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réPéfés to human | ynphocyt e- associ ated cell surface proteins.
Background of the Invention 5 Genes excl usively expressed by one
cel | | i neage, but not by others, often define the function of t hat
cell popul ation. The generation of genes by the assenbly of
functionally i ndependent domai ns has occurred frequently as new genes
have evol ved to encode 10 proteins with new functions. An inducible
endot hel i al -| eukocyt e adhesi on nol ecule (ELAMI1) is expressed on the

surface of cytoki ne- LEMBHOEYERCASSRCIATED CELle| SURFACUE PRATEINI e i s t hought
to be responsible forThe 1ﬁb§n€ﬁ&ﬁnyifﬁﬁé§‘ 14 Hinpad | eukocytes at sites of
e ad

15 |nflannat|on by medi atin esion_of cells to the
lymp ocyte-assoczated cell surface proteins.

_ Background of the Invention
5 Genes exclusively expressed by one cell
lineage, but not by others, often define the function of
that cell population. The generation of genes by the
assembly of functionally independent domains has
occurred frequently as new genes have evolved to encode

10 proteins with new functions. An inducible
endothelial-leukocyte adhesion molecule (ELAM-1) is
expressed on the surface of cytokine-treated endothelial
cells. This molecule is thought to be responsible for
the accumulation of blood leukocytes at sites of

15 inflammation by mediating the adhesion of cells to the
vascular lining (Bevilacqua et al., Proc. Natl. Acad.
Sci. USA 84:9238 (1987)). A granule membrane protein
found in platelets and endothelial cells, termed
GMP-140, has been cloned and is homologous with ELAM-1

20 (Johnston et al., Blood Suppl.l 72:327A (1988)).

Summary of the Invention
The invention generally features a human cDNA
sequence encoding lymphocyte-associated cell surface
protein LAM-1, which contains domains homologous with

25 binding domains of animal lectins, growth factors, and
C3/C4 binding proteins; and the LAM-1 protein encoded by
the cDNA sequence or an immunogenic fragment of LAM-1.
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vascul'ar lining (Bevilacqua et al., Proc. Natl. Acad. Sci. USA 84:9238
(1987)). A granul e nenbrane protein found in platelets and endot heli al
cellI's terned GWP- 140, has been cloned and is honol ogous with ELAMI| 20
(Johnston et al., Blood Suppl.l 72:327A (1988)).

Summary of the Invention Theyinvention generally features a
human cDNA sequence encodlng Iynphocyte associ ated cell surface

0f “ani el | oot ik, rbiRkhey BpOpdelt " RO ohrkings 48 2E0Td:EQTE 1T

LAM-| protei rrfmw@bmylatlort o BDmlsleqmmélcr cANAB n@génhﬁmﬂnagrrent

of LAM 1. ons cDNA librar q the amlno acla seguepb@ gfp£§gerred
enbodi nent , sequence < iso g ation of B
celI-speC|f|CP¥ﬂﬁ@%Pf#ﬁnﬁﬂ?ﬁﬁﬁﬂﬁially 35 1nd1cated in 2, more

5 preferably 80% homologous with the sequence shown‘in
Fig. 2 and most preferably 90% homologous. (Here '
"substantially as indicated" defines a sequence close
enough to the indicated sequence to have the same
function.)

10 In another aspect, the invention features
antibody developed against lymphocyte-associated cell
surface protein LAM-1, or a fragment thereof, or against
a molecule that specifically associates with LAM-1, or a
fragment thereof, to generate a functional molecule.

15 In another aspect, the invention features a
method of identifying cells that express LAM-1 which
involves reacting the antibody just described with a
population of cells and isolating those that bind the
antibody. Binding of antibody can also be used to block

20 the receptor activity of LAM-1.

' In another aspect, the invention features a
method of treating a human patient suffering from a
lymphocyte-mobilizing condition which involves
administering a therapeutic amount of an antagonist to

25 LAM-1 in a non-toxic pharmaceutical carrier substance.
In preferred embodiments of the method the patient is
suffering from tissue damage, an autoimmune disorder, or
cancer, or the patient is an organ or tissue transplant
recipient.

30 In another aspect, the invention features using
the cDNA sequence defined above to isolate
cross—-hybridizing human DNAs.

In another aspect the invention features using
LAM-1 to identify a ligand which will bind to it or to a



tonsTf cDNA library, and ihe am no acid sequence of the protein is
Substantially as indicated in Fig. 2, nore 5 preferably 80% honol ogous

with the sequence shown in Fig. 2 and nost preferably 90% honol ogous.

* (Her e "substantially as indicated" defines a sequence cl ose enough to
t he indi cated sequence to have the Sane 3 - function.) 10 I n

anot her aspect, the invention features anti body devel oped agai nst

| ynphocyt e- | ate | 1, ace rot in L t thereof,
or agai nst %ﬁﬁ%ﬁJ ebgﬁgg ?ﬁafpé %FFF% ﬁggbé%%é gf%&?%&%A‘ 8 or a

f ragnment theﬂﬂmﬁrateoagénapaﬁenalfmn&ecuhaL mol ecul e. 15 | n anot her

aspect, the inventioRgf r t o] |

express LAM 1 which As ?%&g @ggé%gaggs PQ?%GE%%€§€%i§¥ {Eﬁfﬁ%scrlﬁgd with a
popul ati on G@end] whighdipteractrgwitibs hhtabﬁnﬁntﬁéfersdm%F%oﬁys Bi ndi ng
of antiody ﬁﬁi&t&'oixq g ‘45ﬁﬂt‘iﬁoh?oﬁﬁaégﬁéewiﬁﬁeﬂiﬂ-ﬂlaé‘i"é/niry of LAM 1.

