ |m&rmnts

of human LFA-3, ur| f&;?ﬁ(_j__f T8 h%n P4 NOEWES US1H® o-fold

i mmunoaffinity chro
B. 1459 ) degeneracy eldahure 2 depicts two pools of chemically

e o huporie, ot e, DYy SRl i g3 dized ne g5 o

Figure 3 depicts thBugleoddde:probss it our cDNA 1ibrarids utilizing a
plagque hybridization screening assay. We selected
clones hybridizing to several of our probes; And,

10 after isolating and subcloning the cDNA inserts of
the selected clones into plasmids, we determined
their nucleotide seguences and compared the amino
acid sequences deduced from those nucleotide sequences
to the amino acid sequences that we had determined

15 previously from our purified human LFA-3. As a result
of these comparisons, we determined that all of our
selected clones were characterized by cDNA inserts
coding for amino acid sequences of human LFA-3.

We have depicted in Figure 3 the nucleotide

20 sequence of the longest of these. cDNA inserts (the
DNA insert of phage AHT16) and the DNA sequence coding
for LFA-3 and the amino acid sequence deduced there-
from. As shown in Figure 3, this cDNA insert has an
open reading frame of 750 bp (250 amino acids), a 16

25 bp 5' untranslated region and a 201 bp 3' untranslated
region. A comparison of the deduced amino acid
sequence of Figure 3 with the N-terminal amino acid
sequence that we determined from LFA-3 purified from
human erythrocytes suggests that amino acids -28 to

30 -1 comprise a signal sequence and that amino acids 1
to 222 comprise the protein sequence of mature LFA-3.

The cDNA sequence depicted in Figure 3 and
contained in deposited clone AHT16 may be used in a
variety of ways in accordance with this invention.

35 1It, portions of it, or synthetic or semi-synthetic
copies of them, may be used as DNA probes to screen
other human or animal cDNA or genomic libraries to
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DNATinsent carried in phage [err]HTI 6. Figure 3 also depicts the

nucl eoti de sequence of a cDNA sequence - codi ng on expression for human

LFA-3 and the am no aci d sequence deduq;d therefrom 10

Figure 4 depicts the relevant portions of ~/7 sequencing plasnid pNNOI .

Figure 5 depicts the nucl.eqti seqirence, 0 F-10, L NN- A,

NB NG and NN SE1€EE BY T TG onovifen AR Sadioncen. Tagt abe,

15 Ve i siedted o m—mqu@;qm:dlyhlmnventmna\hthmidm+m

libraries: a [err]g c@&% &ﬁﬁl I

| ynphocytes froml ett#klgn dl‘%’ores'l Sk a% err] gmﬁ?"ﬁll%?i%raﬁdare

derived from hmimdsmn susheaeleckionsd d Beveverw cless| steingent

libraries prepased Wop@idtidels GRly %é bfécéseu%s«hen thé /A thrdip seslﬁ@iﬁg
te

Smooth miscl o sGHeebathitiia RRAR AN % SERARY | ot s than

snmoot h nuscl e
Ve al so could have ttsmllaHraﬁy} gf.ry).rri ¢Herdcredning of a mougerlibreryi ng

these |ibraries, S s of chem cally synthesized anti-sense

ol i go- nucI eot| ﬁoﬁﬂb’ﬂ%’e %r% ‘sel ected these probes froma

consi deration of the am no aciThes Pl cequence of \Biqure 3, pexkicnsfof

LFA-3 that we dgtergine i heupes ¥ £ NERén| es.
48t er gign %:“?g‘?ﬁ:lﬂ%te 53 Ui éﬁhﬁv\éétgie% ect i

These frag- meni s are | n F| ure am no aci ds
from various areas 3@Y p4s9 g materials ke prepare

ol i gonucl eoti de probe&w‘uswwe&mns. dwermatf&;s may be eitiéeprepared
two pools of probesd LFl q: . LF2-.5. T e A are é:le&l,ct ed

Figure 2. LFI egenerate, i.e., e mu oes no ange, ﬁla%g

amino acid sequence encoded for by the mutated codon,

15 or non-degenerate, i.e., the mutation changes the
amino acid sequence encoded for by the mutated codon. -
Both types of mutations may be advantageous in pro-
‘ducing or using LFA-3's of this invention. For
example, these mutations may permit higher levels of

20 production, easier purification or highet LFA-3
activity. .

For all of these reasons, the DNA sequences
of this invention are selected from the group con-
sisting of:

25 (a) the DNA sequence: the DNA insert
carried in phage AHT16;
_ (b) DNA sequences which hybridize under
conditions equivalent to about 20° to 27°C below Tm
to the aforementioned DNA sequence and which code
30 on expression for a polypeptide that binds to CD2,
the receptor on the surface of T-lymphocytes; and

(c) DNA sequences which code on expres-
sion for a polypeptide coded for on expression by
any of the foregoing DNA sequences.

35 Preferably, the DNA sequences of this
invention code for a polypeptide having the sequence
depicted for amino acids 1 to 222 of Figure 3 (with
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- 6x: . Is a 32-fold degenerate 20-mer and LF2-5 is a 384-fold

degenerate 20-ner. Because of the high degeneracy of this latter pool,
we- subdi vi ded the pool into four subpoals -- LF2, LF3, LF4 and LF5 --
of -96-fold 5 degeneracy each. ' -8~  For screeni ng, we

hybri di.zed our oligo- . nucl eoti de probes_tq our, C |.i_brar,i es
utilizing a pISﬁuglﬁyﬂp¢dP?a?ﬂéﬁtéepéinNW§Q£§%ﬂéfY§9tHQQQﬁﬂ§)

cl gnles hybri ﬁli Zi %b_@rtibﬁsat]yéfre@'ﬂ. Em&esl preﬁai:d ,alxanqt. tale @m} seqiiente and
subcl oning the ¢ inserts Q . the, cte n into plas S, we
det er ni hed t hefPTn Fgot"ﬁfg%éaﬁ‘eﬁégg §ﬁd m&?ﬁﬁfg atsl'né:"&&afﬁ?ra s acid
sequences deduced fthatt bfisFigureest (dmineqacidsesl to 222) lim aider & d
sequences t hat h eeninedsl el fr réofol uman
LFA-3. As ar eéﬁl tilémgégo?_?%ﬁegg, ?gﬁ%%r #??ﬁé'%v\se .get e?r?id%le(fdgfhg?’ all of

our sel ected chyAsephebicchzpnsmembrane,portien .nfad-g from ahauly for -

am no aci dhsequelnceﬁugieggiae 662 %o’?lfs, rt]:o Iallow p‘iﬁd@dﬁmﬁd in
(the -~ DA i nsor FRBELER.BEOLALRL MBS, PRCTRE SN o SReo PP ERFURTEES
for LFA-3 and the aofnthisi inventéonecddéuded soduble protieims ois pEpewn in
U3 o 3BCNSABRR! SolEon o CPRET CHR bRl g P Gl
unt r ansl at ed reéiEnlympbeﬁﬁﬁﬂﬁsonﬁeretD@eééﬁﬁbQGVaﬁhﬁohﬂaﬂﬁ and
derivatives of this invention bind to CD2 on the
surface of T-lymphocytes. Most preferably, they
also inhibit adhesion between T-lymphocytes and target
15 cells. '
The DNA sequences of this invention are
also useful for producing the LFA-3 or its derivatives
coded on expression by them in unicellular hosts |
transformed with those DNA sequences. As well known
20 in the art, for expression of the DNA sequences of
this invention the DNA sequence should be operatively
linked to an expression control seguence in an appro-
priate expression vector and employed in that expres-
sion vector to transform an appropriate unicellular
25 host.
Such operative linking of a DNA sequence
of this invention to an expression control sequence,
of course, includes the provision of a translation
start signal in the correct reading frame upstream
30 of the DNA sequence. If the particular DNA seguence
of this invention being expressed does not begin
with a methionine, e.g., mature LFA-3 which begins
with a phenylalanine, the start signal will result
in an additional amino acid -~ methionine -- being
35 located at the N-terminus of the product. Wwhile
such methionyl-containing-product may be employed
directly in the compositions and methods of this
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seqlience-of Figure 3 with the N-term nal am no acid sequence that we
determ ned fromLFA-3 purified from human eryt hrocyt es suggests that
am,no acids -28 to 30 -1 conprise a signal sequence and that am no acids
1 - to 222 conprise the protein sequence-®%+ mature LFA-3.

The cDNA seguence depicted in Figure 3 and contai ned in deposited
clone [err] HTI 6 may ieverseibn ) it is uswally ymorewdgsirable cto dpemovei t h

this invention. . ynt ' r ] - .

copi es of them rray t&e &%ﬁ@%ﬁ?%ﬁ% O"E%émrlggﬁi&lg a%?"%‘ﬁ%ﬁ%gﬁé

ani mal cDNA or genortihe laitk &0 aseneve such N-terminal methlomnes from

B. 1459 emS€el £t |d|zat|on
ot her DNA sequerg:esré%ﬁpe{t;:;ise’?ﬁ%stse%dt oigéfég Tozalcal?* conyent i onal
hybri di za- i orfeIhaRn | fermen r ¥ oare
enpl oyed in such Sﬁrﬁﬁdﬁﬁt;of{BWBétantiéilftilhgsﬂtthé‘Nﬂﬁdtmiﬁas may be

necessary when the lihrary is bein robe fr

di fferen%/ species t 3/ nine  tn | ‘%r‘%ﬁ‘y é r}P ‘iﬁf :g? gfﬁ]ﬁﬁse

l'i brary with aﬁanuwalnafmthe N-terminal meﬂhmo séﬁunaverofsﬁcgure

3, portions of 10 jd 3 o SRELROYE 4pd | e £RPKASWA' 1
aﬁlngrmlmwa 59

may al so be used as s 0 prepar vari ous nutatlons
Such nutations kfay W®I%ither degener at e, i.e., the nutation does not

change the _ A wide variety of host/expression vector
combinations may be employed in expressing the DNA
sequences of this invention. Useful expression
vectors, for example, may consist of segments of

15 chromosomal, non-chromosomal and synthetic DNA
sequences, such as various known derivatives of SV40 -
and known bacterial plasmids, e.g., plasmids from
E.coli including col El1, pCR1l, pBR322, pMB9 and their
derivatives, wider host range plasmids, e.g., RP4,

20 phage DNAs, e.g., the numerous derivatives of phage A,
e.g., NM989, and other DNA phages, e.g., M13 and
Filamenteous single stranded DNA phages, yeast plas-
mids such as the 2p plasmid or derivatives thereof,
and vectors derived from combinations of plasmids

25 and phage DNAs, such as plasmids which have been
modified to employ phage DNA or other expression
control sequences. For animal cell expression, we
prefer to use plasmid BG312, a plasmid containing
the major late promoter of adenovirus 2.

30 In addition, any of a wide variety of
expression control sequences -- sequences that con-
trol the expression of a DNA sequence when opera-
tively linked to it -- may be used in these vectors
to express the DNA sequence of this invention. Such

35 useful expression control sequences, include, for
example, the early and late promoters of SV40 or the
adenovirus, the lac system, the trp sjstem, the TAC
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aniFno acid sequence encoded for by the nmutated codon, 15 or

ron- degenerate, i.e., the nutation changes the am no aci d sequence
encoded for by the nutated codon. Bot h types of nutations nay be
advant ageous in pro- ducing or using A®=3"s of this invention. For

exanpl e, these mutations nay permt hlgher | evel s of 20 production, easier
purification or higbegr TREAsg'stem, Ihe wajor operator and premotedr rdégidnse

Gronp cont " 7 SBErEBARe 3, tHe HkbrolSigit o A S iR,

i nsert carri edthe pregotesr fpETBephosphoglycerate kinasmes axqideres

whi ch hybridize und n eqpleV ters2titaci SHdsdHatase
&flycol E @?’& 3, CEe ?r%ﬁfo Rita Qﬂ{ o 'y

27[err] C bel ow Tm enent i one equence and “whi ch code
on expression f®r aepSPypEBPﬁdetPﬁaPrBPHG§ e Yeaﬁﬂm?ﬁﬂﬁﬁﬁﬂ&n on the
surface of T-I yrrphosrabearsandnd other sequences) Wmazwe:momiute code

o T B egoi ng AR EhaRBE. VI BebES ¥ ot B R Wi ™
sequences of this cellsnoenthedrcviruses,aand Wagicuse dombinatilonssequence
geELEBEd for amno gpbflsck.! OFéde? aflimanIWed 13 ekpiretsion, we prefer to
10 use an expression control sequence derived from the
major late promoter of adenovirus 2.

A wide variety of unicellular host cells
are also useful in expressing the DNA sequences of
this invention. These hosts may include well known

15 eukaryotic and prokaryotic hosts, such as strains of
E.coli, Pseudomonas, Bacillus, Streptomyces, fungi,
such as yeasts, and animal cells, such as CHO and
mouse cells, African green monkey cells, such as
COS1, COS7, BSCl, BSC40, and BMT10, and human cells

20 and plant cells in tissue culture. For animal cell
expression, we prefer mouse L-cells.

It should of course be understood that not
all vectors and expression control sequences will
function equally well to express the DNA sequences

25 of this invention. Neither will all hosts function
equally well with the same expression system. How~
ever, one of skill in the art may make a selection
among these vectors, expression control sequences,
and hosts without undue experimentation and without

30 departing from the scope of this invention. For
example, in selecting a vector, the host must be
considered because the vector must replicate in it.
The vector's copy number, the ability to control
that copy number, and the expression of any other

35 proteins encoded by the vector, such as antibiotic
markers, should also be considered.
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or:without an additional N-termnal mnethionine) or portions thereof.
Nore preferably, the DNA sequence for this invention will be nodified
as_ conpared to that of Figure 3 (amino acids 1 to 222) in order to 5
rerove fromit those portions that code for=X3Ie hydr ophobi c
transnmenbrane portion, e.g., from about nucl eotide 662 to 715, to

al | ow production of a smdn selmcﬁmigl anVespressiomtontrdl dédfuence.

sequences of t.hi sl i [

tiges that bind to aﬁé&% 8?e]£aor 5 sryz’(us:]'u%r)faq'éH B é}ﬁ?&fi%er%'hocyt es.
More preferably, thEhepe inglude, foreexamplens e melative mtrengthdf o
CD2 on the sur ggee 9fst1ém' YMO%&&&- 'M:Llﬁ!ﬁ?i eréﬁi N&uté hedmpatibfl 56y

i nhi bit adhesion betvveen T-1yrphqc tes an tar et

The DNA sequences oWithi the,pax ‘Efs'ef ""flb‘rs pFRYRRERR A he
hFA-S or its der:cvapareicu%arlgoded aemsr m‘{%:u timndaxylés:al'dcﬂ arh

osts transfor wi t guences. ? [éq?% in the

art, for expressi on€§F €Bne g‘&% 31:% ’
sequence shoul d be opmsaderation of mhqmmmmmummhe othosen

sequence in an appr a ‘edqg Ye

expr es- si on vggfg?rt'o trbatﬁgﬁﬁ%gzggg@g? ate u_n| ce I%I‘g? é@f host
Such operat i velPi nkF#gRoPYa Dgl@qmnces af this invenkicm §Q them

expression control tnemeneecreuonotmummsﬁdﬂetuén b btyreef a
in the conrect readl am.30 of

he DA Sequence. | FPLABERRPARE, PRETBIN g s Feoneita il | fRRes,

bei ng expressed doements,bapdnthe easet Iofapm:l:d'ﬁmmam ef). therprodudis\- 3

whi ch begi ns. "tbled BRCRYDZEAR:RR f%ﬁa% d lof AL

in an additional am no aci, ronin ocat ed
N-termi nus of 19e piBU@Btionw|e such net hi onyI cont ai ni ng- pr oduct
may be enpl oyed Within these parameters one of skill in

the art may select various vector/expression control

system/host combinations that will express the DNA

sequences of this invention on fermentation or in
20 large scale animal culture, e.g., mouse L cells.

The polypeptides produced on expression of
the DNA sequences of this invention may be isolated
from the fermentation or animal cell cultures and
purified in a variety of ways well known in the art.

25 Such isolation and purification techniques depend on
a variety of factors, such as how the product is
produced, whether or not it is soluble or insoluble,
and whether or not it is secreted from the cell or
must be isolated by breaking the cell. One of skill

30 in the art, however, may select the most appropriafe
isolation and purification techniques without '
departing from the scope of this invention.

