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" FOR COMPONENT SELECTIN .FUNCTION

RELATED APPLICATIONS
This application is a continuation-in-part of Tedder,
U.S. Patent Application Serial No. 07/983,606, filed
November 30, 1992, which is a cohtinuation under 37 CFR 1.62
of Serial Nos. 07/730,503, filed July 8,1991, and 07/313,109,
filed February 21, 1989, both now abandoned. This
application also is a continuation-in-part of Tedder, U.S.
Patent Application Serial No. 07/700,773, filed May 15, 1991;
of Tedder, U.S. Patent Application Serial No. 07/737,092,
filed July 29, 1991; of Tedder et al., U.S. Patent
Application Serial No. 07/770,608, filed October 3, 1991; and
of Tedder et al., U.S. Patent Application Serial
No. 07/862,483, filed April 2, 1992, the whole of which are

hereby incorporated by reference herein.

FITEL.D OF THE INVENTION
This invention relates to the selectin family of
receptor adhesion molecules and particularly to agents
interfering with selectin function.

GOVERNMENT RIGHTS
Part of the work leading to this invention was made with
United States Government funds. Therefore, the U.S.
Governmeﬁt has certain rights in this invention.

BACKGROUND OF THE INVENTION
The ability of leukocytes to leave the circulation and
to migrate into tissues is a critical feature of the immune
response. Normally, the infiltrating leukocytes phagocytize

invading organisms or dead or damaged cells. However, in

pathologic inflammation, infiltrating leukocytes can cause
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~of | ynphocytes to high ""e_rrdot helial venules (HEV) of |ynph nodes

-and fo activated:endothelium P-selectin (also called . PADGEM
CD62 or QGWP-140) is expressed by activated platelets 15 and
endot helial cells (Johnston et al., Cell 56:1033 (1989); Hsu-Lin
et al., J. Biol. Chem 259:9121 (1984)) and nedi ates adhesi on
bet vveen nyel oid cells and activated endot hel i um or activated
platelets (Gallatin et al, Nature 304:30-84 (1983); Spertini et

al, J. Immunol., 147: 2565- 2573 1991 rse et 20 al, Cell,

59: 305- 312 (SR¥EAUS BRY etongtl (’Wa’i %‘8 éi Le“k°°Yﬁ?'1%%)")‘?ed
Anot her nmenhietrf lfmridtei dranisy J.Expas.lcaaﬁrelm :(ml aodumhnr of human akifdddll)
S expresseq ?E ﬂ(p en S C?ﬂ?t .,
Sci ence 243: #938\%) evi ?’%@ghagé Cﬁ]lé adult rFSPl(F'E%&T ﬁés%
Sci . USA 84: %Wﬂglwl‘ﬁ%ﬂ ifailurs and repqﬁi@%&% imBumy ndi ng of
neutrophils to engt helelle@tdlh SFaRSly of receptbr n&hﬁmbhom&f@aﬁiégqua

et al., Proc Ac d Sci 84:9
sel ectins é‘feéi\‘aacfé?rsf vethef r dpitial lnteE?S?‘&PPﬁnaP ly %Eéﬂj"é%"é)cfz ne‘§l
(Col Iins et exdotns) fiwl (sfamer, Nature 366: 326642478(1&991) Taxsiog | on