I n anot her ect %& tion features a met hod of treating a human
pati ent suff and ﬁPa in Sy FBhEBYT &+ mobi | i zi ng condi ti on which involves
admi ni stering a theragﬂphbeyaﬁBuﬁhociaﬁédaﬁéagoﬁuﬁfate gbotédk! in a
non-toxic p t|c rr stap erred enbodi nents of
the nmethod tHe patle ﬁbg%ﬁe ESceﬁggr Srggeln whighpﬁgé h6€

previously been identified. LAM-1 contains domains that

10 are homologous with those found in several different
receptors and is a newly described member of a gene
family that includes ELAM-1 and GMP-140, proteins which
have been implicated in cell adhesion. LAM-1 most
likely serves a similar function but is uniquely

15 expressed by lymphocytes. The isoclation of cDNA
encoding LAM-1 has allowed the determination of the
structure of this molecule; the cDNA has been used to
transfer expression of LAM-1 to cells that do not
express this gene.

20 Antibodies reactive with LAM-1 can be used to
identify cells that express this receptor and to block
its function. 1In addition, the cDNA protein product can
be used to develop antagonistic ligands that can
interfere with lymphocyte adhesion and function and

25 thereby be used to treat such conditions as tissue
damage and metastasis of cancer cells.

Other features and advantages of the invention
will be apparent from the following description of the
preferred embodiments thereof and from the claims.

30 In the drawings, Figs. 1A and 1B show the
structure of the LAM-1 cDNA clone.

Fig. 2 shows the determined cDNA nucleotide
sequence and the deduced amino acid sequence of LAM-1.
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suffering fromtissue damage, an autoi mune di sorder, or cancer, or the

patient is an organ or tissue transpl ant reci pient. 30 I n
anot her aspect, the invention features using t he cDNA sequence defi ned
above to isol ate cross-hybridi zi ng human DNAs. I n anot her
aspect the invention features using LAM1 to identify a ligand which
will bind toit or to a - 3-

rol coul o that, 13 PSR 19h 2SR o il WA Bekagaon BT 2, °
i ncl udes any LAM-1 agith attherh protedimst.s with LAM1 and interfers with its 5
function, eg., antibody {epCldneei¥ild dpifls! wdreé?holated from a

human tonsil ¢DNA library (ATCC #37546) using

5 = differential hybridization with labeled c¢DNAs derived

from either B cell (RAJI) RNA or T cell (HSB-2)-RNA

(Tedder et al., Proc. Natl. Acad. Sci. USA 85:208-212

(1988)). Positive plaques were isolated and cloned, and

the cDNA inserts were subcloned into the plasmid pSP65

10 (Promega, Madison, WI). Nucleotide sequences were
determined using the method of Maxam and Gilbert (Meth.
Enzymol. 65:499 (1980)). Gap penalties of -1 were
assessed during homology analysis for each nucleotide or
amino acid in the sequence where a gap or deletion

15 occurred. One of the 261 RAJI+ HSB2- cDNA clones
isolated, B125, contained a 1.90 kb cDNA insert that
hybridized with a 2.4 kb RNA species found in several B
cell lines (Tedder et al., supra). However, Bl125 did
not hybridize with any of the other RAJI+ HS8B2- clones

20 or with mRNA from several T cell lines. The B125 cDNA
clone was characterized by restriction mapping and
nucleotide sequence determination. A near-full-length
2.3 kb cDNA that hybridized with B125 was isolated,
sequenced, and termed pLAM-~1.

25 . As shown in Fig. 1A, a restriction map was
constructed by the standard single, double or triple
digestions of pLAM-1. The putative coding region is
shown in black. Arrows indicate the direction and
extent of nucleotide sequence determination and the open

30 circles indicate 5'-end labeling. In Fig. 1B, a
schematic model of the structure of the LAM-1 mRNA is
shown. Thin lines indicate 5' and 3' untranslated
sequences (UT), while the thick bar indicates the
translated region. The boxes represent the lectin-like
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Iigana‘mhich binds to LAM 1. Lynphocyt e- associ at ed cel

surface protein LAM1 is a unique receptor protein which has not
previously been identified. LAM1 contains donmains that 10 are honol ogous
with those found in several different receptors and is a newmy

descri bed nenber of a gene fam |y that_includes ELAM 1 and GWP- 140,
proteins which have been inplicated 1 n cell adhesion. LAM1 npst

ymanocytee. e, 3bTasPan: REGhe Bbco? URRRYCHne aapd R AR, |
detgrg;natio@wofshbet confenspstne?eat (ﬂCR)nuné?ﬂle;Thaeomeﬁxb¢Ew bggnress
use ZdhEﬁP:%ES% €X8 Aﬁfxlégggvé? tk%ﬁeﬁxﬂr&ﬁ% h?‘fl&{'friei?oﬂ p

this gene. I es reactrve w an. be used to
identify cells that e¥tbees¥pressienceft bBAMahdmR¥ADPYcRell lines 9fincti on.

In addi t son, 1Prﬂ§h%@HAaBH0h8hﬂ19ﬁﬁﬁH§a 620gin wabCek@finéd. dNGFHern .

Fnoti on andb3gt SFALFERy BevaEiad DAt cHMShoRYEEHI EPQrs i et

damage and mat 2s6akbsRNA epeetescehlisweakly to a 1.7 KbIRNAfspéeies and

desori piton oF BRAVCATT BRE. 4501a¥e SHPRCRRE Bntpibi L MAEE FFoH LB Gl ai .
Laz-509, and GK-5. However, RNA isolated from two pre-B

10 cell lines (Nalm—-6, PB-697), three B cell lines
(Namalwa, Daudi, BJAB), five T cell lines (CEM, Hut-78,
HSB-2, Molt-15, Molt-3), a myelomonocytic cell line
(U937 and U937 cultured with LPS) and erythroleukemic
(K-562) cell line did not hybridize with LAM-1

15 suggesting that expression of this gene was
preferentially associated with B lymphocytes.