The polypeptides produced on expression of
the DNA sequences of this invention, e.g., met-LFA-3

35 (amino acids 1-222 of Figure 3) or LFA~3 (amino acids
1-222 of Figure 3), the preferfed'smaller less hydro-
phobic derivatives thereof, or the more preferred
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dlrectly in the conpositions and nethods of this

B. 1459 -9- I nvention, it is
usual ly nore desirable to renove t he net hi oni ne before use. Methods
aré available in the art to renove suckl2¢term nal nethionines from

pol ypepti des expressed with them For exanple, 5 certain hosts and
fernmentation condltEmlnhiawdar1vat1vesnﬁh§reﬁfsuﬁ&eamssentyably freehef

N-t er i nal e AU paldt ek of @@ﬂ%ﬁf@&%& %atd ﬂbfreont%ml-

renmoval of the N-termn
vitro nethods are matadq&mwmw.lcsuclarqs ‘hepatitis B Vlr')ﬁv@%‘é AfPPety

of host/expression Wegisl they d%&ﬂaﬂﬂﬁéféﬁtftﬂw@qnym%(bﬁihfﬁeaxﬂféﬁSIng

t he DNA seguencges of th| i nvention. Useful expression vect ors,
for exanple, may co €F¥§§£ﬂﬁﬁi§%ﬁ 15 chronosomal , non-chronmosonal
and synthetic DNA sequen@heses pulypeptides sake cuse fel | int Composi- SV40

B bR poRaze - pRBS ﬁﬁm%&m‘”%éﬁ%.ves to, Apguest, thd ikl O
pl asmids, e.g., Rp4remoqaeagem§x anpje, tthe polypeptides ofi YRES of
phage [err], € 1hvertRRO aran Gt N4 iNEiPeing - SytolgBiand
Fllanenteous si,ngl e_stranded DNA phages, yeast pla ds. such as the
2[err] plasni di8r dgf'hmg’\?%é"&?g’l )i)y 1n1?er§er1ng with their
interaction with target cells. They have a similar
effect on the immune response because they interfere
with the interaction of helper T-cells and antigen-
presenting cells. Furthermore, the compounds of
15 this invention may be used to target specific T cells
for lysis and immune suppression or to deliver drugs, -
such as lymphokines, to the specifically targeted
T-cells. More preferably, soluble derivatives of
the polypeptides of this invention may be employed
20 to saturate the CD2 sites of T-lymphocytes thus
inhibiting T-cell activation. This effect is plainly
of great utility in graft-vs-host disease, in auto-
immune diseases, e.g., rheumatoid arthritis, and in
preventing allograft rejection. Furthermore, the
25 polypeptides of this invention are preferred over
monoclonal antibodies to LFA-3 or CD2 because the
polypeptides of this invention are less likely to
elicit immune responses in humans than are antibodies
raised in species other than humans. The therapeutic
30 compositions of this invention typically comprise an
immunosuppressant or enhancement effective amount of
such polypeptide and a pharmaceutically acceptable
carrier. The therapeutic methods of this invention
comprise the steps of treating patients in a pharma-
35 ceutically acceptable manner with those compositions.
The compositions of this invention for use
in these therapies may be in a variety of forms.
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and-vecters derived from conbi nati ons of plasmds 25 and phage DNAs, such
a&s plasm ds whi ch have been nodi fied to enpl oy phage DNA or ot her

expr essi on control sequences. For animal cell expression, we prefer
to-use plasnmid BG312, a plasm d containi ng=l3= the nmjor late pronoter of

adenovirus 2. 30 I n addi tion, any of i w de varlety of
expressi on control Thegenivclude s cfotnezamphey sohid, semirgplideand

expression of a DN&f&ﬁ@nassafaenfeﬁﬁga-such abi tﬁbletlsnkpille,l powdeir®y, be
used in these vectors his inventi.on.

to express the DNA segg i
Such 35 useful exptk@3i@rsebREIOns seF SHERENSEA 1pp§pmes, SURRRSE,
the early and | ate {oeies grinpéctadle oandhinfusabddesolutionst he Thac
system the tr syst he,T,
B. 1459 8> é%efred f%rm depends ogothe 1ntengeqRepsyst§h] t he
maj or operator and ¢dmmnns¢rabgonnsnd thepapeutic pppijcatiensonihe

regions of fd coat 0 S ki nase -
or ot her gl yco yﬁ%:gtﬁ:ions aigﬁ lgf?gan%t&%‘& (5).}1319.5@ e?gg?g? ggga

e.g., Pho5, the prPRAGRACSY %%Ei Ea%? ﬁgcarrlepgc anaaaﬁﬁer
sequences known t o vaeidh Caré hﬁzown texthései of skilknia thepaeitaryotic or

UATYOUI S 4R Col e abEy e 5o f 48 S s58TIL0RRAIEN sue, 4
control sequence dethereformonftacunit dose and will usually be adminis-
tered to the patient one or more times a day.
Generally, the pharmaceutical compositions
of the present invention may be formulated and admin-
15 istered using methods and compositions similar to
those used for other pharmaceutically important poly--
peptides (e.g., alpha-interferon). Thus, the poly-
peptides may be stored in lyophilized form,
reconstituted with sterile water just prior to admin-
20 istration, and administered by the usual routes of
administration such as parenteral, subcutaneous,
intravenous or intralesional routes.
The polypeptides of this invention or anti-
bodies against them are also useful in diagnostic
25 compositions and methods to detect T-~cell subsets or
CD2+ cells or to monitor the course of diseases
characterized by excess or depleted T-cells, such as
autoimmune diseases, graft versus host diseases and
allograft rejection.
30 Finally, the polypeptides of this invention
or antibodies against them are useful in separating
B and T cells. For example, when bound to a solid
support the polypeptides of this invention or anti-
bodies to them will separate B and T cells.
35 In order that this invention may be better
understood, the following examples are set forth.
These examples are for purposes of illustration only,
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maj- or | at e pronot er of adenovirus 2. A wide variety of

uni cel:l ul ar host cells are al so useful in expressing the DNA sequences
of this invention. These hosts may include well known 15 eukaryotic
and prokaryotic hosts, such as strains of _;,_ E.coli, Pseudonpnas,

Bacil lus, Streptonyces, fungi, such as“yeasts, and animal cells, such

as CHO and nmou C S fLl.C Kk :Q.2 a 1
oos7, BSCL, BSCA0, 4 %1ﬁ?€a{ﬁé.§§ngéﬁge# Hgd) ge i%%?%ﬂ?e%&?pien of
tissue culture. Fotheninuentibh in anyxpeRpderen, we prefer nouse -L-cells.
It should of course be understood that not all vectors and expression

control sequences w || function equagkimeekls to express the DNA
sequences 25 of this invention. NeitheT WiIT all hosts function

equal ly wel | with tperffi€atikohcandosequeneing-of Human EFA~3:0ne of skill
in the art may nmake a selection anong these vectors, expression .
control sequences, and hwet puri fiedt thedhumanp &FPrdn thiato wea ethplioyied,t
selecting a vector EerdefEtRee triptic! Bragneite ol ro detBtRiblelthel
nust replicate in ipartial amingecacid segugpcasnBepicted am FlgRIEolcontro
that copy nunber, apgohh6utdfteqshanaff e2Prhebbgtesdd (obtatitieds faamoded by
the vector, such as,an(ibl ety crol2" *§eamnan hlsdathud2et2]>udsky s
B. 1459 . ’
10 modification to procedure of Dustin et al., supra.
For completeness that modified purification procedure
is described below.
We purified monoclonal antibody (MAb) TS2/9
(sanchez-Madrid et al., supra) from hybridoma culture
15 supernatants by (N54)2504 precipitation and protein A
affinity chromatography. We then used this purified
MAb to prepare affinity columns for use in the fol-
lowing purification.
We coupled purified MAb to Sepharose CL-4B
20 by a modification of the method of Cuatrecasas (March
et al., Anal. Biochem., 60, p. 149 (1974)). We acti-
vated washed Sepharose CL-4B (Pharmacia, Upsala,
Sweden) with 40 mg/ml CNBr in 1 M Na,Co, for 10 min
on ice and then washed it with distilled water and
25 0.1 mM HCl. We filtered the activated Sepharose to
a moist cake and added it to the purified antibody
solution with 2-4 mg/ml IgG (LFA-3 MAb or mouse 1gG)
in 0.05 M NaCl and 0.1 M NaHC03 (pH 8.4). We then
mixed the suspension end over end for 20 h and then
30 Dblocked any remaining reactive groups by addition of
ethanolamine to 50 mM and incubation for 1 h. We
checked the supernatant for uncoupled antibody by
measuring absorbance at 280 nm. Coupling was usually
on the order of 90%. We then poured the MAb-coupled
35 Sepharose into a column and washed it with one cycle
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I n"sel ecting an expression control sequence, a variety of factors
shoul d al so be consi dered. These include, for exanple, the relative
strength of the system its controllabiljty, and its conpatibility 5
with the particul ar DNA sequence, of this i Tt ion, particularly as

oloctod by o corth d At RGP RiubbER estmé‘ﬁsi IrbeRarergegntor -
vect or, theft?ﬁ: g|f§/ﬁﬁﬁ(}?5&%t6m v exprgs- sion by the DN?
Their ability to - fold prolGIRELEIeAES LERSE PR AP TP EraBibEC:

ments, and the ease wiftlp EritamtX-ak0®by mff.n:mﬂtmmhromatognanhynas

expression by the é#¥35§¥¥3 ent i
Wthin these paranggé?s one é??%iﬁéa]{buStﬁﬂ g$t9f°' %E?%%? varlous

vect or/ expressi on c@erfgrmed akl fkepsAt %dﬂblnatlons that “wi |l express

thelDNA el seﬁgences of tmEWéfbﬁﬁﬁiﬂﬁacﬁhfdﬁﬂ@atﬁﬁmﬁﬁ ét%tnraaytebarge
scal e ani mal cul tur us

produced on expr essieﬁ'}'r?nb%e % ﬂl%%‘im (Needham, ; %@gﬁ#& ﬁgﬁgé S
i sol ated f rom Maaviashm’nteﬁlxm from2 nmite| of cwholecblaod 3 times

fied in a 0 | |
gﬁ(rjl plu(ral f : cati on te(%lnl ues gggﬁgi é(P e ntﬂ&?r?é% g?r?dftﬁgcgaéﬁsuc éfﬂs
how the product is to éaguki mlman eﬂddﬁdrﬁkothe¥s5ggln%l@fo?Bs (pH
i nsol ubl e, and et RErH 29N Gri o XSEEG S1E Gt gﬁh&iﬂﬁnéﬁh&lﬁﬁlfonyl

must be isol ated by RJreaking the ceII Cne of, skill he art
gt o HEvpRLn, 1RBiPiFor

however, may sel ect dgacet aml cﬂ%ﬁlg
t echni ques wi t hout umts;imuaratpru;irnmnwetlwawdoéemlsuspensionnwh:.le

15 stirring. After 1 h we centrifuged the lysate at
150,000g for 2 h. We then passed the cleared lysate -
over two columns in series at a flow rate of 20 ml/h:
(1) a mouse IgG-Sepharose column (2 ml at 2 mg/ml)
to absorb some contaminants and to filter out any

20 particulate material, and (2) an LFA-3 MAb-~Sepharose
column (5-10 ml at 2 mg/ml). We washed the LFA-3
MAb-Sepharose column with 5 column volumes of 50 mM
sodium phosphate (pH 7.2), 0.25 M NaCl, 0.1% Triton
X-100, then 5 column volumes of 20 mM triethylamine

25 (pH 11), 0.25 M NaCl, 0.1% Triton X-100 and again
with .2 column volumes of the pH 7.2 buffer, all at a
flow rate of 1 ml/min. We then eluted the remaining
bound LFA-3 with 5 column volumes of 50 mM glycine
HC1 (pE 3), 0.25 M NaCl, 0.1% Triton X-100 at a flow

30 rate of 20 ml/h. We neutralized the eluted LFA-3 by
collecting into 0.1 volume of 1M Tris-HC1l (pH 8.6),
0.1% Triton X-100.

When we used octyl-f-~D-glucopyranoside (0G)
(Caibiochem) to elute LFA-3, all steps were the same

35 until after the high pH wash. At that point we washed
the column with 5 volumes of phosphate buffer (pH
7.2), 0.15 M NaCl, containing 1% OG, and eluted the

B.1459%



The'polypeptides produced on expression of - the DNA sequences of this
Fnvention, e.qg., nmet-LFA-3 35 (am no acids 1-222 of Figure 3) or LFA-3

(am no aci ds 1-222 of Figure 3), the preferred snaller |ess hydro-
phobi c derivatives thereof, or the nore prehgJ ed
B. 1459 -12- sol ubl e derivatives

thereof, are essentpphly hkefgOllycineOb¥irel (it 33 Ofo.ugTan Md1y naand
are not contam- . nat ed )iw,ruses,_s_uch as hel at‘l.:#s B yirus _an AIADS.
Thus, they are diff@Fent ThRaflEEACR pEELAley Was,H g #&ﬂ%%’&e
These pol ypepti des @ithugefitbn X-100R0SWe followedduanLFAGh@irrilfida-ock
this” 20T vent ontaPB Py A geRTRRARES tatly® Bt W3R oty B
activity by intBrfeassgyw(Bawkesi et al.,i Analac Biochem.h 2d%eP.cd4d. They
heve a sinilar _ g§§22t QthﬂBSLFFHpg onse because they interfere .
with the |nteract|oﬁ 0 erper T-cells and antigen- . presenting cells.
Furthernore, the conpounds of T@sPreRaZe; khenpusd fked IFArd.Fax n
U110, T S5, LB ac s wencs scasein s itk
f)lrjgf e?ZbI g,rrpsol ubl eiEePﬁﬁﬁgi Ee)'giXF°51°a§th{g&F§Fﬁé’5‘fiF’@e}°o$”} is?mﬂ\?tﬁ‘ﬁ'ison
may be enployell0 instructions with minor modifications (Genzyme, Boston

Massachusetts). We first separated the LFA-3 from

the detergent by ethanol precipitation (Triton X-100)

or ultrafiltration (0G). We then denatured the LFA-3

(1 nmol) by boiling with 25 ul of 0.5% SDS, 0.2 M

15 2-mercaptoethanol for 5 min. We next treated the

denatured LFA-3 with 5 U/nmole N-glycanase in 50 mM

Tris-HCl (pH 8.6) with 3% Triton X-100 and 10 mM

1,10-phenanthroline for 20 h at 37°C in a final volume

of 50 pl and precipitated the deglycosylated LFA-3

20 (NG-LFA-3) in ethanol (5 vol. 100% ethanol overnight

at -20°C).

We prepared highly purified N-~glycanase
treated LFA-3 (25 kd) by preparative SDS-PAGE and
electroelution. We reduced N~glycanase~treated LFA-3

25 (approximately 350 pmoles) with 5mM DTT in 250 mM
n-ethylmorpholine acetate, 1 mM EDTA, 0.2% SDS (pH
8.25) under argon for 5 min at 100°C, and alkylated
it with 11 mM sodium iodoacetate for 30 min at 23°C
in the dark. We desalted the product (CM-NG-LFA-3)

30 Dby gel filtration on Sephadex G-25 M equilibrated
with 0.2% SDS, 250 mM N-ethylmorpholinoacetate (pH
8.25) and lyophilized it. We then dispersed the
lyophilized LM-NG-LFA-3 in 10 ml absolute ethanol,
stored at -20°C for 7 days, and recovered the LFA-3

35 Dby centrifugation at 6000 x g for 30 min at 4°C. We
dissolved the pellet in 400 pl of 0.1 M NH,HCO, and
digested it with TPCK~-trypsin (15% w/w) as described
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20-to saturate the CD2 sites of T-lynphocytes thus i nhibiting T-cel

Aactiyvation. This effect is plainly of great utility in graft-vs-host
di sease, in auto- i mmune di seases, e.g.,_rggpnatoid arthritis, and in
preventing allograft rejection. Furthernore, t& 25 pol ypeptides of this

[ ti _ f . ] | ti,RQdies t - CD.
because the - polypelli HERIBFRYNRE RhoantBlr 2531 B35 RILILFAES) - The
elicit i mmune responseacidifiiednthehdigest withbdoredc acidaitoea ifiinadeci es
other than humans. Thec&ﬂ@éﬁffﬂfiﬁnBQf gggﬁ?ﬁihﬁ%”%d@h %Bhpig@¥%¥¥%§%}y

typically conprise an ,nnunosuggre or enhancenent
amount  of such pofypebiraataddthepfnpgmentsi by reversepphase bigh
carrier. The therapeutppesstibedsighidhchrondtdgiraphy on @OMaTrow botesicyps

of treating patients in harpa- 35 ¢ i.eal [y ,acceptabl e nner, W
those conpositions. €© un (H&uagﬂgec%b rt QoS & 8‘%’hl"?'i %@ﬁ"ﬂl&? #h&bs)'

use in these ther &3¢ ecelutgdbthenresuidtingypeptiidesswith a gradient of
B. 1459 ces -13- i £ ar
exanple, solid, sem - $3TT %%ﬁnle (Pi at‘]’?‘a c}ig‘s_g@é'zf g%s@%gfgﬁggy?aﬁ%ds 1at
pills, powders, = lagflewsoatei ofis0e3 BULPMANs(OnS, minydTartdonshedng
tories, injectablgy andcorieseeas. Sow méistored thelcolamn®eluat@siarebéth
on the intended node o aggbnlstratlon and therapeutic application.
The 14 and mn. :

We subjected each of intact LFA-3 (300
pMoles), NG LFA-3 (50 pMoles) and tryptic fragments
of CM-NG LFA-3 (5-50 pMoles) to automated Edman

15 degradation using an Applied Biosystems 470A gas
phase sequencer in the presence of polybrene (Hewick -
et al., JBC, 256, p. 7990 (1981)). We identified
PTH-amino acids on~line using an Applied Biosystems
120A PTH analyzér. Sequencing of the intact protein

20 yielded a sequence of 38 amino acids as shown in
Figure 1. Four tryptic fragments, T,,_ ;3. Tg3r
T105° and Teg yielded the other DNA sequences, which
are shown in Figure 1.