2 ! oniy Yl e Foaoss (38N ELAIRIIN o bl b,
172: 263- 272]019@0ﬁypressed on the surface of most classes of leukocytes
10 (Griffin et al., J. Immunol. 145:576-584 (1990); Tedder et
al., J. Immunol. 144:532-540 (1990)) and mediates the binding
of lymphocytes to high endothelial wvenules (HEV) of 1lymph
nodes and to activated endothelium. P-selectin (also called
PADGEM, CD62 or GMP-140) is expressed by activated platelets
15 and endothelial cells (Johnston et al., Cell 56:1033 (1989);
Hsu-Lin et al., J. Biol. Chem. 259:9121 (1984)) and mediates
adhesion between myeloid cells and activated endothelium or
activated platelets (Gallatin et al, Nature 304:30-34 (1983);
Spertini et al, J. Immunol. 147:2565-2573 (1991); Larsen et
20 al, Cell 59:305-312 (1989); Geng et al, Nature 343:757-760
(1990)). Another member of the family E-selectin (also known
as ELAM-1) is expressed by activated endothelial cells
(Bevilacqua et al., Science gi;{1160 (1989); Bevilacqua et
al., Proc. Nat’l Acad. Sci. USA 84:9238 (1987)) and partially
25 mediates the binding of neutrophils to endothelium at sites
of inflammation (Bevilacqua et al., Proc. Nat’l Acad. Sci.
USA 84:9238 (1987)). All selectins are derived from
evolutionarily related'genes (Collins et al., J. Biol. Chem.
266:2466-2478 (1991); Johnston et al., J. Biol. Chem.
30 34:21381-21385 (1990); Ord et al., J. Biol. Chem. 2§§:7760—
7767 (1990); Watson et al., J. Exp. Med. 172:263-272 (1990)),
and are characterized by an NH,-terminal, Ca*-dependent
lectin domain, an epidermal growth factor (EGF)-like domain
followed by multiple short consensus repeat (SCR) domains,
35 a transmembrane region, and a cytoplasmic tail. Although
the lectin domains are critical for the binding of specific
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carbohydrate ligands (Springer, Nature 346:425-434 (1990);
Lasky, Science 258:964-969 (1992)), the role of the conserved
EGF~-like domains is unknown.

It has been proposed that the treatment of a patient.
suffering from pathologic 1nf1ammatlon with an antagonist to
adhesion receptor function can result in the reduction of
leukocyte migration to a 1level manageable by the target
endothelial cells aﬁd the subsequent dramatic recovery of the
patient. Local administration of therapeutic agents can
block competitively the adhesive interactions between
leukocytes and the endothelium adjacent to an- inflamed
region. Therapeutic agents can also be administered on a
systemic level for the treatment of a patient suffering from
disseminated inflammation (Harlan and Liu, eds., Adhesion:

Its Role in Inflammatory Disease, W. H. Freeman (in press)).

SUMMARY OF THE INVENTION

We report here that the EGF-like domains of P-selectin
and of E-selectin can participate directly in cell adhesion,
having ligand binding sites distinct fron those of their
respective lectin domains. Cell adhesion mediated at least
by the P and E-selectins may be complex, involving
interactions between the lectin domain and a carbohydrate
ligand, and separately, between the EGF-like domain and one
or more proteins or other 1ligands. our discovery of a
difference in at least one of the ligands recognized by the
lectin and EGF domains of a given selectin has permitted the
preparation of chimeric polypeptides that combine within one
molecule the ability to target two or more different selectin
ligands and the use of these agents in therapy or in the
preparation of additional classes of antagonists to selectin
function.

Thus, the invention generally features chimeric peptides
or polypeptides that combine ligand binding portions from
within the lectin and EGF domains of two different selectins.
The peptides or polypeptides can be composed solely of the
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.-3 carbohydrate |igands {(Springer, Nature 346:425-434 (1990); Lasky, -

- Sci ence 258:964-969 (1992)), the:role of the conserved EG--1ike domains is
unknown. It has been proposed that the treatnent of a patient
suffering from pathologic inflammation with an antagoni st to adhesion
receptor function can result in the reduction of |eukocyte mgration to a

| evel nmanageabl e by the target endothelial cells and the subsequent
dramatic recovery of the patient. Local4adm nistration of therapeutic
agents can bl ock conpetitively the adhesive interactions between | eukocytes
and t he endénAératrfadgartdnng oofn lestimneer r E§Forfominapor i helyefBR can

al so be adnmjRi3tiaeedod¥t Porsy SloM &ny e\t tﬁé tfénéiﬁﬁﬁ@efﬂonﬁu?sp tst:@nt
suffering fron1d|s m nated infl a ti,on Haruﬂy and LI u, g S|on
LS Rol 0 nEPARPRRREFBRE. BFs SHLPP MEMCIR, & (e e ERacell

portion, of a generic selectin molecule. The peptides or

5 polypeptides also can be joined to a carrier protein (e.g.,
a soluble portion of an immunoglobulin molecule) to increase
the serum half-life of the therapeutic agent. In another
aspect, the invention features nucleic acid encoding the
chimeric polypeptides.