The B125 cDNA clone contained an 1,181 bp open
reading frame that could encode a protein of 372 amino
‘acids as shown in Fig. 2. The numbers shown above the

20 amino acid sequence designate amino acid residue
positions. The numbers to the right indicate nucleotide
residue positions. Amino acids are designated by the
single-letter code, and * indicates the termination
codon. The boxed sequences identify possible N-linked

25 glycosylation sites. Hydrophobic regions that may
identify signal and transmembrane peptides are
underlined. The vertical arrow marks the most probable
position of the amino-~terminus of the mature protein.

(See von Heijne, Nucleic Acids Res. 14:4683 (1986)).

30 The amino acid sequence of LAM-1 predicted a
structure typical of a membrane glycoprotein. Two
potential translation initiation sites were found at
nucleotide positions 53 and 92. The second initiation
site conformed best to the consensus sequence for
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30 In the drawi ngs, Figs. 1A and | B show the structure of

the LAM| cDNA cl one. Fig. 2 shows the determ ned cDNA

nucl eoti de sequence and the deduced am no acid sequence of LAM1

- 4- Figs. 3A, 3B and 3C show t he honvol ogi es of LAM 1
Wi th other proteins. B celd -specific cDNAs were isol ated
froma hunan tonsil cDNA library (ATCC #37546) using 5

100 S e AORRE RS e AL ©
Acad. Sci . USAgwa)ZO&nalﬁas follpwedshy. aPhydrophobiaqneglmnref|Eblated and
cloned, and apming BWRY4EPNRaL"REY! BeEbEefitPS! 805Hat "pOpENGe P! afEd PSPES
algorithm of von Heijne predicted that the most probable
5 amino-terminus of the mature protein would be the Trp at
amino acid position 52. The LAM-1 sequence contained a
second hydrophobic region between amino acids 346-368
which may be a transmembrane reqgion. The deduced mature
LAM-1 protein would have an extracellular region of
10 about 294 amino acids containing 7 potential N-linked
carbohydrate attachment sites. LAM-1 would have a
cytoplasmic tail of 17 amino acids containing 8 basic
and 1 acidic residues. The two cytoplasmic Ser residues
may serve as substrates for phosphorylation since
15 protein kinase C phosphorylates Ser residues that are on
the carboxyl-terminal side of several basic residues.
These results suggest that the processed LAM-1 protein
would have a Mr of at least 50,000. The LAM-1 protein
can be isolated by conventional techniques, such as
20 affinity column chromatography with antibody or ligand,
from cell lines that normally express this receptor or
from transfected cell lines. Or the protein can be
synthesized by in vitro translation of the LAM~1 cDNA.
LAM—-1 combines previously unrelated domains
25 found in three distinct families of molecules: animal
lectins, growth factors, and C3/C4 binding proteins.
The proposed extracellular region of LAM-1 contained a
high number of Cys residues (7%) with a general
structure as diagrammed in Fig. 1B. As indicated in
30 Fig. 3, segments of homologous proteins are shown with
the amino acid residue numbers at each end. Homologous
amino acids are shown in boxes. Gaps (-) have been
inserted in the sequences to maximize homologies. The
first 157 amino acids of the protein (Fig. 3A) were



10° " (Promega, Madison, W). Nucleotide sequences were determ ned
ustng the nethod of Maxam and G | bert (Meth. Enzynol . 65:499 (1980)).
Gap penalties of -1 were assessed during honol ogy anal ysis for each
nucl eoti de or amno acid in the sequence where a gap or deletion 15
occurred. One of the 261 RAJI+ HSB2- cDNA_cl ones | sol ated, B125,
contained a 1.90 kb cDNA insert that hybridi zed with a 2.4 kb RNA
nes_(Tedder et. al ra).

[ f ' | . 11 L) :
Tbuever, B1280PI90RE Witk £ 1oFoR HHTER APENTR S ATRAY + sp2-
clones 20  (Bikutgshin®blAalt pnCekled Bl 657 c€1986) hesthe The B125 cDNA
I h | trl CLi ' I jyd
clone v chBkRi gl FENoRUEEs Hhehieh TARLN UL oy, mE] SC

hybri di zed WAERAB186iwalSAsBRH6465 (1985) seapdreevprah®theied pLAM 1. 25

As showg in EhdbokfParAtECBiAATAG OPr SBPINE(Dr ickakN Y Ul od Py  he

standard singl.e, double or triple di gestions of pLAM|. The putative
codi ng regi ofi1pL. Chem. 236458 7b1]a%$<]:)¢\r$%%§°'1”n"cﬁ &t A Y tre i TR on and
extent of nuMedo!Lde:segae(ressip eKrusinis cet aalll. | . @iyl 3Chem Circl es
Structure of 2BRs TAAPTLIMRA (1989 “ahg Srakamastf (A 11 P cdtids " ana o
unt ransl at edChem. 26@qt2228s(134%)) whi The tdmindiadidsrcansineads t he
10 among all animal-lectin carbohydrate recognition domains
are indicated (*). Although the sequence homologies
were less than 30%, all the invariant residues found in
animal lectin carbohydrate-recognition domains were
conserved (Drickamer, J. Biol. Chem. 263:9557 (1988)).
15 The next domain of 36 amino acids (Fig. 3B) was
homologous (36-39%) with epidermal growth factor (EGF)
(Gregory, Nature 257:325 (1975)) and the EGF-like repeat
units found in Factor IX (Yoshitake et al., Biochem.
25:3736 (1985)) and fibroblast proteoglycan core protein
20 (Krusius et al., supra).
Immediately following these domains were two
tandem domains of 62 amino acids each (Fig. 3C) that
were homologous with the short consensus repeat units
(SCR) that comprise the IL-2 receptor (Leonard et al.,
25 Nature 311:626 (1984)), Factor XIII (Ichinose et al.,
Biochem. 25:4633 (1986)) and many C3/C4 binding proteins
(Klickstein et al., J. Exp. Med. 165:1095 (1987); and
Morley et al., EMBO J. 3:153 (1984)). 1In contrast with
all of the previously described SCR that contain four
30 conserved Cys residues, these two SCR possessed six Cys
residues. The four conserved Cys residues found in all
SCR are indicated in Fig. 3C by (*); the additional
conserved Cys found in LAM-1 are indicated by (+). Of
the multiple SCR present in each of these proteins, the



transl ated region. The boxes represent the lectin-Iike
-5- and epidermal growth factor (EGF)-I|ike domains and the
short consensus repeat (SCR) units. The 8pen box i ndi cates the

putative transnenbrane (TM region.