Synthesis _of Oligonucleotide Probes

25 We chemically synthesized two pools of
anti-sense oligonucleotide DNA probes coding for
regions from the amino terminal sequence of LFA-3
characterized by minimal nucleic acid degeneracy
(see underscoring in Figure 1) on an Applied

30 Biosystems 30A DNA synthesizer. For each selected
amino acid sequence, we synthesized pools of probes
complementary to all possible codons. We synthesized
the probes anti-sense to enable hybridization of them
to the corresponding sequences in DNA as well as in

35 mRNA. We labelled our oligonucleotide probes using
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conposi ti ons al so preferably include conventional pharmaceutically

acceptable carriers and adj uvants whi ch are known to those of skill in
the art. 10 Preferably, the conpositions of the invention are in t he
formof a unit dose and will usually be admtBrs- tered to the patient

one or nore tinmes a GEneralgé t.he pharmaceuti cal

conpositions oEY?%ePbréanﬁnﬂnP@lYn yeleeyide kinagea(Maxamiaddyin- 15

i stered using net hqgpl1peftsoppes. t NQRs . SABRMAr skd., 74 tbesgsmsnghqo)qther
pharmaceutically inportant p ha |nterf

Thus, the poly- peptldesAg;9eB%°§g§réB ?H;E;Spﬁvll ide
reconstituted wth prabelpouhtnrljwas ar 20+men admhnazzﬁbld daganenapyand

adm ni st ered by5t hePiJh@gg gftsﬁg?og vas gdgbn rog,%ltr_%n3§gc@°§_% ra%rg@}‘t eral

subcut aneous, U PhiYare S|ona
pol ypeptides of thieragyentHoweverante- reducsoatesdsgenﬁgacwhemﬁaeanﬂhﬁr

useful in diagnostigjxeq tﬁfgpﬁébi'fﬁsfaﬁﬂ Sﬁbﬁ@@istQfdg%eEbiﬁr@@deﬂéﬁaﬁy _

or CD2+ cells or taq noni e cou

i sease ragterized
by excess or depl et®REH- %nglgﬁiﬂgaghe aegSBFEIaFﬁuFF %HPSJQ%Eﬁ
Vﬁrsuslhost di seasesn@ndf its ﬁbhbgpoéslbkeenucmeotﬂﬂes for each dﬁhpddl%
the pol ypepti K} t & '
useful in sepgﬁatl n"éé hﬁﬁeﬁéﬁ%&ﬁggeﬁlg gﬁgﬁgé;a gl%‘@#]%&n%%?ﬁ solid
support the pol ypepségusncet fhom theehhreq pooist containipgdiiacoryectem
will separate B andsdaséidss dﬁ;lﬁ dizatiohNof' ¢he ihdivila) BuSRdolR

may be better erstoo omtng exanp es are set fort

These exanpl es are QN $IF9§P§&P¥B§ BHpan tonsil mRNA, as
B. 1459 described prev1ously (Wallner et al., Nature, 320,

15 pp. 77-81 (1986)). Oligonucleotide probe subpool LF2
hybridized to a 1300 nucleotide transcript in human
tonsil RNA, which suggested that it contained the
correct sequence. Hence, we used it and pool LF1l

- for screening our various libraries.

20 Construction of Agtl0 Peripheral Blood
Lymphocytes cDNA Library

To prepare our Peripheral Blood Lymphocytes

(PBL) DNA library, we processed PBL from leukophoresis
#9 through one round of absorption to remove mono~

25 cytes. We then stimulated the non-adherent cells
with IFN-y 1000 U/ml and 10 ug/ml PHA for 24 h. We
isolated RNA from these cells using phenol extraction
(Maniatis et al., Molecular Cloning, p. 187 (Cold
Spring Harbor Laboratory) (1982)) and prepared poly

30 A mrRNA by one round of oligo 4T cellulose chromatog-
raphy. We ethanol precipitated the RNA, dried it in
a speed vac and resuspended the RNA in 10 pl H,0
(0.5 pug/pl). We treated the RNA for 10 min at room
temperature in CH,HgOH (SmM final concentration) and

35 B-mercaptoethanol (0.26 M). We then added the methyl
mercury treated RNA to 0.1 M Tris-HCl (pH 8.3) at
43°C, 0.01 M Mg, 0.01 M DTT, 2 mM Vanadyl complex,
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-14- and are not to be construed as limting the scope of ‘the

I'nvent4 on in any nmanner. EXAVPLES

Purification and Sequenci ng of Human LFA-3:._ 4.5 W purified the
human LFA-3 that we enpl oyed to generate tryptic fragnents and to
determ ne the aC|d S depi Fi P
from out dat ed hunan epytﬁpégg;eslgoﬂﬁal%EEF?F%%I' E'ﬁgfq¥?%an %gggf

Needham Massachuse®t 5) mMsidAgPa 20 pCiddi-fi SIGAIR ﬁ@dpﬁ@b@dépévdfﬂﬁﬁktfn et

l ., F nimeds
?s de:glrolrged bel o Oieggmbett%%g%ﬂ%t“@qu ?@%%ﬂ onal Uaant F%lg%yeq%lvt%bé

TS2/ 9 (SanchezVQQHde°§t59IP1~su PnFﬂbﬁ
super nat ants bys(NHhertbbhetehﬁe&emhkepe@@ Blhaemoa4andagte&emmm&h time

a1ty chyomat ogr gy ot ek SRelERACIGh BY biecdgasesafl B 2 A
We coupl ed purifi edoMBbMt BD3&phar ose CL- 4B 20 by a nodification of the
T O oy eSS (W Ch e pivacon 498 pol Ui e v P an
Sweden) with 40 ng/ etuelBrvolume nﬁN@p@mppcepépﬁpfhsm 13 :3i)n and pPreciRie and
then washed it bﬂthtﬂtéhlEh&daﬂﬁkéhsau%y%é'Qm% el with 0.k Yot ®f
activated Sepharose
0 M NH4AC and 2.5 volumes EtOH and dried it under
vacuum. The yield of cDNA was 1.5 ug.
We synthesized the second strand according
to the methods of Okayama and Berg (Mol. Cell. Biol.,
15 2, p. 161 (1982)) and Gubler and Hoffman (Gene, 25,
p. 263 (1983)), except that we used the DNA poly-
merase I large fragment in the synthesis.
We blunt ended the double~stranded cDNA by
resuspending the DNA in 80 pl TA buffer (0.033 M Tris
20 Acetate {(pH 7.8); 0.066 M KAcetate; 0.01lM MgAcetate;
0.001M DTT; 50 pg/ml BSA), 5 pg RNase A, 4 units RNase
H, 50 uM 8¢ NAD , 8 units E.coli ligase, 0.3125 mM
dATP, d4CTP, 4dGTP, and d4TTP, 12 units T, polymerase
and incubated the reaction mixture for 90 min at
25 37°C, added 1/20 volume of 0.5M EDTA, and extracted
with phenol:chloroform. We chromatographed the
aqueous layer on a G150 Sephadex column in 0.01M
Tris~HC1l (pH 7.5), 0.1 M NaCl, 0.001 M EDTA and
collected the lead peak containing the double-stranded
30 cDNA and ethanol precipitated it. Yield: 605 pg cDNA.
We ligated the double-stranded cDNA to
linker 35/36
5 ' AATTCGAGCTCGAGCGCGGCCGC3 !
3t GCTCGAGCTCGCGCCGGCGS!
35 using standard procedures. We then size selected
the ¢DNA for 800 bp and longer fragments on a S500
Sephacryl column, and ligated it to EcoRI digested
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a noi st -cake and added it to the purified antibody solution with 2-4
g/ M 1 gG (LFA-3 MAb or nouse | gQ in 0.05 MNaCl and 0.1 M NaHCJO err]
(pH 8.4). W then m xed the suspension end over end for 20 h and then
30" bl ocked any remmining reactive groups=BP=addition of et hanol am ne
to 50 mM and incubation for 1 h. W checked the super natant for
uncoupl ed antibody bgtl0. Weapackagedpadimuets &f tbe digatien megctden

usual l'y on the;ﬁrdfgaﬁak9Q§trE€e§Eﬁe)pa%a§dtm@ Wb thel Rlapfh £

Sepharose into a colunn an it with

B. 1459 urer's pro%ocol We usg et%% paqugﬁﬁ ?PagﬁﬂtﬁH 3
buffers (see bel ovv):.heéctezueelioBNNmz eklilsi andcplatedoghepkells for

Ve purified th b|| t

affinity chronm ogr%%ﬁ?igg a§9 éV| *gggslﬁf’ﬁwéﬁtﬁ%? %r{é JJ'Pg&)supr a).
W per f or ned a1L1358b§ anndppenpent recombinants. \\¢ obt ai ned outdated-
human erythrocyt es. fromthe Anerican Red Cross (Needham )

Massachusetts). sc¥éepinlcdfCehbsLipelriegni ts of whole blood 3 tines 10
with PBS (pH 7.2). —V& U1 Ne packed cells to about 500 mi

and added another 500 m of PR& &preened ﬁuﬁhnwtbhsi%)XQERQHCENMDQABkaﬁy
phenyl et hyl sul fony}yong of! 4971 98rod. Nak990RERHATSAT .3"820: .0 Y75

10 (1985)) and the PBL cDNA library prepared above with
our labelled oligonucleotide probe LF1 using the
plaque hybridization séreening technique of Benton
and Davis (Science, 196, p. 180 (1977)).

We pelleted an overnight culture of BNN102

15 cells in L broth and 0.2% maltose and resuspended it
in an equal volume of SM buffer (50 mM Tris-HCl (pH
7.5), 100 mM NaCl, 10 mM MgsO,, and 0.01% gelatin).
Thereafter, we preabsorbed 9 ml of cells with 1.5x106
phage particles at room temperature for 15 min and

20 plated them on 30 LB Mg plates. '

After incubation at 37°C for 8 h, we lifted
the filters from the plates and lysed them by placing
them onto a pool of 0.5 N NaOH/1.5 M NaCl for 5 min,
and then submerged them for 5 min in the same buffer.

25 We neutralized the filters by submerging them in
0.5 M Tris-HC1 (pH 7.4), 1.5 M NaCl, two times for
5 min each, and rinsed them for 2 min in 1 M NH,OAc,
air dried the filters, and baked them for 2 h at
80°cC.

30 We prehybridized and hybridized the filters
to oligonucleotide probe LFl in 0.2% polyvinylpyroli-
done, 0.2% ficoll (MW 400,000), 0.2% bovine serum
albumin, 0.05 M Tris-HCl (pH 7.5), 1 M sodium
chloride, 0.1% sodium pyrophosphate, 1% SDS, 10%

35 dextran sulfate (MW 500,000) and 100 pg/ml tRNA. We
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unirts/m «aprotinin to the red cell suspension wile 15 stirring. After 1

R we eentrifuged the |ysate at 150, 0009 for 2 h. W then passed the
cl éared | ysate over two colums in seri at a flowrate of 20 m/h:
(1y a nouse |gG Sepharose col um (2 n1 at Zéi} to absorb sone

contaminants and to f||t a partl ul | al nd (2) an
LFA-3 Mab- Sephar ose 9€ ected the %’ B34z ing 2 ‘ﬁee ¢85 BY  he' LrA 3
MAb- Sephar ose col umautioads. oend aPHYAKﬂUHES of 50 mw sodi um phosphat e

§71I?AHtr7i 2% hyloarzn'Sml\a/I glgd (lei/ol) eo%%ﬁ%alé ]sq% %}Eﬁ]l to%‘ygmla 20

with 2 col um vol unfgonf thee BBL il:brmmr @md allz mmet—we rhaggé rfxem gthe

m/mn. W thengel uttggllstllj_e rﬁ;ﬁﬁ nNg we Q' thede CFloHés Vand NES
of 50 nNIegC|ne oTrJton X100, ,at a flow
30 rate of 20 mi/hP muﬁ-e &-Iﬁ)lféadéﬁé‘@fut T dengity using the.§ e
into 0.1 volune of piobel.s-HA (pH 8.6), 0 1% Triton X-100.

ol T oot o et o he eSS UqTeeq ol Aidh CHER Eforieg’
poi nt we washed withe EcoRImand hybzidiized shem mmsg}m@mmm besgH
;' ?41590' 15 M N3gl . ¢94t Al 7921l UsPhg i %dﬁ‘lﬂf&fﬂ‘%lot technique (E. M.
' Southern, J. Mol. 31o1., 93, pp. 503-18 (1975)). We
then further characterized the DNA from two clones
of the tonsil library (AHT16 and AHT12) and two clones
from the PBL library (AP26 and AP24) by DNA sequencing

15 analysis.

Sequencing of cDNA Clones

We subcloned the EcoRI digested DNA from
clones AHT16 and AP26 into vector pNNO1 to facilitate
sequence analysis.* AHT16 has 2 EcoRI fragments which

20 we individually subcloned into pNNOl1l resulting in
plasmids pHT16H and pHT16L. The entire insert of
AP26 is contained on a single Notl fragment. For
subcloning, we used the vector's EcoRI site or Smal
site employing techniques in common use.

25 We determined the DNA sequences of our
subclones largely by the method of Maxam and Gilbert
(Meth. Enzymology, 1980). However, for some frag-
ments, we used the related procedure of Church and
Gilbert (Proc. Natl. Acad. Sci. USA, 81, p. 1991

30 (1984)). The structure of pNNOl enables sequencing,

* We constructed sequencing plasmid pNNOl by
removing the synthetic polylinker of pUC8 by restric-
tion digestion and replacing it with a new synthetic
35 segment. The 2.5 kb backbone common to the pUC plas-
mids, which provides an origin of replication and
confers ampicillin resistance, is unchanged. The
novel synthetic portion of pNNOl is shown in Figure 4.
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LFA-3 using glycine buffer (pH 3), 0.15 MNad, 1% OG. The el ution

profite was simlar to that obtained with Triton X-100. W foll owed
our LFA-3 purifica- tionin a seniquan jtative manner using a "dot
blot" 5 assay (Hawkes et al., Anal. Bioch&ff, 119, p. 142 (1982) with

LFA- 3 th fi.ed. LA i
E:I?grgtra]st i on and am nPRHRE SCREERRT ﬁ?\bﬂﬁgre § Eb’; :.ifiggghe en ﬁr| ﬁé}’pSI n

N- gl ycosi dase F, acimseirtedtfradmentppsing' Nofm dlgestlant andsfnurh m nor

B from > (CheSanfrabeas ond BOREE L el oG ApeB. e

or uItraflItrallcn1$Q§3F19EI¢h5n denatured the LFA-3 (1 nnDI) by
boi 1ing wi th 2% [err]l of 0. SHsTEaghe &Mgsresabﬁsrsngsz #aghnter 5 nin.

We next treated the denat ur ed

BL g gan%ﬁe in 50
mvi Tris-HO (1E%e & BLaiBedodiFecthy E108 QBe SBbRAPDEs
1, 10- phenant hr ol i nechwfck{Gilvért hethod. i NIn dheaexperiment, weoprbbed

err] 1 and precipi tael Uhe,deal Yot ALY AEF1E PRaepbhifehEly ik, B

prepared highly purard &FIN g(E/mmeeS) to debamuneF'bhe sequeug:ebycross

ti S t
R ol ycanase- ¢ it el EAEOBE f%%%pé%’%?g thy 228 B EooRr frament, |
250 M n- et hy | Tk i ety fefuted 15133%150511? che 8. 25)

under argon for 5 rMmEYsIOUE ene e&dsy%@%ﬂ subclohedi ( pEF16mManadi um
Qgoacetate 1or, S0 i &) 25 s ARadEnaR e fodioq) Ledublzell Bthes
with 0.2% SDS, 250 51'I\/Itbtb etttiey | smah dEcoRE cEragmepaor bet8eés) thedtwo
abeol ute ethats SOtk Spdfhafés olhe yiee; 8&?%*6@3 S retehp 0 "
LFA-3 35 by cent ranakpaismfitheiosd Subeloned &6,4@10%11&5 this -
di ssolved the pel | gicdit 4fkd ointace! Owd M IbI&igbskelicpprreanith Pvull
and sequenced the fragment by the Church-Gilbert
method using LF10 (Fiqure 5) as hybridization probe.
20 This proved that the 5' terminus of the insert of
was exactly the same as that of AHTI16.
Figure 3 shows the DNA sequence of the
cDNA insert of phage AHT16. It also depicts the DNA
sequence coding for LFA-3 and the amino acid sequence
25 deduced therefrom. This latter cDNA, e.g., that
coding for LFA-3, contained DNA sequences coding for
the amino acid sequences that we had determined for
the N-terminal region and the 4 tryptic fragments of
LFA-3 purified from human erythrocytes.

30 Expression of LFA-3 HT16 cDNA in CHO cells

960 bp Ncol-Mael fragment of p24HT16LFA3#8
described below is inserted into the Smal site of
BG312 expresssion vector to give BG8 expression
vector. Vector BG8 has been deposited with In Vitro

35 International Culture Collection, 611 P. Hammonds
Ferry Rd., Linthicum, Maryland, 21090 on May 24,
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digested-it with TPCK-trypsin (15% w w) as descri bed

B. 1459 -17- i n Pepinsky et al.
JBC, 261, p. 4239 (1986). W acidified the digest with formc acid to
a final concentration of 20% form c aeR@d-and i nmediately

fractionated the fragnents by reverse phase high 5 pressure |liquid
chromat ography on aj9g8randbhas Séenrhssignedohnmes@éqmanmmbeEP&&&-ﬂﬂI?D.x

10 cm Brownl ee Fab d the_resu g
gradi ent of oﬁ??r??gf? !#855 E 8- I@btégilugsda é??g é?ggﬁh
a flowrate of 0. 3 thé nexptéssn.onnofr thei mnselu'&edgmm segulemct é8) undex
nonitored the colu t e
subj ected each of inta ?8%§§ g gokﬂe Adené%#rﬁ% §°F%o prIes) and
tryptic fragner®s 9243315W@£LFA53C995 SIUB ?)’ tlégéﬁ'-tl&?atae@ dPRn 15
degradation using aﬁcéﬁP|fﬁ ﬁ£YSEeﬁEIiéoﬁ1ﬂﬁSthe lages

Ve ibentified T SRiBEf: oontRtning. tha.PLamId %%ai%d é?l&oyéﬂi“”
120A PTH anal yzer. ééquencengfothehnconlafragmentlnf2924 yoziréspondse f@ence
?{e??]an}Fgr?fids aéh%h§$$ égguan$%gbgfgﬁ8e8afﬁ %E%y&%§23gg&gen %hlch
are shown infiQﬂ”eﬂq_est lish a stable HT16-CHO cell line, we cotrans-
fected 1 x 107 CHO (DHFR ) cells (Chasin and Urlaub,
Proc. Natl. Acad. Sci., 77, p. 4216 (1980)) with 180
#g of Xmnl linearized BG8 DNA, 20 pug of Stul linear-
ized pAdD26 DNA (Kaufman and Sharp, Mol. Cell. Biol.,
15 2, p. 1304 (1982)) and 200 pug of sonicated salmon
sperm DNA carrier by electroporation using a BIORAD
(Richmond, California) gene pulser at 0.29 UV with
'capacitance set at 960 pyFD. We next plated the elec-
troporated CHO cells in non-selective alpha+ (modified
20 Eagle Medium (MEM) for 3 days, then changed to alpha-
MEM medium for 4 days at a cell density of lxlo5
cells per 100mm plate. Cells were then grown in
alpha- MEM plus either 200 nM, 400 nM or 600 nM metho-
trexate. Colonies grew best in 200 nM methotrexate,
25 from which we isolated individual clones, grew them
to 1x10% cells per 100 mm plate in order to assay
for expression of LFA-3 by measuring the intensity
of indirect immunofluorescence on a Fluorescence
Activated Cell Sorter (FACS) (Becton Dickinson,
30 Mountainview, California) and for rosetting (cell
adhesion) as described below.
To analyze by FACS, 1 x 10 cells per each
HT16~-CHO methotrexate clone and control CHO cells
were removed from the tissue culture dishes by incuba-
35 tion with Hank's BSS (spell out) buffer, .5 M EDTA
at 4°C for 15 minutes. The detached cells were then

6
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Syat hesi s of Aigonucl eotide Probes 25 We chem cally

synt hesi zed two pool s of anti-sense oligonucl eoti de DNA probes coding
for regions fromthe amno term nal segpnce of LFA-3
characterized by mnimal nucleic acid degeneracy (see underscoring in

Figure 1) on an App é§ﬁ§§éﬂa% qgn@ r h
sel ected am nobgm sg u?nce ‘ﬁ?ﬁle%ef rBf] %uffoéig (F%
conpl enentary to al PB§053|5% @s&)doﬁ% W’é%t %gcﬁm 1n‘T‘ﬁ@tﬁ‘§H@sth
anti-sense to enabl goby i dsfzaidxwu@fnauh@ntmody arsdy® C(cxfmsugmlhg

sequences in DVA as oLl 25 Iyl s TV Vel dhed | Ak %48 ildfpw! gl de

- 18- [ er 5] ATRextd washed. diheociedd skitvws i aritndl ml PBhGh\béfu;

Proc. Natl. Acad. S )
Figure 2, the oli gonugl gotil_‘lg%ed?’%% Q:l;-.ﬁ 91)@1,:.113“&9{; hg;gﬁg W tlﬁégézj fol d.
degeneracy. 5 PrU@@epGGBUEPEnge f\@t

eracy. Howvever, t0(pedgsRsicesndcoR3 g’#ﬁéd \@fﬁmtﬁxe-runfwdzpd(amns mool

in four subpools of 96 fepﬂtdigfneragﬂ-uouseE&Jht?haﬁ)eftlé¥bm£§i°a1'

degenerate codon foF T@GP
10 Pennsylvania)) in PBN buffer and incubated on ice

for 30 minutes. Cells were pelleted by centrifuga-
tion and excess FCI was removed by resuspending the
cell pellets twice in 1 ml PBN (spell out) buffer.
We then resuspended the cells in 800 pl of 1 X PBS

15 and determined the fluorescence intensity on FACS.
Five clones showed higher fluorescence than control
CHO cells and a homogeneous cell population with
respect to LFA-3 expression.

We next tested whether the recombinant

20 LFA-3 expressed in CHO cells could adhere to CD2
expressing cells by rosetting analysis. We grew
control CHO cells and CHO cells expressing LFA-3
(HT16-CHO #30) in a 9.6 cm? well of a 6 well tissue
culture plate at a cell density of 3 x 105 cells per

25 well. After washing the wells twice with Roswell
Park Memorial Institute (RPMI 1060) medium to remove
cell debris and dead cells, 3 x 107 Jurkatt cells
(a gift of Tim Springer) were added per well.
Plates were spun at 400 rpm for 2 min. in a Sorvall

30 Centrifuge at 4°C. After the cells were incubated
at 4°C for 2 hours the wells were washed with RPMI
1060. medium to remove excess Jurkatt cells. Jurkatt
cells rosetted with the LFA-~3 expressing HT16-CHO
#30 cells as determined under the microscope.

35 We compared the level of surface expression
of LFA-3 in HT16-CHO #30 with the expression levels

of JY B lymphoblastoid cells (a gift of Tim Springer)
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one‘of its four possible nucleotides for each subpool. 10 W t hen

sel ected the subpool containing the correct sequence fromthe three
pool s containing incorrect sequences Qéshybridization of the
i ndi vi dual subpool s to Northern blots containing human tonsil nRNA, as

3 gonucl et i de.pr ob% %@ﬁ Einglshe- redatile fdlirekonddfintbrfl il o))
transcript in hunancf bothogeil I&PﬁSMHSQHQSEb&ﬁs?@élﬂﬁéﬁ as @Gﬁﬁﬁﬁhﬁﬂthe
correct sequence. Hgpgde, V\Esﬂﬁgdz's ﬁ”ﬂoﬁog’y seils, cnbOEeaqrse%wmg our

various libraries. _2 t ti rr] |ph d

Lynphocyt es cDNA LiBf gﬁ CHS' #36" ce %thQF §uFs %Ifdb"ldood
Lynphocyt es 5 (Fﬁighéﬁwflubresaenme ﬁnuensity EﬁhnfU&WbbddhophoreS|s
#9 through one round of absorption to renove nono- 25 cytes. W then

stinmul ated the non- o E 0 e Esﬁﬁﬁ' ' ek 0QO0 and 10 pg/m .
PEA for 24 h. W Fegpiof b e a Eﬁﬁh BlRi i IIEE extractlon

(Maniatis et al., Mlecular C&oglgg of riS1 egghg ere
Laboratory) (1982)) and [ epar } err X one roun%ﬁ&f ol i go

dT cel |l ul ose chnmnﬁ%ﬁp Pgrﬂﬁﬁg eEFh%ﬁél E@FﬁFPBtQECFHE & i ed
it in a speed géscribedcabope)dtdyghNriAlineaized plashdid p2CF

Gior PryoH (S 1 RA “Thncatorecta, o€ ol ub1gle 83T pes (SRS 011G o6
M. W then added phe6725h(1982) andr300yugr sanicaked sal@oh sperins DNA
(BPT 4293) at 43 ¢réléectloPdritibn 0288 VoPEL, 360M¥DIAAY deddRided
above. After selecting transfected cells in RPMI
1060 plus lmg~ml G418, we isolated clones by dilu-
15  tion to 10° cells per well, in a 96 well microtiter
plate, containing 200 pl RPMI 1060 medium plus 1
mg/ml G418. Eight resistant clones were propagated
and assayed for LFA-3 surface expression by FACS
analysis as described above. We found all eight
20 HT16-Rl.1 clones expressed LFA-3 at levels approxi-
mately 25 fold above Rl.1 controls, but all showed
heterogeneous cell populations with regard to LFA-3
expression. :
_ We further sorted two clones--#13 and #15--
25 for high expression on FACS. 1 x 166 HT16-R1.1 cells
of each clone were incubated with 100 pl TS2/9 Mab
for 45 minutes on ice ip PBN buffer (1x PBS, 0.5%
BSA, 0.1% sodium azide). After pelleting the cells
we washed them twice by resuspending in 1 ml PBN
30 Dbuffer and resuspended the cell pellet in 100 pl of
a 1:50 dilution of FCI. After 30 minutes on ice,
the cells were washed and resuspended in 800 pl 1 x
PBS. The surface expression of LFA-3 in the sorted
homogeneous population of HT16-R1.1 #13 and #15 is
35 10% of that on JY cells.
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-19% * 5 [err]g oligo dT[err], 20 MM KO, 1 nMdCTP, dGTP, dTTP,

0'5 mM dATP, 2 pCi[a-[err]P]dATP and 30 U 1.5pl AW reverse

transcri ptase (Sei kagaku Anerica) in a total volunme of 50 [err]1. W
incubated the mixture for 3 min 5 at roomdizgperature and 3 h at 44[err]C
after which tine we stopped the reaction by the addition of 2.5 [err]]|
of 0.5 :VIEDlTA- . Iw rﬁeﬁ%f@été&t‘?deﬂﬂgrrwioﬂrmXM{.etWthh
an equal vol une phenol : chl or of or , re a e
aqueous | ayer two ti i erﬁﬁﬁ‘ﬁ gfl‘l éeﬁ#l\’?ﬂ#ﬁé\ %ﬁn@ ¥ .9 ﬁ%s
EtOH and dried it unridrls by masetting heith di<cellsBipressing CR2 r¢DNA

and Borg (Mbi . cotl i) Y FHEPUP Guibrine ulshin e FLth FFREER

(Gene, 25, 5p. ml(qgtas)glftemgﬁﬁm SpriRgexshusing (hhe psage method
mer ase. 'tlargedfr%@tﬂeg&méw&@ﬁr BT16-CHO. We émsﬁv'é& £oget- ! he
ou e-strande C resu enJ

(0.033 M Tris 20 Qﬁp i ‘i/l ‘A@eﬁg{’e&

0. 001M8DTT; 50 pg/ lrﬂLEF;SB) (fsm)?%@laﬂn tébumz S(TE\D,S:EB) {(a bk.fﬁOOﬁNI'inrr]z
NAD units E.coli T, 1
units T4 pol yrrerase Il %?ﬁ%? L ni%gﬁ %q:hcaﬁ,é@ ﬁ%ﬁﬁl}(t%ggf%r gﬁg%;ﬁ at
25 37[err]C Wde@mm wellhnsuxrfanes MvERW, 1 orllxtinca egonformm:;qn
phenol : chl orof orm ARSI I qﬁ{@% q&@aﬁ eéx%ge

Sephadex colum in 0 M:'ﬂ ris é‘ﬂ(rhgol-ll1 W1rzt@ aif% 001 M EDTA
and col l ected trf?é’m ﬁhﬂ%ﬂ'@? LS dﬁl-j'HF <12 reF¥pEessed on

mouse L-cells. HT16-R1l.1l cells or untransfected
R1l.1 cells do not rosette with untransfected mouse

15 L-cells, indicating the specificity of these cellu-
lar interactions.

Expression of LFA-3 HT16 cDNA in L-Cells

We cotransfected 1 x 107 L (tk-) cells (C.
P. Terhorst, J. Immun., 131, p. 2032 (1983)) with 90
20 pg of XmnI linearized BG8 plasmid DNA described above,
10 ug Scal linearized pOPF plasmid DNA (Grosveld et
al., supra) (a plasmid carrying the thymidine kinase
gene which can be used to select transfected cells),
and 300ug sonicated salmon sperm DNA by electropora-
25 tion as described above. After washing and trans-
ferring the cells to 100mm petri dishes we grew them
in nonselective medium (DMEM) for 48-72 hours. The
transfected cells were then selected for in DMEM +
hypoxanthine aminopterine thymidine (EAT) at a cell
30 density of 1 x 10° cells per 100 mm dish. We picked
13 clones expressing thymidine kinase after 14 days
and expanded them to 1 x 10° per 100 mm plate and
assayed for LFA-3 expression by FACS analysis as
described above. Eleven HT16-L clones showed a 10
35 to 20 fold higher surface fluorescence than control
CHO cells.

B.1459



30** cDNA and et han
Y |igated the doub

5" AATTCGAGCT CGAGCGCGGECCAC3!

usi ng ‘'standard proc
and | onger fragnment
EcoRlI di gested

- 20- [err]gtl]
G gapak (Strategene
used the packaged p
cells for 5 anplif
1. 125x10[ err] igdep
We screened human t
Natl. Acad. Sci., 8
prepared above with
pl aque hybridizatio
196, p. 180 (1977))

10

15

20

25

30

ol precipitated it. Yield: 605 pg cDNA.
| e-stranded cDNA to | i nker 35/ 36

3 GCTCGAGCT 35
edures. We then size s&%lted the cDNA for 800 b

S on & S0 arec RiEyed EAIET clfed ' B8 Trhly) 0,
')Qufﬂ&d%fésmi-s{ilﬁmw Sifnﬁiuzidﬁddwsdame aasualized
.AccQral n Q nanur ac- . rer's r C.

RiFEtyY Uhder o FIRREence, midtidapeh Ue Poupd|
ifoari @lonEse - TUGINGFTI brdar V7 ,cand Bhed-were highly

" _ : . s L1 =
HuBtecRnt ) 3 ff%r%r?‘ FVeey Ne a3 s
gsiop. 7¥Welnext serted ods) yfour qipness fAONIR by ar y
expres8ing daalllseérd ltHO RAGS Gid Weddrilfed Rbove Ng t he

p

9
in

because" It%%steecc Ones s fowEéeci1 tt?erl:erogex?éléjusmé@fl (Science,

populations of LFA-3 expression. Six clones --
HT16-L #1A, 1B, 1C, 7, 27, and 107 -- selected in
HAT-DMEM medium were assayed for LFA-3 expression by
FACS analysis. We found all clones showed fluor-
escence intensities of 20 to 30 fold over that of
control CHO cells, except for clone HT16~L~1C which
was 35 fold higher.