mRNA by cel
Nor t her n

2.6 kb RNA species and weakly to a 1.7 kb RNA species

lines of 5 | ynphoi d and non-I1ynphoid origin was exam ne
bl ot anal ysis reveal ed that LAM1 hybridi zed strongly to

t wo

The expression of LAM1

d.

in poly(A)+ RNA

i sol ated from S Hits thei haighrsti hosBlogy tbalANSY, iandi&rammeavever,
RNA i sol ated faemaimdfopaeiB & I \ ( B9 three B cell
SagR Ebagse! prbeasoa ML BRED kg bicgE 5o

I i nes (Naal wa, Daudi , AB), Tive
HSB-2, Mlt-

B nes
15, WBFPJS), a nyel ononocytic cell line

The deduced amino acid sequence of LAM-1 is
homolpgous with that of ELAM-1 and GM?—140. Thus - these
two proteins and LAM-1 define a new family of homologous
structures that are expressed by different cell lineages

and that can function as receptors in cellular
interactions.

Use

As lymphocyte migration and infiltration into
areas of tissue damage or injury to tissue transplant can
cause or increase pathology, agents produced in
accordance with the present invention that impede these
processes are useful for therapeutic treatment. LAM-1 is
used as an antigen to produce antibodies against this
protein and to develop antagonistic 1ligands that can
interfere with lymphocyte adhesions and function. The
use of these reagents in research will permit the
determination of the 3-dimensional structure of LAM-1 and
clarify its 1role 1in 1lymphocyte function. The
administration of these reagents to patients can be used
to block or reduce pathology. As an example,
subpopulations of malignant cells that express this
antigen would allow the receptor to function in
metastasis of tumour cells. Agents developed to block
receptor function can inhibit the metastasis and homing
of malignant cells.

a



(U937‘énd U937 cultured with LPS) and erythrol eukem c (K-562) cel
line did not hybridize with LAM1 15 suggesting that expression-ef--this

gene was preferentially associated with B | ynph The
B125 cDNA clone contained an 1,181 bp open reagﬂﬂmﬂmyﬂ” IMOUI d
encode a protein of 372 am no aci ds @as. shown in*Fig. 2. "y " nber s
shown above the 20 am no aci d sequence designate am no acid residue
positions. The numbers to the right inggcate nucl eoti de resi due
positions. Am no acids are designated 8 single-letter code, and *

i ndi cates the term naflionA humendoDNATeegbenece smcodim®slympimdyte-possi bl e
N-Iinked 25 I t S| b} ML £ t

identify sigﬁasx%%é%%?aEggéqugﬁgcsg%?§gggﬂgre ?9 ?%ﬁ%é$€§%e . The
vertical arr &fnrairdnghdomadnsphemabegous wighshindingfdemaingdo- t er ni nus

of the matur@nimaleiBetins, GSSRLHOPabBLLEE, abCtS/Cs ASindimps. 14: 4683

(1986)). 30 . The amno acid sequence of LAM1 predicted a
structuré tyBreiPi8f-a nenbrane gl ycoprotein. Two pot enti al :
translation initiation sites were found at nucl eoti de positions 53 and

22 e second ini tiapi onpyg onith! SoGRBRALSE BESLm' P L051E008 AR
a human tonsil cDNA library.

3. The cDNA sequence of claim 1 isolated from
a population of B cell-specific cDNAs.

4. The cDNA sequence of claim 1, having a
nucleotide sequence substantially as indicated in Fig. 2.

5. Lymphocyte cell surface protein LAM-1
substantially as encoded by the cDNA sequence of any one
of claims 1-4, or an'immunogenic fragment of said
protein.

6. An essentially purified human lymphocyte-
associated cell surface protein LAM-~1, containing
domains homologous with binding domains of animal
lectins, growth factors, and C3/C4 binding proteins; or

5 an immunogenic fragment thereof.

7. The protein of claim 6, having an amino
acid sequence substantially as indicated in Fig. 2.

8. The protein of claim 6, having 80% or

greater homology with the amino acid sequence indicated
in Fig. 2.

This S heet H
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optimal .initjation )CCAUG (Kozak, Cell_44: 283-292

-6- -7 o
(1986)) and was rophoblc regi on of 27 ani
that may represe H [ de The al gori Emﬁ)“m Mﬂﬁ
predi cted that t am no-term nus rotein

woul d be the Trp at an1no aC|d positeon 52. The FAME 1 % Sequence
contained a second hydrophobic region between am no acids 346-368

whi ch may be a transngrbragg geateﬂn Ihecﬁsﬂﬂcedhaaiugego% or LAM1 protein
woul d have an extracell ul ar I on of 294 an1no%§gig§t8$ntalnlng

7 potenti al grbaﬁeadh0m°1oﬁxrUéﬁbdFBﬁeaﬁiPacﬁﬁ% t SEERERCe d have a
cytopl asm c |b1gf 47 am no acids containing 8 basic and 1 acidic
resi dues. Thé two cytoplasmic Ser residues may serve as substrates for
phosphoryl ati on since 15 protein kinase C phosphoryl ates Ser reS|dues t hat
are on - the carbonml-tammunabysdﬂsedbpeévegaunsastber§§P§Gé§ of :

any one of claims 5-9 or against a fragment thereof.

11. Antibody developed against a molecule that
specifically associates with the protein of any one of
claims 5-9, or with a fragment thereof, to generate a

functional molecule.

12. A method of identifying cells expressing
LAM-1 comprising reacting the antibody of claim 10 with
a population of cells and isolating cells to which said

antibody binds.

13. A method of blocking the receptor activity
of LAM-1 comprising reacting antibody of claim 10 with a
population of cells expressing said LAM-1

14, The use of the protein of any one of Claims 5-9
to identify a ligand that binds to said protein.

15. The use of the protein of any one of Claims 5-9 to
identify a ligand that binds to a molecule specifically associated

with said protein, or a fragment thereof, to generate a functional
molecule.

16. A pharmaceutical preparation for use in the treatment
of a patient suffering from a lymphocyte-mobilizing condition,
comprising a therapeutic amount of an antagonist to a protein according
to any of Claims 5 to 9 in a non-toxic phamaceutical carrier.

17. A preparation according to Claim 16, wherein said
antagonist comprises a ligand, or a portion thereof, identified using
the procedure of Claims 14 or 15.



These resul ts suggest that the processed LAM 1 protein woul d have a M
of- at | east 50,000. The LAM1 protein can be isolated by conventi onal
t echni ques, such as 20 affinity col um chldnmat ography with antibody or

| t gand, fromcell lines that normally express this receptor or
fromtransfected cell lines. O the protein can be synt hesi zed by in
vitro transl ation of the LAMl cDNA. LAM 1 conbi nes previ ously

unrel at ed domai ns 25 t hree disti nc ies o

ani mal | ectins, gro 2% r%nt%?l%mc%tf n%+ p?%?‘gp‘lﬁ & & e
proposed ext raoefl@lamse@ dm o, L luseniai nhe a:reatmemtgrommbpatbént‘—,ys
residues (7% V&&f‘férﬂﬁ%efse a 1&?&5&3‘&@&%&'&%@%&&1@ -sdéh £§

i ndicated in 30 nent ol ogous proteins are shown Wit
the anino acid ?%%ed%%ﬁr sagp agken igmpneshisqrin cancek, n‘bra‘BF‘aénar e

shown i n boxes. oﬁa@ﬁséué ﬁlﬁdﬁslbmlitatlonl nserted in the sequences to
maxi m ze honol ogi es. The first 157 amno acids of the protein (Fig.

3A) were _
19. The use of the cDNA sequence of any one

of Claims 1-4 to isolate human DNAs that cross-hybridize
with said cDNA sequence.

g -



-7 honol ogous with the lowaffinity receptor for IgE

(Ki*Kutani et al., Cell 47:657 (1986)), the asi al ogl ycoprotein
receptor (Spiess et al., Proc. Natl. Ac®~ Sci. USA 82: 6465 (1985))
and several other 5 car bohydr at e- bi ndi ng ins (Drickamer et al., J.
Biol. Chem 256:5827 (1981); Ezekowtz et & Exp. Med. 167:1034
(1988); Krusius et al., J. Biol. Chem 262 13120 13125 (1987); and

Takahashi et al., J. Biol. LYWSQMML(W "PROTEINANI no aci ds
conserved 10 anong all aninmal-lectin carbohydrate recognition domai ns
are indicated (*). Al though the sequence honvol ogi es were | ess than

30% all the invariantprRghshk eSO USénidhce encadin@! |ectin

car bohydrate eco nitjion domajn conserved Bi ol .
Chem 263 955 #e' associated cellsurfate R’%k’a "éh ds
(Fig. 3B) wascontauhmnm mls &&B@@Oumwmmmﬂdm dpmavitrs fefct or ( EGR):

(Gegory, Nat 7 units found

in Factor %@ﬁn%ﬁ?t }a‘g ltg é}é@g%&@@o&cy éﬂge%%@%lb%%gg and

fibrobl ast prbt‘é‘('—)gllyf%ana%@rbhér%h protein encoded bY the CDNA
sequence, are described. Antagonists to LAM-1 are used

in a method of treating a human patient suffering from a

lymphocyte-mobilizing condition which involves
administering a therapeutic amount of the antagonist in
a non-tox pharmaceutical carrier substance.
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20 .* (Krusius et al., supra). | mredi atelly f.ol.l-owmi ng these
damai ns were two t andem domai ns of 62 anino acids each (Fig. 3C) that
wer e honol ogous with the short consensus repeat units (SCR) that
conprise the IL-2 receptor f{Leonard et al., 25 Natur€311: 626 (1984)),
Factor Xl Il (Ichinose et al., Bi ochem 25:4633 (1986)) and many C3/C4
bi ndi ng’ proteins - (Klickstein et al., J. Exp. Ned. 165:1095 (1987); and
Mrley et al., EMBOJ. 3:153°(1984)). In COMzle@gd Mith all of the
previously described SCR that contain four 30 conserved Cys residues,

t hese two. SCR possessed six Cys resi dues. The four conserved Cys

resi dues found in all SCR are indicated in Fig. 3C by (*); the .