We also tested whether LFA-3 from HT16
cDNA as expressed in L-cells would adhere to other
cells using the same rosetting assay described above
for LFA-3 expressed in R1l.1 cells. We observed
rosetting.

Expression of LFA-3 in E.coli

To express LFA-3 cDNA in E.coli, the ex-
pression vector pLFA3trcl was constructed. This
vector (a derivative of pKK233-2) expresses the
mature LFA-3 protein. The DNA sequence of HT16 cDNA
coding for the signal sequence was deleted. To con-
struct pLFA3trcl, plasmid pKK233-2 (E. Aman and
J. Brofius Gene, 40 p. 183 (1985)) was digested with
restriction enzymes Ncol and HindIII, and ligated to
an isolated 700 base pair Ava2/Hind3 fragment of
pLFA3HT16 and a double stranded linker LF21-22. -
This linker replaces the sequence between base pairs
101 to 175 (to Ava2 site) of HT16 cDNA (Table 1I).
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We. pel-l eted an overnight culture of -BNN102 15 cells in L broth and 0.2%

mal t ose and resuspended it i n an equal volunme of SH buffer (50 niM
Trts-HA (pH 7.5), 100 nM NaCl, 10 nN_MgSOerr], and 0.01% gel atin).
Thereafter, we preabsorbed 9 ml of cells w 1.5sx10[err] phage
particles at roomtenperature for 15 mn a&gaég 1 plated themon 30 LB My
pl at es. After incubation at Cfor 8 h, we lifted

the filters fromthe plates and | ysed them by pl aci ng t hem onto a pool
of 0.5 N NaOH 1.5 NL%%EL for 5 mn, - and then subnerged themfor 5 mn
in the sane buffer.

We neutralized the filters %é_subner ing themin
0.5 MTris-HO (pH 7.4), 51 GARCRZETCCCAACAAATATATGE TTGQ-’G%% TGnd
rinsed themfor 2 mn in 1 fahdrercoffcT Accaascaadoretornr filters, and

baked them for h at C,,30 W prehybridi zed and
hybri di zed .t he %ilters ggéﬁéh géﬁucleotide78r8ﬁ§ LF1.in 0.2% _
pol yvi nyl pyroli - done, 0.2%ficoll (MN400,000), 0.2% bovine serum
al bumn, 0.05 M Tri (pH 7.5), 1 M sodium chl ori'de, 0. 1% sodi um
pyrophosphate, 1% , 10% 35 dextran sulfate NM/SO0,00%? and 100 pg/ n
t RNA. W 5' GACCTICTITTITAAAGGCACATTGCTIGGTACATGGAARGID;o
-21- ACATTCCCATACACAACACCATATATTIGTT
GGGAAAA 3°' 78 mer
10 We transformed JA22]1 cells with the result-

ing recombinant expression vector. E. coli trans-
formed with pLFA3trcl were grown to ODgg, 1.0,
followed by inducing with 1lmM IPTG for 2 hours and
collecting the cells by centrifugation. Cells were
15 resuspended in LB and an equivalent of 0.2 ODgg, Was
removed. We next pelleted by centrifugation, re-
suspended the cell pellet in 50 ul SDS-gel loading
buffer and boiled for 3 minutes. 25 ul of the
sample was loaded onto a SDS-denaturing polyacryl-
20 amide gel in order to separate the proteins by
electrophoresis. To detect LFA-3, proteins were
electrotransferred onto a nitrocellulose membrane,
followed by incubating the membrane with a 1:1000
dilution of an antibody to h-LFA-3, K64 (a gift of
25 Tim Springer). We observed that the anti-LFA-3
(K64) antibodies detected a 25 kd protein, indicat-
ing that the transformed cells expressed LFA-3.
Cells were next grown in 1 1 LB + 50 pg/ml
ampicillin at 37°C to ODg¢ 0.1. Expression of
30 LFA-3 was induced with 2 mM IPTG for 2 hours. Cells
were pelleted at 4000 rpm/4°C for 30 minutes. We
resuspended the pellets in 25 mM Tris (pH 7.0) at 1 gm
cell pellet per 10 ml Tris buffer and lysed in a
French Pressure Cell Press at cell pressure
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detected the hybri di zi ng [err]-cDNA sequences by aut or adi ogr aphy.

Me initially selected 26 positive phages fromthe PBL library and 12
positive phages fromthe 5 tonsil library. W then rescreened these ciones
and pl ague purified themat |ower derm#%y using the sane pr obe.
We digested isolated DNA from.these clones wi th .EcoRl and hybri di zed
themto ol i gomer plén890+d4,00P1psid LMenbyiang Hractdensewerel seXtechni que
(E. M SOUtheé@ga%atHﬁ'fr@hpgolu%ﬁe oﬁﬂ%%mlgy(%gﬁikhfuﬁﬁtlon ithen
further characterize fromtw cl the tonsil library

([err]HTI 6 and [er PFfrk SPTNAd 1t A& 200000 Ipn ﬁqro'%"tﬂlé ngfes| aky 47 +( AP26
and [err]P24) by DMémbeguenpeldeis emalns@&pended;ﬁequmciorfgzsf meDNA

d ' I d.t .ECcOR ' t ed f I
Cerr] tT1 6 and PerrTES8 PA 3 Oect dr PANRIE G wadit this; gubernatdilr, ang © °1°°
anal ysis.* [err] HTb§ the ae@buRhef paag.mttss welriec lel2@ trophonesied dumald y

subcl oned into pNthyrFﬁgL?bggthglnghpdg asqmg§mgﬁ£;gﬁ’a%%lg§ GQEthe

entire insert of tal ned on a sin fragnment. For
subcl oni ng, we use@isgelyedt an SDScbRLigxn ans t@#aPrOteln§|F@I@hploylng

gﬁfhn'que:ubg ngg?é H%Qtea5by ﬁDS-PAGE W%dﬁﬁ%?&?;%gﬁé?Fg Eﬂﬂ.%ﬁﬁﬂences of
Enzynol oqy, gg thwg ¥°1¥SP ?5 Eﬁgbgelw%x Hg§e n&é?EOFﬁBJ}elated
procedur e of Chur chequénc:.ng G Doer amiPoo acikhtsequénad ngScionfilthed thep. -
Ve sons (1984)) Igfmihaﬁcggggeﬁ ﬁg%goh %n%bhfgh§equ%n he syntﬁ%tlc*

W constructed sequencing pra
pol yl i nker of pUC8BVLY-LEAt+3i and F S Q0 I YGVVYG N V T-LFA-3

which matches the N-terminal sequence determined for
15 the human LFA-3 purified from human erythrocytes
(Wallner, et al. J. Exp. Med., 166:923 (1987)).
Accordingly, the product produced by this construc-
tion has a N-terminal with and without methionine.

We also modified the DNA sequence encoding
20 LFA-3 to delete from it portions of the hydrophobic
transmembrane domain to obtain high levels of expres-
sion of soluble forms of LFA-3. We used our LFA-3
cDNA from pHT16 as depicted in Figure 3 which codes
for LFA-3 containing a transmembrane domain.

25 LFA-~3M17 Dgletion

50 pg of plasmid pHT16LFA3 DNA was digested

with 100 units of the restriction enzyme Scal for
1 hour at 37°C. We separated the linearized plasmid
from the uncut plasmid by electrophoresis on a 1%

30 agarose gel, excised it from the gel and electro-~
eluted. Another aliquot of 50 pyg of pHT16LFA3 plasmid
DNA was digested with 100 units of EcoRI and 100 units
of Hind III for 1 hour at 37°C to excise most of the
LFA-3 cDNA sequences in this plasmid. The vector

35 was next separated from the EcoRI/HAIII fragment by
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tion digestion and replacing it with a new synthetic 35 segnent. The 2.5
kb backbone common to the pUC pl as- m ds, which provides an origin of

repI i cation and

confers anpicillin resistance, is unchanged The

novel synthetic portion of pNNO1 is shown i ™S gure 4.

B. 1459

urch-G | bert

approach, of the en@lﬁﬂt%ﬂph"res*%s%ﬁt%d]-%r%%%‘ﬁ?eug?xg ﬁB‘E}S g®8¢i on and
f our 20- nucl eotdsetroel wtedes: NN-A, NN-B, NN-C and NN-D. See

obtained directly from ou-rrW(s)u qg‘%l%c b%tﬁfgé&u%ggﬁé&fgz t?m%’ﬂ%%.gr'len

one experinent, we piunned:he del'eltliondl deis dionN 43dne{-'ef¢<]=msed in

Flgure 5. 5

i ndependent |y vv|5t h

across 10 the Eco
directly refuted th@tp@s%ﬁ%lﬂqltliﬁt
subcl ones (pET16H a

side 1130 fz"lﬁ‘ﬁ’% Fo tL A EhoLes, Seateine

n“%k%? Yides opt iﬁElPQDaEcoR

%atmﬁﬂﬁtﬁl—ﬁaﬁ padiss wﬁgﬂxéaﬂrmeéﬂmnkedqﬁeﬂuences o

ei t her 5" tot | | ECOFP# nt or bet ween the two 15 EcoRl
fragnents. W al so , anal ysis of the Notl
subcl oned pP26, which has this EcoRI 5| te intact. We al so digested

pP26 with Pvull

and sequenced the frdigkkbe DY the Church-G | bert

met hod usi ng LADO (Ilcl‘&ﬁ% 5) as hybridi zation probe.

15

20

25

30

35

TAGGGTTCGTCGCCAGT. GTTACTTACCATAAGACTTTACA 5

42 mer
LFl17:
3' TAGGGTTCGTCGCCAGTAAGTTTAACTAACCATTGTCTTICTAC 5¢
43 mer
LF23: _
5' TCATCTTCTGTTACCAATCATCTGTGTCTTGAATGACCGCT 3!
41 mer
LF28: |
5' CAGGGCCCGCCCCGCGTCGCTCCCAGCAAC 3! 30 mer

I

when this oligonucleotide is hybridized to single-~
stranded HT16 cDNA, it will loop out 111 base pairs
of the HT16 cDNA. 20 pmoles of the electroeluted
Scal and 20 pmoles of the EcoRI1/HindIIl fragments
were mixed with 20 pmoles of phosphorylated LFl17,
followed by denaturing in 100 mM NaCl, 6 mM Tris

(pE 7.6) and 8 mM MgCl, at 90°C for S minutes and
renaturing by incubation at 37°C for 1 hour, at 4°C
for 1 hour, and on ice for 10 minutes. To one half
of the reaction mix, we added 0.5 pl T4 ligase, 1 mM
ATP, 1 pl Klenow and 5 mM of NTP, and the mixture
was incubated at 15°C overnight. One half of the
reaction mix was transformed into MCl1061 competent
cells. Colonies containing deleted LFA~3 cDNA were
identified by hybridization to LF17, as follows.
Transformed MC1061 colonies were transferred to nitro-
cellulose filters, lysed and the DNA denatured by
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20 This proved that the 5 termnus of- the insert of was exactly the

sane as that of [err] HT16. Figure 3 shows the DNA sequence
of the cDNA insert of phage [err]HT16. It al so depicts the DNA
sequence coding for LFA-3 and the am no aci é33equence 25 deduced
therefrom This latter cDNA e.g., that coding for LFA-3, contained

DNA sequences codi ngtteatment witha0iSoNaNaOHseqThecadtrocellnlose filters

det i ned f =3 t f
LFA 3 purified from‘;zgaﬁs“ﬁ%%ﬁi%%d £8' 885%88nkR pdnld ARY065 BRAOHRLS O s
in CHO cells k1nasgéoobpgonucleatnder&g&anatoﬁ5ﬁ24evssn¢ah#8
described below i s ipspeéps woke &Hshéaﬂatsssecoin Q.1 §G§é% X D1SMS Fod3 um

vector to give BE expression Vector B been deposited
with In Vitro 35 |?k%9ﬁh@?ona9°l:§|¥uﬁedam G&Freﬁe 6911dpe &e
Ferry Rd., Linthicurx-payyEile. 28689teveMopldfies were picked and grown

B. 1459 been
assi gned accessi on ﬁﬁﬁﬁ%? ?wqa&61%3535° w?ngfﬁg BEEE%%géaﬁgaeggg .Cel |,
45, p. 685 (1986)) Manihblsxgteakxpn“HOIeaulansGloadngmAAsﬁqbom@¢°m¥ under
the control of the % US, 16LpA3%a th
construct ed by Ilga@?ng %;80 cﬁlbaéﬁrfﬁQWﬁéfﬁor 21882h}16L 3348435 the
10 correct deletlon, DNA was digested with EcoRI and

Hind III. Four pLFA3M17 colonies had the correct

restriction pattern. The correct DNA sequence of

one clone was confirmed by DNA sequencing using the

method of Maxam and Gilbert (supra).

15 LFA-3M16

Plasmid pLFA3M16-2-4H was constructed essen-
tially as described for LFA3Ml7, except that the
oligonucleotide LF16 (Table I1I) was used to introduce
the deletion. LF16 is a 42 mer of which 21 nucleo-

20 tides are homologous to base pairs 632 to 652 (Fig-
ure 3) and 21 nucleotides to base pairs 716 to 736
(Figure 3) of HT16 cDNA. Mutagenesis with oligo-
nucleotide LF1l6 deleted the 63 base pair sequence
coding for the hydrophobic potential transmembrane

25 domain of LFA-3, leaving the cytoplasmic domain
intact. We isolated plasmid pLFA3M16, and verified
its correct sequence as described above.

LFA-3M23

Plasmid pLFA3M23 was constructed by pro-

30 cedures described for pLFA3M17. ‘The oligonucleotide
used for the mutagenesis was LF23 (Table II); a 41 mer
of which twenty-one nucleotides are homologous to
base pairs 641 to 661 (Figure 3) and 20 nucleotides
to base pairs 767 to 786 (Figure 3) of HT16 cDNA.
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EcoRl fragment of pHT16 with the |arge EcoRl fragnent of p24,

gontaining the plasmd portion. The DNA sequence of the EcoRlI fragnent
of "p24 corresponds to t he DNA sequence=-32~t he base pairs 1-223 of
figure 3. 10 To establish a stable HT16-CHO cell line, we cotrans-

fected 1 x 10[err] ik adetedis orith (KF23 i deketedr thelpotenti&l otranat| .