addi ti onal conserved Cys found in LAM1 are indicated by (+). O

the nultiple SCR present in each of these proteins, the
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SCR.wi th the highest honology to LAM1 is diagrammed. -A - 15 amno acid

spacer preceded the putative transmenbrane domai n. - The deduced
ani no aci'd sequence of LAM1 is honol ogous with that ELAM 1 and
GWP-140. Thus these two.pfoteins and LAM1 define a few fam |y of

honol ogous structures that are expressed by different cell |ineages and

that can function as receptors in cellular interactions. Use

As ‘| ynphocyte migration-and infiltration into areas of tissue damage or

injury to tissue transplant can cause or increase pathol ogy, agents
produced in accordance with the present invention that inpede these
processes are useful for therapeutic treatnment. LAM1 is used as an antigen
to produce antibodi es against this protein qﬂq to develop ant agoni sti c

ligands that can interfere with | ynphocyte a ﬁe3|ons and function. The
of these reagents in research wll permt- the ’
1 9

£ ° M ¢ Z R R T a € G P S K a M
;u:u:CCn? CGCTAACGAC CTCAGACCCT mcram*cn..m&::a ATG CGT 73T AGA AGa ACT aGA GAA GG CCX AGC AAA GCC ATG

20 : 30 : 40
IFPHKCQS‘IORDLH!!I?KL._'JG‘J‘.‘!LCCD
ATA_TIT £CA TGG AAA TGT CAG AGC ACC CAG AGG GAC TT2 GG AAC ATC 777 A4G TTS TOU CUS TSC aca ATG CT2 IGT 74T CGAT
50 10
rL"&unctnc*vrrnrs:x;suaoa.\uu?c

TIC CTG GCA CAT CAT 'GCA ACC CACTCE TGC ACT Tac C&l‘ TAT TC? GAA ARA-CCCATG-AAC-TGG-GAA AGG-GCT- AGA- AGA -TTC-ICC

S v —80: JRUSSRSNIS7. S —

100 . .- . 110

:""l

- e s ety

nn»{-lxr}JLVAIQ.HIAE!t!'SS.T:.PPSI_____
CGA GAC IAAT TAC ACAIGAT TTA GTT GCC ATA CAX AAC A3C CCG GAA ATT GAG TAT CTS Gad AlG 3G CCT TIC AGT CCT TCT
x s

T E .E A T N
ACT GaA GaA GCA GAG AAC

avk
!!HIGIRIIG'!‘JTUV'JT'I

ACT
120
L
TAC TAC TGG ATA GGA ATC CCG AAG ATA GGA GCA ATA TGG ACG TCC G‘G GGa ACC &.\C AAA TCTICIC

130 : 180 - T~ %0 -
Jcncz"r‘n":xxnxz.ncvz:-rzxanxonc:
1CG GGa GAT 8aG CCC-AAC &AC ARG AAG AAC A2G GaG CAC TGC GT5 GAS ATC TAT ATC A2G AGA AAC AXA GAT GCA GGC AsA

. 160 ~ 170 180

4« N o D A € K Kit K A a4 ¢ € Y T 4 S € Q P %« S € S G H G
TCC AAC GAT GAC GCC TSC CAC AAA CTA AAG GCA GCC CIC TCT TAC ACA CCT TCT IGC CAGC CCC TCG TCA TCC AGT CGC CAT GCA

390 200 2w
E € v E 1 ¢t Nf§ 7 1]¢c ¥ €6 » ¥V ¢ Y Y &6 P @ € Q £ v I Q@ C
GAA TGT GTA GAA AIC ATC AATIAAT TaC xccncc AAC TGT CAT GIG GGG TAC TAT GGG CCC CAG TGT CAG TIT CIG ATT CAG TCT

230
tl’LSlPELGTHD'CTHPLGIII'HI!ISOCAF
GAG CCT TTG GAG GCC CCA GAG CIG GGT ACC ATG CiC TGT ACT CAC CCT TIG GGA AAC TIC AAC TIC AAC TCA CAG TGT GCC TIC
2190 250 260

] scs:c'rul.rct:s'rtc:rrclws[s’:rr
. . - AGC TGC TCT CAA CCA ACA|AAC TTA ACTIGGC ATT CAA Cak ACC ACC TCT GAA CCX TIT GGAlAAC TCC TCAITCT CCA GAA CCA ACC
270 280 290
¢ @ ¥ I 9@ € & 2 L S &2 P D L € I K|{N C S{iH P ¢ & 8 F s I
" TGT CAA GIG ATT CAG TCT GAG CCT CTA TCA GCA CCA cu’ TIG GGG ATC ATG {AAC TST AGCICAT CCC CTG GCC AGC TTC AGC TTT
300 ) 310 320

T 8§ A €C T F I € S E € T £ L &I ¢ ¥ X Xx T I € £ S$'s ¢ 1t ¥

4CC TCT SCA TCT ACC TTC ATC TIC TCA GAA GGA ACT GAG TTA ATT GGG AAG AAG AAA ACC ATT TGT GAA TCA TCT CGA ATIC ISC

330 380 350
sS{® P S|P I € @ K L D K § F $ % I X E G D Y ¥ P L F I ?
TCAJAAT ccT ACT{CCL ATA 'mr CiA AAA TIC CAC AAA AGT TIC TCA ATG ATT AAG GAG GGT CAT TAT AAC CCC CTC TIC ATT CCA

: 360 - 1 370
Yy 4V H v T l F S € L &4 F T 1T % L A R R L K £ € K KX S X
313 G%! GIC ATG €37 ACT CCA T7C TCT CGG_TIG CCA TTT ATC ATT TGG CTG GCA AGG AGA TTA AAA AAL GCC AAG ARA TCC AaG
360
A S ¥ ¥ D P Y
AGA AGT ATG AAT GAC CCA TAT TAA ATCCCCCITS GIGAAAGAAA ATICITCCAL TACTAAAAAT CATGAGATCC TTTAAATCCT rcummc

CTITIGIGIG GTCGCACCIC CTACGICAAL CATGAAGIGT GTTTCCTICA GIGCATCTSG GAACATTICT ACCTGACCAA CACTICCTIC AGCTTCCATT
TCACCCCTCA TTTATCCCIC AACCCCTAGC CCACAGGICT TTATACACCT CAGCTTTITS TCTTTICICA CGAGAAACAA ATASGACCAT AAAGCCAAAG
GATTCATGIG GAATATAAAG ATCCCTCACT TISCICTTIC TICACICISG TITICAGTIT CAATICAGIG CICTACTIGA TGACAGACAC TICTAAATGA
AGTGCAAATY TCATACATAT GTGAATATCG ACTCAGITIT CTTCCAGATC AAATTICGCC TCCTCTICIC TATACGICGA GCTACACTCT ATGAAGICAL
AMGTCTACGC TCTCCTTICT TTCTAACTCC AGTGAAGTAA TGGGGTCCIG CTCAAGTTCA AAGAGTCCTA TTTCCACICT AGCCICCCCG TCTGTCAATT
GGACCATCCT ATTTAACTCC CTICASCLIT CCCACCTICT TCAGCCACCT CTCTITITCA GTIGOCIGAC TTCCACACCT AGCATCTCAT CAGIGCCRAG
CAAMGGAGA GAAGAGAGAA ATAGCCITCG CTGTTTTTTA GTTICCCCGT TTTIGCTCTTT CCTTTTATGA GACCCATTCC TATITICTITAT AGTCAATCTT
T TCTTYTATCA CCATATIAIT l_ﬂ?llﬂlm CATCACTGAA ATCCTAGCTG CAACTGACAT CICTTICATG 'l:c.\nmcn GAGTTAAAAC ACGTCCGAGAA
. ATTCCTIGAT TCACAAIGAA ATGCICTCCT TTCCCCTGCC CCCAGACCTT TTATCCACTT ACCTAGATIC TACATATICT TTAAATTICA TCICACCCCT
CCCTCAACCC CACCACTTCT TTTATAACTA GTCCTTTACT AATCCAACCC ATGATGACCT CCTCTTCCIG GCTTCTTACT GAAAGGTTAC CCTCTAACAT
GCAATTTIGC ATTTGAATAA ACCCIGCITT TTAACTCTTA AAAAgaatte
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determ nation of the 3-di
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structure of LAM1.and clarify
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sequence of Fig. 2. 2. The protein according to.claiml1, said
protein.having 90 or greater honology with the am no acid sequence of Fig.
2.. . 3. The protein according to claim?2, said pgstein having the
-amno acid sequence of Fi-g.( 2. 4. An inmunogenkc fragnent of human
| ynphocyt e- associated cell “surface protein LAM1 according to claim 2,
wherein said fragment conprises the extracellular domain of LAM 1.

5. ~ An i munogeni ¢ fragnent of human | ynphocyte- associated cell surface
protein LAM1 according to claim2,. wherein %&8‘6"# PRgnent conprises a

| ectin-1like domain. 6. An i munogeni ¢ fragnment of human | ynphocyt e-
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assotiated cell surface protein LAM1 according to cltaim2, wherein said

f nagnment conprises an epidermal growth factor (EGF)-Iike donain. 7.
An ‘i mrunogeni ¢ fragnent of human | ynphocyte- associated cell surface
protein LAM1 according to gfaim2, wherein said fragm:*@f conprises the
short consensus repeat (SCR} units.

8. . An isol ated nucleic acid sequence encodi ng a human

| ynphocyt e- associ ated celrl surface protein or fragment thereof according to

10

any pne of clainms 1 to 7. Figure 3C.
a ) + -
LaM-1 207 W Ijefcle[PiLfElafPle Lo Tiu o c TfAlP L G FIN[F]N -SlaCAF - - -
LAM-1 269 IQCEPILSAPDLF,IHNCER.PLASFSF!T-‘SACTF---
S8a © 137 A-GY|CISINPIG IIP|-'IGTIRKVGSIQYR[LED « = S|V ~iT]Y - = ~
CR1 694 (M- -lcioPlPlElzI L d-G[EUTPSRIQD-[NFSI-PGQEVF Y-~
IL-2R 101 PGH|ICIREPP-PWENEATERIYHFIVVG-QMIVYYQ-w--
FXIII 1 EXPlICIGFPHVENGR[AQYYYTFREFYFPHEIDKKLSF-
_ . ,
LAM-1 EFTN-L-T IEE-(TTCl- - - F{GIN s
LAM-1 E{ciT E -|L{~ 1|G|K K k|=-Ir[T}c|- - -{E]S s|G|x|w SN
Ba aic:.'r-l.-ncs,on‘-mrc---or-:ccsws_c
CR1 plolY D -iLj~ RIGIA A S|- LH|C|- - -|{T[FalciD¥ siD
IL-2R ocrnn.unngraf?l'—svcxnrucxrnuli"n
F~XIII AlclttTEssRQEEIQT T clT - T[E}- ~[G]-{% Si-




9.- The nucl ei ¢ acid sequence according to claim8 having the DNA sgﬁﬁéhEQu
set; foth in Fig. 2. 10. A reconbi nant DNA nol ecul e conprising a

nucl ei € acid sequence according to claim8 or claim9, operatively |inked
to ‘an expression control sequence. 11.,A host cell conprising a
nucl ei ¢ aci d sequence according to claim8 or“claim9 or a reconbi nant DNA
nol ecul e according to claim10. 12.. cell according to claim
11 expressing a human LAM1 protein or fra her eof according to any
one of clains 1 to 7. 13. A nmethod for producing a human LAM 1
protein or fragment thereofﬁ{W@ﬁbm&lmmo 7,
conprising the step of culturlng a host "cell according to cIa|n111 or claim
12.

A human cDNA sequence encodlng
lymphocyte-associated cell surface protein LAM-1, which
contains domains homologous with binding domains of
animal lectins, growth factors, and C3/C4 binding
proteins, and the LAM-1 protein encoded by the cDNA
sequence, are described. Antagonists to LAM-1 are used
in a method of treating a human patient suffering from a
lymphocyte~mobilizing condition which involves
administering a thérapeutic amount of the antagonist in
a2 non—tox pharmaceutical carrier substance.