Acad. Sci ., . ' . ' t Deasige
D&i 20C|pg of St uI %3{“3’5( %d Y%b%%)mc M%u%%%%agp@ﬁg
Cell. Biol., 15 2, p. 1304 (1982)) and 200 pg of sonicated sal non

sperm DNA carrier by el ectropqjaltid: Lﬁigﬁ@ecﬁléﬁmelete&&mnynénms
California) gene pul, ser at 0.29 W wth caé)a#tance set at ﬁ
next plated the el ednto expresfion FLQURTE HhAt | %rF%EF%c?i%% E ¥e

ﬁ/rEnl\)/ldl f Id ed 2? Eagl @d!ﬂiamm (vltéi\/bbénrexae dfwmgg?ﬁecmmemve mapker ?30
medi um f or ays at_a ce er nm -
plate. Cells were t qﬁ% Jﬁp‘%ao %\(/él’(ﬁ J%lgtﬁ%r%%ol'ﬁ%l3400 nM’

or 600 nM net ho- _gnnet rdmaim indiegration mbbsasswewommrauonxaﬁe
25~ fromwhich we ?Eﬂ@sd%{d C'ﬂ{ﬁseﬁoréwiﬁ@ﬂ' cose}@cé&ﬁ[er r]

cells per 100 nmplate |n ord to ass expressi on FA: 3 bz
measuring the intendie psed the qmqs&&m FRFAT RF R EnceVeFter pJoD-

Fluorescence 10 Agids/dedth G os&wé@rwiﬁﬂcﬁi \ul-‘m oIntkeiatienal 30Inc.
e oo oo el e W U 5 S A, maiE ™ ey 36,
each BT16- CHO S8t ramchihaa:llmen eas‘sxgn&d dAcds4Eon | sumber were
Eggle)?/ledoL[;)mbLPfGe?I %%?adég‘?%reé&s%ﬁaebr r% %E m ni'?nesymrﬂ '13 %aihgcsis
cells were then and M23, the pJOD-s vector was linearized with B. 1459
15 restriction enzyme Sall, blunt-ended with Klenow and -
ligated with the Klenow-blunt ended Notl fragment of
pLFA3M17, pLFA3M16 or pLFA3M23. The respective liga-~
tion mixtures were next transformed into MC1l061, and
colonies containing the respective DNA were selected
20 by hybridization to oligonucleotide probe LF28 (see
Table II), a 30 mer, homologous to base pairs 20 to
49 of HT16 cDNA at 65°C in PSB and washed at 0.5 x
SSC (0.75M NaCl, 0.075M NaCl) at 65°C. Positive
colonies were picked, grown overnight in LB + amp
25 50 pg/ml, and DNA prepared. The correct sizes of
the inserts were verified by restriction enzyme
mapping. Four clones of pLFA3M17, three clones of
pLFA3M16 and one clone of pLFA3M23 showed the correct
restriction enzyme patterns. DNA was prepared from
30 a clone of pLFA3M17, pLFA3M16 and pLFA3M23, and the
correct DNA sequences were confirmed by DNA sequencing
using the method of Maxam and Gilbert (supra).
To establish stable CHO cell lines, 10 ug
of pLFA3M17 that had been linearized with Pvul was
35 transfected into CHO cells by the calcium phosphate
procedure and electroporation as described above.
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- 24- . pel l eted, resuspended in 50 pl of PBN buffer (1 x 504
B3A, ...1% sodi um azi de) and incubated with 100 [err]| of "BHSOSHEET HAS BEE
ant i bod’y TS2/9 (1.2 ng/m) (a gift of TimSgpginger) on ice for AREPLAGED

mhnutes. W 5 next washed the cells two tines with 1 nl PEN DUTTér —

and pelleted by centrif uggpd iy _@ﬂ@céﬁf | §¢8d for ¥BESb nggg_bg_g
100[err]l of a 1:50 dilution of CI ? uo‘r?%scel?l Conj u jéﬁéa%fﬂ?fl nity
Purified F (ab') 2 “GHQ FRhl @G"?@:ab’pgpmomedl cal ,
10  Pennsylvania)) in PBN buffer mml ¢énﬁ>atﬂ&19ﬂed:‘§6d WlthprFmWéﬁé
Cells were pelleted by Centl’lfélg tion a?rg g Q&AV\% ren$¥ggoﬂc
resuspendi ng t he Qr (§8eketiPn ?éﬁ%( D 0 s?Yb’ﬂ

Ve then resuspended % he Iﬂé]smgl wWith [€TS [metiidnineBS 5%10° aa:dl]:lstpem welil
the fl uorescence intensi k kL

fl uorescence than cont rof'!/aorb vé% cP]ﬁte &ééf% jhormgeneous cel po at | on
with respect to LFAo¥ &&honnsand 3s-LFa-3 pregipibated cwi

whet her the reconbi nant b /g | FAve3 mm%a@:ﬁ;@dme@p@aeadmesto It

G2 s oo Gt e A Ut iR Shtes-

well of a 6 vveII til9sue sion, MIZACHO pay dbetamplifiedeini highfcéneenitratibns

e T 2% P S BT OF Yl B e, o

cells, 3 x 10[err] Jurkatt cells To enable further the above-described
invention, we deposited the following phage carrying
an LFA-3 DNA sequence of this invention in the In

15 Vitro International, Inc. Culture Collection in
Linthicum, Maryland, on May 28, 1987:

AHT16 [Agtl0/LFA-3]
The phage has been assigned accession number
IVI 10133.

20 While we have herein before présented a
number of embodiments of this invention, it is
apparent that our basic construction can be altered
to provide other embodiments which utilize the
processes and compositions of this invention. There-

25 fore, it will be appreciated that the scope of this
invention is to be defined by the claims appended
hereto rather than the specific embodiments which we
have presented by way of example.

Sheet Has Been Rerlaced
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(a g ift of Ti m Spri nger Pl ates were spun at 400
rpmfof 2 min. in a” “‘M trlfuge at 4[err]C. After cet EE
wer e i ncubated hour s t vvel s were washed THIS ISHﬁﬁ\/IH“S B

1060 nediumto renove excess Jurkatt'cells. rkatt cel | s{roset RERLACED
with the LFA-3 expreéiﬂﬁsETw CHO #30 cel |l s as det erm ned "urder~Theé
m croscope. 35 We conpared the level of surface expression

of LFA-3 in ET16-CHO #30 with fke eApDlas sequence §e1ectet§t from the group

| ynphobl astoi d cel | scpfs@kking oF:m Spri nger)
B. 1459 onpari,ng the

relative fluorescence intensities f{2a) thEoPNAcé-qur%é?lifs e%lm@age
anal ysis as descri be§gTl6; above, using 2.5 x 10[err] JY cells, CHO cells

and HT16- CHO #30 cells. ET16- ce 6

fluorescence intensity than JY cel IG_Q) bki %f%gf%&n‘@%lg@% CDNA,

in RL.1 Cells under conditﬁonsleguuwplﬂntltOehhpuweﬂa°béxréﬁ@ﬂbcted :

with 90 [err]g Nrul 4i ringegd e e t

above, 10[err]g Nrul hﬂﬁga#zgg EP% ?nSg%Tégﬂ 8‘58%%& glgsil\?gd? et aI

Nucl ei ¢ Acid Res., 1@Xpressign @?ISa(EQQYPeEﬁGGSOGhﬁﬁ

sper m DNA by e'EééépﬂétabhoﬁhéZEGrfabbSof9Q01§EEho@§tQ%§CEuﬁpd

' (c) DNA sequences which code on

expression for a polypeptide coded for on expression
by any of the foregoing DNA sequences or inserts.

2. The DNA seguence according to claim 1,
wherein said DNA sequence (b) codes on expression
 for a polypeptide that binds to CD2 on the surface
of T-lymphocytes and inhibits adhesion between
T-lymphocytes and target cells.

3. The DNA sequence according to claim 2,
wherein said polypeptide is soluble.

4. ‘The DNA sequence according to claim 1,
wherein said DNA sequence is selected from the group
consisting of a DNA sequence of the formula N; 1047
of Figure 3, a DNA sequence of the formula N; 2766
of Figure 3, a DNA sequence of the formula N;01-766
of Figure 3, a DNA sequence of the formula Niog1-611"
N1 6-766 of Figure 3, a DNA sequence of the formula
ATG-N, 1,766 ©f Figure 3, a DNA sequence of the
formula ATG-N;.,_e61"N716-766 ©F Eigure 3, aDNA
sequence of the formula N; _652"N916-1047 of Figure 3,
and DNA sequence of the formula N;_ggo=Noea 4047 ©f
Figure 3, a DNA sequence of the formula N1-661'N764-.

s Sheet Has Been Rep Iaced
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above. After selectln transf in RPM 1060 pl ys—rg—i— -
,A18, we,isolate “m WUI |B| ﬂt t|on to 10[err] cells de 'FHIS\;“!HE,ETH-,%,ASHBEEN
‘96 well microtit tai ni ng 200 [erjg_ RPM 106 medi RaPAGED

1, ng/ M (418. Elght reS|stant cl ones were propagated and assayed
for LFA-3 surface expres las,nd:m sequeamdw&haia§€ldﬁcnn axpression Eor
found all eight 20 %ng? \g§?%ég gt levels approxi-

mately 25 fold above RI. ntro ut a sho het er ogeneous cel

popul ations wi-ith regard to LFA-3 1expreSS|on : We further
sorted two clones--#13 and #15-- 25 - f ghd DA YehASiHOAbId IRy td ¢laim 4,

10[err] HT16-R1.1 cells qf each clone were |ncubat 00 [ rr]l
TS2/9 Nab for 45 mi WBEESid, sadd DNACSeEENGS 45 éﬁ%s&ﬁ %SQAFWP

0. 1% sodi um azi de). Aftecopslilstiingg ofha ONA sequencne ot st ﬂd]ﬂlnla\llN‘f? 6
resuspending in 1 m PBN 30 buffer and resuspended the cell pellet 65
[err]| of a 1:50 di ot Figuate BGl a DNAc sexmerniae;iafs the ifarmula the

cells were washed and re&tfép_ﬁnded | n°§0% h@){fé I3 1264 D é%? L!‘_ﬁé’@ecode

~expression of LFA-3 in the sodiled66 eneous opu of HT16 Ri.
#13 and #15 is 35 10% @R mﬂfe&tilm &om §nY of the above DNA sequences-
B. 1459 - 26-

6. A recombinant DNA molecule comprising
a DNA sequence selected from the group consisting
of the DNA sequences of claims 1 to 5, said DNA
sequence being operatively linked to an expression
control sequence in said recombinant DNA molecule.

7. The recombinant DNA molecule according
to claim 6, wherein said expression control sequence
is selected from the group comnsisting of the early
or late promoters of SV40 or adenovirus, the lac
system, the trp system, the TAC system, the TRC
system, the major operator and promoter regions of
phage A, the control regions of fd coat protein, the
promoter for 3-phosphoglycerate kinase or other
glycolytic enzymes, the promoters of acid phospha-
tase and the promoters of the yeast a-mating factors.

8. The recombinant DNA molecule according
to claim 6, wherein the molecule is selected from
the group consisting of pLFA3trcl, BG8, pLFA3M16,
pLFA3M17 and pLFA3M23.

9. ' A unicellular host transformed with a
recombinant DNA molecule selected from the group
consisting of the recombinant DNA molecules of
claims 6, 7 or 8.

Sheet Has Been Replacec
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Ve fext tested whether LFA-3 o as expressed ip-fRtt—eeH-s——
woul d*adhere to oth “l“”lu“(imu E}M oset ti ng vmth L-cel I's exprieHdP nitEHoHAS BEE!

cDNA (L114) (a Hessi on and with Jurkatt] 5 c&EPEAQED
gi #t of Tim Springer) using the same nethod=3 as descri bed above ToOr7
HT16- CHO. We observed roset- ting. This rosettl ng coul d be inhibited
with Nab to LFA-3 (TS2/ B8 or NERE thosbragqerding Ea gtaimo9, TWherein

Springer). This 'nd‘éﬂ@%&é@tlé':é’eﬁed:ﬁe&xﬂf@lﬁsﬁﬂe1§rou§ncéﬁ§1§§ihgsdff ace

of Rllcellsmaconformat all ows_interact. h turaIIy
expressed CD2 %ﬁm @m @%r&éﬁ&gﬂl—m

mouse L-cells. HT16- R]ndl,ceﬂﬂma)]: cellshPprantdcells &idlhueahsceblsoin

rosette with untran ﬂﬁﬁﬁ? L-cells, indicating the specificity
of these cell u- sl-I:'I ar |n%EeﬁrEal‘[:’t'é|‘bns. Expression of LFA-3 HT16 cDNA

in L-Cells We cotransfected 1 x 10[err] L (tk-) cells (C.
P. Terhorst, J. lmmun., 131,"33, 20%&%&11&1&:99039 acé&r&in&nﬁb

linearized BG3 pl asm_d DNA des ri bed ahove, Scal rized pOPF
pl asmi d DNA (G osvel<taim 10 eredn, Wlﬁs‘ﬁ?hfcé’l‘ r?ﬂ'nﬁcgﬁa EXO®i di ne
ki nase gene whithe mztp‘-: corsliding eEICHOARI cTt &HACB+MEEK ).  and
300[ err] g sonicated sal non sperm DNA by el ectropora- 25 tion as described
above. After washing and trans- ferring the cells to 100mm

di shes we grew them in riéhsel e\:tpmm(m onremressgonrby The
transfected cells o

am nopterine thym d| ne ﬁd&%ﬁaﬂﬁ ?#i 30 denS| tyﬂ?)? groﬁq ﬁgl??!]"gggﬁ?s per
100 nm di sh. W pi clef Nis seRRCes (R eSS nl i+ fe KRREsROLYPEP-14
days and expandd@e Eing essedi£11y ﬁeéel@ﬁ mei:apﬁoﬁeﬂns of

assayed for LFA-3 e essi on. hy FACS anal ysis as
Hinan’ 'o¥igih.

13. The polypeptide according to claim 12,
wherein said polypeptide is selected from the group
consisting of a polypeptide of the formula AA_ZZ-

ARy, of Figure 3, a polypeptide of the formula
AA 500 of Figure 3, a polypeptide of the formula
Met-AA; .., of Figure 3, a polypeptide of the formula
AA, _1g7 AA2°6 222 of Figure 3, a polypeptide of the
formula AA_,a_184 AA206 299 ©of Figure 3, a polypeptide
- of the fbrmu;a AA, 184’AA206-222 of Figure 3, a poly-
peptide of the formula AA_,c_ 184 of Figure 3, a poly-
peptide of the formula AA; g4 of Figure 3, a
polypeptide of the formula AA_,5_ 137 of Figure 3,
and a polypeptide of the formula AA;_,a7 of Figure 3. -

14. A method of producing a polypeptide
comprising the steps of culturing a unicellular host
according to claim 9.

15. The method according to claim 14
wherein the transformed host is selected from the
group consisting of CHO(BGS8), R1.1(BG8) L-M(tK )
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deszrlbed above. El eve showed a 10 35 to 20 fold higher
stirgace f1uorescenc ﬂﬂmﬂiﬁﬂﬂﬂl\\m CHO cel Is. THIS_SHEET HAS BEEN

B. 1459 al ﬂ%_@' ACED
assayed HT16-L clones for LFA— surfac@%aqne33|on by -
I munof | uor escence visualized_ directl nder_a fluorescence

m croscope. Ve foundBG8) Efeodicida3d 4?ﬂ§£§&¥q1ﬂ3cﬁp PLEAIMYE) » - wer e

highly 5 fluoresce gah @Hbﬂbﬂh%3ﬁ§ 3FA 3 expres- . sion.
W next sorted all ?ﬁur c?bnes H? expressing-cells on the FACS

as descri bed above because these clones showed het er ogeneous cel

popul ati ons of LFA-3 expressien. SththmﬂteutibhlIéBH@dsitubnﬁﬁbmﬂﬁisJ,
27, and 107 -- selected_in,

expressi on by mgsagngwgpgsuag%& qwq%&ﬁ%}éf ft Eﬁé °

escence i ntensiti esambpudt of aOPb&WDGDEGdEtmgleﬂted frqmnﬁhﬁngngnpcﬁnns

except for clone é%&k}&ﬁiW?'%ﬂ$lgolyﬁépQ%ﬁ%%L%f“deih 12 or 13 and a Ve

al so tested whet her fro S expresse L-cells woul d
adhere to ot her pharmpgeutifgliNe asseptable Gatdiekay descrlbed above
for LFA-3 expressed in RL.1 cells. W observed 20 resetting.

17. A method of treating patients compris-
ing the step of treating them in a pharmaceutically
acceptable manner with a composition selected from
the group consisting of the compositions of claim 16.

18. A diagnostic composition to detect
T-cell subsets, CD2+ cells or to monitor the course
of diseases characterized by excess or depleted
T-cells comprising a diagnostic effective amount of
a polypeptide selected from the group consisting of
the polypeptides of claim 12 or 13 or an antibody
thereto.

19. A method of detecting T-cell subsets,
CD2+ cells or for monitoring the course of diseases
characterized by excess or depleted T-cells compris~ .
ing the step of employing as a diagnostic a composi-
tion selected from the group conslstlng of the
compositions of c1a1m 18.

20. A means for detecting T-cell subsets,
- CD2+ cells or for monitoring the course of diseases
characterized by excess or depleted T-cells compris-
ing a composition selected from the group consisting
of the compositions of claim 18.
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Expression of LFA-3 in E coli L ;,;Lﬁz .To express LFA-3 cDNA in

<Excoki, the ex- pressi on vect or PLFA3trcl ‘Wwas constructed. This

véct or (a derivative of pKK233-2) expresses the 25 mature LH o€t

The DNA sequence of ET16 cDNA coding for the signal seqtgr'l'@% SkEH HAS BEEN |

del eted. To con- struct pLFA3trcl, plasnmid pKK233-2 (E. {Anran BBELAGED

J. Brofius Gene, 40 p. 183 (1985)) was digested with restriction

enzymes Ncol and Hindlll, and ligated to 30 an isolated 700 base pair

Ava2/ Hi nd3 fragnent of pLFA3HTI 6 and a doubl e stranded |inker LF21-22.

This linker replaces the sequence between base pairs 101 to 175 (to

Ava2 site) of HT16 cDNA (Table 1).

B. 1459 - 28-

Tabl e | LF21: 5' CATGTTTTCCCAACAAATATATGGTGTTGTGTATGGGAATG
- ABSTRACT

Polypeptides that bind to CD2, the receptor
on the surface of T-lymphocytes. Most preferably,
the polypeptides bind to CD2 on the surface of

5  T-lymphocytes and inhibit adhesion between T-lympho-
cytes and target cells. DNA sequences that code on
expression in appropriate unicellular hosts for those
polypeptides. Methods of making and using those
polypeptides in therapy and diagnosis.