Fig‘ 1
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14 The nethod according to claim 13, wherein the human LAM 1 pr ot ¥ptsdaes
the am no acid sequence shown in Fig. 2. 15, A human LAM1 protein
or fragment produced by the nmethod according to claim 13 or claim 14.

16. An anti body that binds to a human | ynphocyte associ ated cell surface
protein having 80% or greater honology with £he amino acid sequence shown

in Fig. 2 or
CLATMS
1. An essentially purified human lymphocyte-
associated cell surface protein LaM-1, said protain
having 80% or greater homology with the amino acid
sequence of Fig. 2.

2. The protein ac¢cording to claim 1, said protein
having 90% or greater homology with the amino acid
sequence of Fig. 2.

3. The protein according te claim 2, sald protein
having the amino acid sequence of Fig. 2.

4. An immunogenic fragment of human lymphocyte-
associated cell surface protein LAM-1 according to claim
2, wherein said fragment comprises the extracellular
domain of LAaM-1.

5. An immunogenic fragment of human lymphocyte-—
associated cell surface protein LAM-1 according to claim
2, wherein said fragment comprises a lectin-like domain.

§. An immunogenic fragment of human lymphocyte-
associated cell surface protein LBM-1 according to c¢laim
2, wherein said fragment comprises an epidermal growth
factor [|EGF)-like domain.

7. An immunogenic fragment of human lymphoeyte-
associated cell surface protein LAM-1 according to claim
2, wherein said fragment comprises the short consensus
repeat {(SCR) units,
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an i mmunogeni ¢ fragnment thereof, which antibody is capable of preventing or
I nhi biting | ynphocyte adhesion, mgration or infiltration into tissues in

i nflammati on of cells expressing said protein. 17. A pharmaceuti cal
conposition conprising an anti body according to claim 16 and a
pharmaceutical ly acceptable carrier, for usggin preventing or inhibiting

| ynphocyt e adhesion, mgration or infiltration into tissues of cell
expressing a human |y@ph00ﬂﬁe1@csm:écﬁmalaeblaém faemeptat encodiing ng 80% or

greater honol ogy \wi th m no_ ac uence, sh in Ei

Use of an anti bodi@& ?ﬁ?ﬁ% Y& cafsaﬁ°r‘ﬁlf%e§oc?l n %cgngklggﬁg%te cells that
express a human LfAddgheptothkerecf accordl@yg teamy cnepodt eilaimscbrédny- to any
one of clainms 1 to 3 or a fragnent according to any one of clains 4 to 7 as

an antigen to produce antibodi es directed agai nst
9, The nucleic acid sequence accoxding to claim 8

baving the DNA seguence set forth in Fig. 2.

10. A recombinant DNA molecule comprising a nucleic
acid sequenge according to claim 8 or claim 9,
operatively linked to an expression control sequence.

11. A host cell comprising a nucleic acid sequence
according to claim 8 or claim 2 or a recombinant DNA
molecule according to claim 10,

12. A host ¢ell according to claim 11 expressing a
human LAM-1 protein ox fragment thereof according to any
one of claims 1 to 7.

13. A metbod for producing a human LAM-]l protein or
fragment thereof according to any one of claims 1 to 7,
comprising the step of culturing a2 host cell according to
claim 11 or claim 12,

14. The mathod according to ¢laim 13, wherein the
human LAM~-1 protein has the amino acid sequence shown in
Fig. 2.

18, A human I&M-1 protein or fragment produced by
the method according to claim 13 or claim 14,

16.. An antibody that binds to a human lymphoceyte
associated cell surface protein having 80% or greater
homology with the amino acid sequence shown in Fig. 2 or
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sai'd protein or fragnent. 20. Use of an antibody according to claim
16 to isolate a hunan LAM 1 protein or immunogenic fragnment thereof
according to any one of clainms 1 to 7. 21. Use of an anti body
according to claim16 in the preparation of a medi canent. 22. Use of
an anti body according to claim116 in the prigparati on of a nedi canment for
use in preventing or inhibiting | ynphocyte adhesion, mgration or
infiltration intantifsussydnid tkhegmmt i texdoekhichxmitidyidy i& human

| ynphocyt e assocégégghéxg AUGLAEERE" Ok CldhitAsRg BRBMcyte adhesion,
migration or infiltration into tissues in inflammation of
cells expressing said protein.

17. A pharmaceutical composition comprising an
antibody according to claim 16 and a pharmaceutically
acceptable carrier, for use in preventing or inhibiting
lymphocyte adhesion, migration or infiltration into
tissues of cell expressing a human lymphocyte assoc¢iated
cell surface protein having 80% or greater homology with
the amino acid sequence shown in Fig. 2,

18, Use of an antibody according to claim 16 to
identify and isolate cells that express a human LAM-1
protein.

19. Use of a protein according to any one of claims
1 to 3 or a fragment according to any one of claims 4 to
7 as an antigen to produce antibodies directed against
said protein or fragment.

20. Use of an antibody according to claim 16 to
isolate a human LAM-1 protein or immunogenic fragment
thereof ae¢cording to any one of claims 1 to 7,

21. Use of an antibedy according to ¢laim 16 in the
oreparation of a medicament.

22. Use of an antibody according to claim 16 in the
preparxation of a medicament for use in preventing or
- inhibiting lymphocyte adhesion, migration or infiltration
into tisgsues in inflammation of cells expressing a human
lymphocyte associated cell surface pxotein having 80% or




12 'greater honol ogy with the am no acid sequence shown in Fig. 2.

12

greater homology with the amino acid sequence shown in

Fig. 2.