/
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. AAAAGAG 3

TAACTTTCCATGT ACCAAGCAATGTGCCTTT 5 - vo- - 79 mer
LE2D: ¢ 5 GACCTC TAAAGGCACATTGCTTGGTACATGGAAAGTT S SHERT s B
ACATTCCCATACACAACACCATATATTTGTT GGGAAAA 3! S SHEET

We transforned JA221 cells with the result-

vector. E. coli trans-

1.0,
collecting the cells by ce

formed with pLFA3trc

ntrifugation.

and an equivalent of 0.2 ODerr] was

centrifugation, re-
buffer and boiled for 3 m
SDS- denat uri ng pol yacryl -
by el ectrophoresi s.

i ncubati ng the nenbrane w
h-LFA-3, K64 (a gift of 25
anti-LFA-3 (K64) anti
ing that the transformed c
next grown in 1 1 LB + 50
0.1.

were pelleted at 4000 rpn14C for 30 m nutes.

pellets in 25 nMTris (pH 2
buffer and lysed in a

Expressi on of 30 LFA-

nutes. 25 ul
20 am de gel

suspended t he cel

foll owed by inducing with | nM | PTG for
Cells were 15

removed. We next pelleted by
pellet in 50 @ SB6 ge
of the
in orderito sepanate ;he proteins -

To detect LFA-3, protelng wer e
electrotransferred onto a nitrocell ul ose nenbrane‘

i ng reconbi nant expﬁ%@éﬁﬁa

were grown to ODerr]
2 hours and
resuspended in LB

| oadi ng
;“ sanpl e gvds ¢ oaded onto a

1
0 .

t & llovied by

th a 1:1000 diluti ®n of- an ,antlgoody to
~ Tim Springer). W observege thdt & he,«”
Qdi es” detected a 25 kd pratei ngeiim@tat -
| s expressed LFA-3. o"<8%:23 Cells vere
rr]gl/m ampicillin at 3,7'Ee,r:r,,,]: 4 O err]
was induced with 2 mMIPBG f@gizshours. Cells
e . resuggqméed t he
£.0) at 1 gm cell pellet p@g:8¢ m Tris
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NMeitbr ane fracti ons were next

centrifugation in

4l err] C Menbr a
7.0. 1 [err]l aliquo
wer e el ectrophoresed
wer e - di ssol ved
SDS- PAGE, coonassi e
subsequent protein
N-term nal sequence
|l YGVVYGNYVT-
determ ned for 15
(wall ner, et al. J.
product produced by
wi t hout et hi oni ne.
encoding 20 LFA-3

transnmenbrane domai n to obtai ntdp gys levelis XNis &pPIwS-
fornms of LFA-3. W used, our

Fi gure 3 which codes

- 29- 12, 000- 14, 000 psi .
separated from sol ubl e protei hy
SS34 Sorvall at 10,000 rpm for 30 nlnutesﬂﬁs SHEET HAS BEH
ne pellets were resuspended in 1 m of 25 q E{Rﬁ
ts of the supernatant and of the nmenbr
on a 15% SDS- denat uri ng PAG The nenbrane pellets
in SDS buffer and the proteins were separ at ed by
stained and the 10 LFA- 3 excised fromthe gel for
sequenci ng. Qur am no acid sequencing confirmed the
as MFSQQI YGVVYGN V T-LFA-3 and F S QQ

LFA- 3 whi ch mat ches the N-term nal sequence
the human LFA-3 purified from hu ryt hrocytes

Exp..,. . 1:6(3‘;1, bé 987)1. . PA?éﬁngly, t he
t hi 2 s a N‘terminal with and

We al so nodified the DNA sequence
t o TEFEIRCFT G ‘F‘t‘“f)d‘t‘t"‘? §#8¥F*t he hydr ophobi ¢
sion of sol uble
16 as depicted in
nsnenbr ane donai n.

aan AR
| AA?% cogit apni gg @ trg
Probe Sequence:

ACC TIT TTT GTC TTIT CIG TT
c c T € A

LFA;
f or

2

Oligonucleotide Probe Pool LF2-5:
20mer 384fo egenerate. Synthesized in four subpools of

. 96fold degeneracy.
Correspond to amino acid segquence:

gin an ile tyr gly val val

5’ CAG CAG ATC TAC GGN GTN GTN
A A T T
A

Prcbe Segquence:

3' GTC GTC TAG ATG CCN CAN CA
T T A A
T
LF2 3* GTC GTC TAG ATG CCA CAN CA
T T A A
T
LF3: 3° GIC GTC TAG ATG CCT CAN CA
T T A A
T
LF4: 3° GIC GTC TAG ATG CCG CAN CA
T T A A
T
LFS 3’ GTC.GTC TAG ATS CCC CAN CaA
* T A A
T
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el uted. Another aliquot of 50 pg of pHTI 6LFA3 plasmd

of Hi nd

fro

exci sed

and 100 units

50 [err]g of plasm d pHT16LFA3 DNA
agar ose gel

with 100 units of the restriction enzyne Scal

TFA-3ML7 Del eti on

was di gested

hour at 37[err]C. W separated the |inearized plasmd
and el ectro-

pl asm d by el ectrophoresis on a 1% 30

gel
DNA was digested with 100 units of EcoRl

25 -

4 base

fragnment by
ting

ct@pphoresis on a
W% used an
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1 hour at 37[err]C to excise nobst of the
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pairs of the HT16 cDNA sequence

Tabl e

ol i gonucl eoti de LF17,

1% agar ose gel
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TAGGGTTCGTCGCCAGTAAGTTACTTACCATAAGACTTTACA 5'

3!

TF16:

10 *

AS BEEN
ACED
30 ner

-THIS

LF17: 3" TAGGGTITCGICGCCAGTAAGT TTAACTAA

AZenEr

5|

43 ner

15

TCATCTTCTGITACCAATCATCTGTGTCTTGAATGACCCCT 3!

5|

CAGGGECCCECCCCECGT CGCTCCCAGCAAC 3

LF28: 20 5'

41 ner
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-31- treat rrent Wi tﬁEgLQCWEHBﬁHEﬂé nitrocelTul ose filters = ™ 'wereq =

hybr| d’| zed in PSB contaﬁl nj ng 1x10[err] fcppi m 32P- ki nased
ol i gonucl eotide LF17 at| 6p[ érf A® 897ni ght . Filters were washed at
65[err]C~in 0.1 x SSC (} oilaM.sodium 5 hlLggiLde, .0015 N sodiumcitrate)

and exposed to X-rlay film Positive [col onies were picked and grown
at 37[err]C, and Iy

S tapBd et
"Ml ecul ar d oni ng: .aporatory n%ﬁé ggfrdes rin rt)or (1982))
To verify the 10  GIHQ ercelblelleneenwldmp{aﬁé?:ﬁléegnédP\EtFt I‘E’e'-’o-RI and

Hind 111, Four PLPASM 7 col onl ggohad,jbeceanteatte 1r1ﬂ§tﬁnzfa=t3m RAéEEr n.
the correct DNA sequence of one was confirned :{ uei1C| ng

using the met h@:’p“-’zﬁyaﬁxéqraﬁﬁc@tbentOgsﬁﬁlbﬁ’le IEFA
Pl asmi d pLFA3M § ilg_%@lﬁgnéifzﬂq ,ﬁéﬁﬁ{lcnlne t 5ad1loy Qﬁeﬂm%éﬁ%fpr
onuc

.Lﬁﬁ‘?%ﬂcee_“e‘“t&a&em.@nweum 356 qvape rbAbBLan PR DT TGS e |
tides are homol 0gousdyo RRSKoRRE" 8n§32° sonﬁﬁzs(ﬁuclpltawde vﬁi)ﬂar]-daﬁl
nucl ot des L0 base B S T Shdatved thi ALGeRh SeeaE Da, 1o
sequence codi ngHA1d hse hydaepbobbé thatntbabbtrdmsiEdireanexpres-

10 sion, M17/CHO may be amplified in high concentrations
of methotrexate to amplify the LFA-3 gene.

To enable further the above-described
invention, we deposited the following phage carrying
an LFA-3 DNA sequence of this invention in the In

15 Vitro International, Inc. Culture Collection in
Linthicum, Maryland, on May 28, 1987:

AHT16 [AgtlO0/LFA-~3]
The phage has been assigned accession number
IVI 10133.

20 _While we have herein before presented a
number of embodiments of this invention, it is
apparent that our basic construction can be altered
to provide other‘embodiments which utilize the
processes and compositions of this invention. There-

25 fore, it will be appreciated that the scope of this
invention is to be defined by the claims appended
hereto rather than the specific embodiments which we
have presented by way of example.

The deposits BG8 referred to at Page 22 Line 34 and 2ZHT16 referred to at Line 17
above were transferred from in Vitro International Inc. Culture Collection (IVI) to
American Type Culture Collection (ATCC) on June 20. 1991 and were allotted the
following accession numbers:

BG3: 68791

»HTI16 [7.gt10/LFA-3): 75107



AGHET OF TTERTS T T Al g T e cytoplasnlc “dotifaig
|solated pl asm d pLFA3SM 6, and verified its go
descri bed above. LFA-3M23

cohstructed by pro- 30 cedures described for pL

ol i gonucl eot i de used for the nutagenesis was] L , B 41 ner
of which twenty-one nucl eoti des are honol ogous t base pairs 641 to
661 (Figure 3) and 20 nucl eoti des Jg%_base pak Lgure 3)
of HT16 cDNA. ' B. 1459

- 32- Mut agenesis with LF23 deleted the potential trans- :

- menbr anepn YUY ENEES ' RECOMBINRANT BNA MOFRCELEDNIND PROCESS FOR We

next i nsepp@su@inG devebROCYTA- BURGNIGN ASSOCTATERXANTEEGENA3vect or s t hat
also carry.a selective 5 marker. W believe having the selective marker on

the sane plasmd in close proximty to the LFA-3 gene during’
integration will assure coifitegration of t hese two genes and,
t herefore, their- cosel ection. W used the expression vector pJODs.

Vector pJOD-s

ABSTRACT

Polypeptides that bind to CD2, the receptor
on the surface of T~-lymphocytes. Most preferably,
the polypeptides bind to CD2 on the surface of

5 T-lymphocytes and inhibit adhesion between T-lympho-
cytes and target cells. DNA sequences that code on
expression in appropriate unicellular hosts for those
polypeptides. Methods of making and using those
polypeptides in therapy and diagnosis.



16" "fias been deposited with i'n"Vitro Thternational — ———enrture

Col l ection in Linthicum Maryland, on May 26, MCEM&NEa@"EEe
assrgned accessi on nunber | VI-10171. For the ¢ar - 3ML7,
ML6 and M3, the pJOD-s vector was |inearized vuth-;SMv;regs;lr ction
enzynme Sall, blunt-ended with Kl enow and ligajed with the Kl eho bl unt
ended Notl fragnment of pLFA3M 7, pLFA3M 6 or pL spégctive
l'i ga- tion mxtures were next transforned intg I\/C1061 and
col oni es containing the respective DNA,gere sel ect Y rzation
to oligonucl eotide probe LF28 (see Table 11), a 30 nmer, honol ogous to
base pairs 20 to . 49 of HT16 cDNA at 65[err]C in PSByandeawashed at 0.5
X SSC (0. 75M Nadl, 0.075M NaCl) at 65[err] & Positigei g col oni es
were picked, grown overnight in LB + anmp 25 50 pg/m, angl BNA pr epar ed.
The correct - sizes of the inserts were verified by rgstrpction enzyne
mappi ng. Four cl ones of pLFA3M 7, three cl ones & pEFA3RI 6 and one
cl one of pLFA3M23 showed the correct restriiction engym&wpatterns DNA
was prepared from 30 a clone of pLFA3M 7, pLFA3I\/|16 aﬂd»pLFg\BI\/IgB and the
correct DNA sequences were~confirned by DNA' sequencif©g 8eieBdSEng the
met hod of Maxam and G | be% (supra). To~eSEabBi shstabl e CHO
cell lines, 10 [err]g ~of pLFA3ML7 that had been® Ilngghged'with Pvul
was 35 transf ected int dJ.CHO cells by the calci umphﬁspugq &L procedur e
and el ectroporation as descri bed above. eeioY
b €<
5 1499
@ e 88180
Y w < Crhi<s
- S | | 2 9 € €4
ed 2 9 Ssigd
B g 2 s3s00
> > > B — k<<
> M " [N 1y S 4
82 R ] 65188
Bet 2 2 g i om EIITE &g
g; 5'.11 § g w : -€ $°17g
" b4 - < .
g 8 kB o2 o2 P T g g O
2 Eoild
€ Szize
2 8-‘-3:0:8
© v® «—8eing
¥ ¢* 80188
4] § “ g
2 | --38158
ot — T <€ [ =
2 ~ cirn
~ & 4 O 88188
L= M ™~ -, - 0 oV VL
Z a3 I I relss ~
P .u
n-88188.""
IELAE 43 S
— u-‘—g + §
: ¢ 8
- s
il
e Pl
i - I



The same procedure is used for establishing stabie p——~CHQ Cell iines

wi th pLFA3BML6 and pLFA3M23 CHO cel | s| tRERQAE

PLFA3M 7 were assayed for secretl on of solubl gL metsmﬁli
labeling with [err] S methionine. 5x10[err] cells Jper |1 f 6
well plate were labeled with [err] Snethionine flor Bﬁ!ﬁgu@g?a d
[err] S-LFA-3 precipitated wth Mb TS2/ 9. V‘éOsJ. (@)
secreted LFA-3. It shoul d be understood that tp obtain hi gher expres-
10 sion, ML7/CHO nay be anplified in 5gh concentratroms of

met hotrexate to anplify the LFA-3 gene. To enabl e further
t he above-descri bed i nvention, we deposited the foll ow ng phage
carrying an LFA-3 DNA sequence of this invention in the in 15 Vitro
International, Inc. Culture Collectionin Li nt hi cum Maryl and, on May
28, 1987: [err]HTI6 [[err]gtl O LFA-3) The
phage has been assi gned accessi on nunber | VI Fiﬁ;n%o

Wil e we have herein befigpsudleesesatredbe Pool LFIIUNMDES odiments of this
invention, it is #RSAr SREOIChERIEBAAPasi c construction can be altered
to provi de ot her enbod&mg;;&,-,witsmﬂ;,& Ia'bz@ sgmnce processes and
conpositions of this invention. _Ther e- fore, it wll be appreciated
that the scope of this i hiFeA¥S 3%° %0t lé'sb’épd’é’ﬁ ned by the clains
appended heret o rat her thenatherspaciarcaenadi ments which we

‘have presented by way of exanple. € 6GThd dE€po3it§ B referred to at Page
22 Line 34 and ?. HT16 sRberdeddedce: at Line 17

3 ACC TTT TTT GTC TTT CIG TT
cC cC T c A

oligonucleotide Probe Pool LF2-5:
Z0mer 384fold degenerate. sSynthesized in four subpools of
96fold degeneracy.

Correspond to am;no acid sequence:

gln gin ile tyr gly val val

5’ .CAG CAG ATC TAC GGN GIN GTN
A A T T
A

Prcbe Sequence:

3' GTC GTC TAG ATG CCN CAN CA
T T A A

- 7T
LF2: 3' GIC GTC TAG ATG CCA CAN CA
T T A A .

T
LF3: 3" GTC GIC TAG ATG CCT CAN CA
T T A A
T

LF4: 3°' GTC GTC TAG ATG CCG CAN CA
T T A A
T

LFS5: 3’ GTC GTC TAG ATG CCC CAN CA-
by T A A
T
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The DNA sequence according to clai m|1RERUAOEMENTsSHBET
a DNA sequence of the fornula
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4.
formula NJerr]-Nerr] of Figure 3,
a DNA sequence of the for
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expr essi on control
7.

The reconbi nant DNA nol ecul e according to claim 6,

sequence in sa1d reconbi nant DNA nol ¢

_sequence accordlng to cIa|n11 2 3 4 or 5 operatlvely I|nked to an

r\ul e

GRE@LACEMENT SHEET

‘expressi-on control sequence is selected fromthe group cpngst+rg—of—the
early or late pronoters of SV40 or adenovirus, the lac syste ﬁ] 7 LA¥en 4oy
system the TAC system the TRC system the najor oper at pr {and pronDter
regi ons of phage X, the control regions ? fd coat ' prot et n'—tte—promorer
for . 3- phosphogl ycerate kinase or other glycolytic enzyne$, the pronoters of
aci d phosphatase and the pronoters of the yeast a-mating*actors.

8. The reconbi nant DNA nol ecul e according to claim®6, wherein the nol ecule
is selected fromthe group consisting of B& (ATCC 68791, formerly |V
10170). 9. A wunicellular host transformed with a reconbi nant
DNA nol ecul e conpr|5|ng a DNA sequence according to claiml, 2, 3, 4 or 5
operatively linked to an expression control sequence in said reconblnant
DNA nol ecul e. 10. The host according to claim9, wherein said
host is selected fromthe group consisting of strains of E. coli,
Pseudononas, Bacillus, Streptonyces, fqul Sanlnal cells, plant cells and
human cells in tissue culture. g? The unlcellular host
according to claim10, wherein the anlnéﬁ cl is selected fromthe group
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cdélstlng of CHO, R1l.1 and L-MtK).

REPLACEM o |
-36- 12. A pol ypepti de encoded by a ENT ﬁT

the group consisting of the DNA sequences of cla m '}h-b% §§d
pol ypepti de being essentially free of other protejnsg A
13. The pol ypeptide according to claim 12, wherei

Sart—pelypentifdel has a

formula selected fromthe group consisting of: MVAGSDAGRRAL GV
LSVVCLLHCFGFI SCFSQQI Y38V V Y G N-v~F—kelL NVPL
KEVLWIKMBY DKVAELENSEFRAFSSFKNRVYLDTVSGS
LTI YNLTSSDEDR Y, | ESLPSP
TLTCALTNe,sF-E5*&%%?@%%?%@%%%@%?%%cpMEQ
CKRNS FopsistipgkoMENDL PQKI QCTLSNPLFNTTSSI I.LT
TCI PSSGHSRHRY,AL L,P L KCD
RKPDRTNS N  S@7 b g drgeky, cachipd, kﬁ%%%%f#% DT M
KFFL (ATcc 75107, formerly IVI 10133); |

(b) DNA sequences which hybridize under
conditions equivalent to about 20° to 27°C below Tm and 1 M
sodium chloride to the LFA~3 DNA sequence of (a) and which
code on expression for a polypeptide that binds to CD2, the
receptor on the surface of T-lymphocytes; and o

(c) DNA sequences which code on expression
for the polypeptides coded for on expression by the DNA

sequences of (a) and (b).
2. The DNA sequence according to claim 1,

‘wherein said DNA sequence (b) codes on expression for a
polypeptide that binds to CD2 on the surface of T-
lymphocytes and inhibits adhesion between T-lymphocytes and
target cells. :

' 3. The DNA sequence according to claim 2, |

wherein said polypeptide is soluble.
4. The DNA sequence according to claim 1,

wherein said DNA sequence is selected from the group
consisting of a DNA sequence of the formula N, 1047 ©f
Figure 3, a DNA sequence of the formula Nyy.,6e OF Figure 3,
~a DNA sequence of the formula Ni01 766 °f Figure 3, a DNA
Sequence. of the formula N101-611"N716-766 of Figure 3, a DNA
sequence of the formula ATG"N101-766 of Figure 3, a DNA
‘sequence of the formula ATG"N101-661"'N716-766 of '_Figure 3, a
| DNA sequence of the formula Ni.652"N716.1047 ©f Figure 3, and
DNA sequence of the formula N1~65'2"N764-1047 of Figure 3,' a
DNA sequence of the formula N1~661"N764-1047' and DNA _
sequgnces that are degenerate to any of the above DNA .
sequences.
' 5. The DNA sequence according to claim 1,
wherein said DNA sequence is selected from the group
_conSJ.stmg of a DNA sequence of the formula Ny7.765 ©Ff

AR UYL IIII




TH40ozZ<ArIHdn<z<<
OrI—H4u—4-4nIaz=n<4n<
TOIDZIL<TOZORTOAST

AZOX<I - TrMXZ0VLOM,
ZOrNr<<r—mz<nown

LPSPTLTCALTNGSI EVQCMI P

PMEQCKRNSTSI YFKMENDLPQ

| I LTTCIPS KCDRKPDRTNSN

TFHVPSNVPLKEVLWKKQKDKV F
RVYLDTVSGSLTI YN-TSSDEDE . | T D
LYVLESLPSPTLTCALTNGSI E | PEHYNS
MYSWDCPMEQCKRNSTSI| YFKME L P OR+—e-C T
FijuFeT3S & DNA kequén€el oP €h8 EoHnBlR ma-ub,g_gw OB | PLAVI
X MN.G N, S.N; ) Y GN
E%"%L‘V"’ p %n{i E"% P"—ﬁ)‘é“ﬁeg EtKaéeAdngﬁE§ & ko 9A%I‘—él SSFK
the gbgve DNA sequegcesT | YNL TSSDEDEYEMESPNI T
FLYVLESLPSPTLTCAL TNGSIEV.QCMIPEHYN
| MYSWDCPMEQCKRNSTSI YFKMENDLPOKI QC
L FNTT 8s |3 recempipaptpDNAGmelecylg QORPHIRIAY § D¥Ac p R K

Sebfuence according to claim 1, 2, 3, 4 or 5 operatively

~ linked to an expression control sequence in said

recombinant DNA molecule.

7. The recombinant DNA molecule according to

claim 6, wherein said expre551on control sequence is

selected from the group cons1sting of the early or late

.promoters of SV40 or adénovirus, the lac system, the trp

system, the TAC system, the TRC system, the major operator

and promoter regions of phage A, the control regions of f£d

coat. protein, the promoter for 3-phosphdglycerate'kinase or
other glycolytic enzymes, the promoters of acid_phosphatase
and the promoters of the yeast a-mating factors.

8. The recombinant DNA molecule according to

- claim 6, wherein the molecule is selected from the group

consisting of BG8 (ATCC 68791, formerly IVI 10170).

9. A unicellular host transformed with a
recomblnant DNA molecule comprising a DNA sequence
according to claim1, 2, 3, 4 or 5 operatively linked to an
expression control sequence in said recombinant DNA
molecule. - '

10. The host according to claim 9,_wherein'said
host is selected from the group consisting of strains of
E.coli, Pseudomonas, Bacillus, Streptomyces, fungi, anlmal
cells, plant cells and human cells in tissue culture.

11. The unicellular host according to claim 10,'
wherein the animal cell is selected from the group
consisting of CHO, R1l.1 and L—M(tK)

RRRR R



MVAGSDAGRALGVLSVVCLLHCFGFI SCFSQ RERLACEWENT, SHEET
GNVTFHVPSNVPLKEVLWKKQKDKVAELENSERRAFSS
FKNRVYLDTVSGSLTI YNLTSSDEDEYEMESGPINIBT b 1868
KFFLYVLESLPSPTLTCAL.3IgNGSI EVQCMI P YNSHR
GLI MYSWDCP,MEQC N.ST S Y E D | QCTLS
NPLF_NTTSS|1¥'L$?°§|?5’%-?(?‘#?“5{‘3:%’1}\6/'3DE&%%‘%’%‘.\DHRTNS
N, F S @eQecteédGivon the Nroup dnsistiigy of fethe DNA \sagqugnces ®K D K V.
AELEN E F R NS GBSt ihl1y Hde oS S D E D
£ v E m ECdang £ 0[?5? %ﬁ%é#@%%f%%ﬁ_gSPTi S Ll R
V Q C M | otherHpyoteing pfPhygnan qyiging SNPLFEFNTTSSI | LTTCI
PSSGHSMNGI LKCDRKPDRTNSN MVAGSDAGRALGYV
LSVVCLLHCFGFI.SCESQQl YGVVYGNVTFHVPSNVPL
KEVLWKK QK DR Ahe Q@W%’S@FW%@@% @\ﬂﬁlﬁ‘\}% LDTVSG
SL T YuldrenSs3id Bdypeptidd has R Nedriuld Edideted firdh \theE S L P S
PTLTCALTNGSI LEVQCMI PEHYNSHRGLI MYSWDCPME
Q C K R N9EOUP §onSEsEingEiN p | P QKI QCT.LSNPLFNTTSSI
It LTTCI PSSGHS,” FSQQI YGVVYGNVTFHVPSNVPLK
EVL WK K VA E.N VSGSL
T1 YN L}#VSASGB%DDAECE%%IEé‘E#;$¢ SHREEEYR T LS pep T
L TCALFISNQGGST YEQ/VWQWWCWE PEHF RN EHRGYE MY EWHDEPME QC
Efg gTQSId D' WAMEINEPN S RKR RESIsFRARINEDSSIsleL T T
SLTIYNLTSSDEDEYEMESPNITDTMKFFL
YVLESLPSPTLTCALTNGSIEVQCMIPEHY
NSHRGLIMYSWDCPMEQCKRNSTSIYFKME
NDLPQKIQCTLSNPLFNTTSSIILTTCIPS
SGHSRHRYALIPIPLAVITTCIVLYMNGIL
KCDRKPDRTN S N;
FSQQIYGVVYGNVTFHVPSNVPLKEVLWEKEK
QKDKVAELENSEFRAFSSFKNRVYLDTVSG
SLTIYNLTSSDEDEYEMESPNITDTMKFFL
YVLESLPSPTLTCALTNGSIEVQCMIPEHY
NSHRGLIMYSWDCPMEQCKRNSTSIYFKME
NDLPQKIQCTLSNPLFNTTSSIILTTCIPS
SGHSRHRYALIPIPLAVITTCIVLYMNGIL
KCDRKPDRTN S N; - '
MFSQQIYGVVYGNVTFHVPSNVPLKEVLWK
KQKDKVAELENSEFRAFSSFKNRVYLDTVS
GSLTIYNLTSSDEDEYEMESPNITDTMXKTPFF
LYVLESLPSPTLTCALTNGSIEVQCMIPEH
YNSHRGLIMYSWDCPMEQCKRNSTSIYFKM
ENDLPQKIQCTLSNPLFNTTSSIILTTCIEP
SSGHSRHRYALIPIPLAVITTCIVLYMNGTI
LKCDRKPDRTNS N;
FSQQIYGVVYGNVTFHVPSNVPLKEVLWEKRK
QKDKVAELENSEFRAFSSFKNRVYLDTVSG:

o
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SGHS, REPLACEMENT SHEE
REPLACEMENT SHEET -38- MVAGD AGRATS
VLSVVCLLHCFGFI SCFSQQI YGVVYGNVTFH\ FngawAm@gs
Ic_;gf}r/:__\\/(VKK_IQ_KDK_VSEL_ENSE3_II;_R,IA_||:_.SSFKg|I§Y.‘ ILDTV'S
SPT-LTéﬁ‘hﬁ.%%g’ﬁ'é%é%m&&@%\zﬁ%&géLDITbFm
EQCKRNYLEISLPKSMENLTICRQRINGCTIEYQRIMANTEHYS T
NV PRe RS FRE B B E S Y e @ i P KNS SRV ERRY O 8
SLTI YNDPLPRFEREVYELMNPELNINTTIBMREELITW\CLIEPSSL P S
PTLTCALENGHRHWQGMIkKRHRXP SRR FlsINMY SWDCP ME
QCKRNSTSI YFKMENDLPQKI QCTLSNPLFNTTSSI I L
T TCIl P S SGHSRHR : 14. A method of producing an LFA-3
pol ypepti deycprpre ss 9 £@ tRIA NG @ v, 2l W af hastg-asoorglimorte el aim9.
-FSQQIY'GVVYGN.VTF.HVPSNVP-LKEVLWKK
QKDKVAELENSEFRAFSSFKNRVYLDTVSG
SLTIYNLTSSDEDEYEMESPNITDTMKFFL
YVLESLPSPTLTCALTNGSIEVQCMIPEHY
NSHRGLIMYSWDCPMEQCKRNSTSIYFKME
NDLPQKIQCTLSNPLFNTTSSIILTTCIPS
 SGHSMNGILKCDREXKPDRTNSN;
FSQQIYGVVYGNVTFHVPSNVPLKEVLWEKEK
QKDKVAELENSEFRAFSSFKNRVYLDTVSG
SLTIYNLTSSDEDEYEMESPNITDTMEKFFL
YVLESLPSPTLTCALTNGSIEVQCMIPEHY
NSHRGLIMYSWDCPMEQCKRNSTSIYFKME
NDLPQKIQCTLSNPLFNTTSSIILTTCIPS
SGCGHSMNGILKCDREKPDRTNSN; '
MVAGSDAGRALGVLSVVCLLHCFGPFISC
FSQQIYGVVYGNVTFHVPSNVPLKEVLWEKK
QKDKVAELENSEFRAFSSFKNRVYLDTVSG
SLTIYNLTSSDEDEYEMESPNITDTMIXKPFFPFL
YVLESLPSPTLTCALTNGSIEVQCMIPEHY
NSHRGLIMYSWDCPMEQCEKRNSTSIYFKME
NDLPQKIQCTLSNPLFNTTSSIILTTCIPS
S GHS; .
FSQQIYGVVYGNVTFHVPSNVPLKEVLWEKEK
QKDKVAELENSEFRAFSSFKNRVYLDTYVSG
SL_TIYNLTS'SDED.EYEMESP_NITDTM’KFFL
YVLESLPSPTLTCALTNGSIEVQCMIPEHY
NSHRGLIMYSWDCPMEQCKRNSTSIYFKME
NDLPQKIQCTLSNPLFNTTSSIILTTCIPS
S GHS;
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15. The met hod according to claim 12, wherein the t r ansf or med roBEPILACEMENT SHEE'|
sel ected fromthe group consisting of CHQ(B&)a, Rl.1(B&8. and
L-MtK)(BG&), wherein BG is identified by deposit nunber ATCC 657?#7 IAN 1998
formerly 1VI. 10170. ' 16. A pharmaceutical conposifign g
conprising an innunosuppressant or enh nt effective amoun{ of = '

pol ypeptid r | of, I of claim
12 or 13 a #? g%%%&&%@%§H§W%@&%% % —
di agnOStICF(S)IQDGBInI‘R)IG Vt(Vd@tGe(N VIFHME SOOY P LK BV ISLP&FK Iés

T-cell subs $%fw&%m%w§Eww@@sw%www%@mﬁ@%@%

char act erize excess -

depl et ed C@Lﬂéélﬂé‘éo#brﬁﬁ By B HiBaghdE M E & Fedt i & SR BiF L L

Egl glroepgl dey Selrpqd & if 'od tther af aUe @IS ISt /Y Pff tHhey RPlynent isleg pfyclaim
NSHRGLIMYSWDCPMEQCKRNSTSIYFKME
NDLPQKIQCTLSNPLFNTTSSIILTTCIPS
'SGHSREHR; | - |

'-and

FSQQIYGVVYGNVTFHVPSNVPLKEVLW
QKDKVAELENSEFRAFSSFKNRVYLDTYV
SLTIYNLTSSDEDEYEMESPNITDTMKF
YVLESLPSPTLTCALTNGSIEVQCMIPE
NSHRGLIMYSWDCPMEQCKRNSTSIVYFK
NDLPQKIQCTLSNPLFNTTSSIILTTCTI
S GHSRHR. | -
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14. A method of producing an LFA-3 polypeptide
comprising culturing a unicellular host according to
claim 9.

15. The method according to claim 12, wherein
the transformed host is selected from the group consisting
of CHO(BGS8), R1. 1(BGS)' and L~M(tK) (BG8), wherein BG8 is
identified by dep051t number ATCC 68791, formerly IVI
10170.

16. A pharmaceutical ddmposition'comprising an
immunosuppressant or enhancement effective amount of a
polypeptide selected from the group consisting of the
polypeptides of claim 12 or 13 and a_ pharmaceutically
acceptable carrier.

17. A diagnostic composition to detect, in

vitro, CD2+'cells, such as T-cell subsets, or to monitor in
- vitro the course of diseases characterized by excess or

g




18. An in vitro nmethod of detecting CD2+ cells, such as T-cklREP§
for monitoring the course of diseases characterized by excegs.
CD2+ T-cells conprising the step of enploying, as a diagnostfi d,
conposi tion selected fromthe group consisting of the conpogitfi
17. : 19. A neans for detecting, in vitro, CD2 +
T-cell subsets, or for nonitoring in vitro the course of .di
characterized by excess or depleted CD2339-cel | s conpri si nga—eespasiiion
sel ected fromthe group consisting of the conpositions of claim17.

dﬂ? da augssm

depleted cD2* T-cells comprising a diagnostic effective
. amount of a polypeptide selected from the group consisting
‘of the polypeptides of claim 12 or 13.

i8. An in vitro method of detecting cp2* cells,
such as_T-ce11 subsets,'or_for monitoring the course of
- diseases characterized by excess or depleted cD2* T-cells
comprising the step of employing, as a diagnostic, a
composition selected from the group c0n51st1ng of the
compositions of claim 17.

19. A means for detecting, in vitro,ICD2+_ce11s,
such as T-cell subsets, or.for monitoring in vitro the
course of diseases characterized by excess or depleted cp2*
T-cells comprising a composition selected from the group
consisting of the compositions of claim 17.
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