10 The chimeric polypeptides can be used as therapeutic
agents to antagonize selectin function. They are also useful
for screening for agents that are simultaneously antagonists
of the function of 1lectin and EGF domains of different

selectins.
15 As used herein, the term "polypeptide" is intended to
include shorter molecules, or ‘'peptides." The term

"essentially purified" refers to a polypeptide sequence that
has been separated or isolated from the environment in which
it was prepared or in which it naturally occurs.

20 BRIEF DESCRIPTION OF THE DRAWINGS
Other features and advantages of the invention will be
apparent from the following description of the preferred
embodiments thereof, taken in conjunction with the
accompanying drawings in which:

25 ' Fig. 1 shows the structure and expression of
L-selectin/P-selectin chimeric proteins (Lectin, 1lectin
domain; EGF, epidermal growth factor-like domain; SCR, short
concensus repeat; TM, transmembrane domain; C, cytoplasmic
domain) ;

30 Fig. 2a shows blndlng of HL-60 cells to COS cells
transfected with natural and chimeric selectins (Original
magnification, 200x);

Fig. 2b shows mapping of the domain(s) of L2P
responsible for adhesion of HL-60 cells (bars represent the
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A chineric selectin conmbining the EG- domai n-of P-
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delectin and the lectin

- bi ndifng domain of L-selectin has been disclosed (Kansas, G S. et al., The
Bi ol ogy, vol. 114/(2), 1991, pp. 357 - 358) but the ligand
bi nding properties of the EG-F domain were not appreciated. Kansas, G S.,
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100, 1992, pp. 287 - 293 disclosed a rationale for producing
domai ns of selectin were to be repl aced
domai ns of another fam |y nenber of the selectin fanily.
Again a Ilgand blndlng progerty of the EGF domai,n was not apfreC|ated

eans are representative of at S1xX
experiments);

Fig. 3a shows neuraminidase sensitivity for adhesion
mediated by the lectin and EGF domains of P-selectin;

Fig. 3b shows protease sensitivity and Ca?* requirement
for adhesion mediated by the 1lectin and EGF domains of
P-selectin;

Fig. 3c shows an analysis of the binding of the chimera
L2P3L;

Figs. 4a, 4b, and 4c show the cDNA nucleotide sequence
(SEQ ID NO: 1) encoding L-selectin and also show the amino
acid sequence of L-selectin (SEQ ID NO: 2); _

Fig. 5 shows the restriction map and the exon-intron
organization of the lyam-1 gene;

Figs. 6a, 6b, and 6c show the nucleotide sequence of
exons II through X of the lyam-1 gene; and
~ Fig. 7 shows the homology among the lectin and EGF
domains of L-, P- and E-selectin.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

We have examined the role of the lectin and EGF-like
domains of the L-, P-, and E-selectins in cell adhesion and
have determined +that the EGF-like domains of P~ and
E-selectin play a direct role in 1ligand recognition and
leukocyte adhesion mediated by the respective selectin. This
discovery has permitted the preparation of chimeric
polypeptides that combine within one therapeutic agent the
ability to target two or more different selectin ligands and
the use of these agents in therapy or in the preparation of
additional classes of antagonists to selectin function.

Determination of the binding specificity of selectin lectin
and.  EGF donmains

The functional activities of the lectin and EGF-like
domains of L-, P-, and E-selectin in the adhesive events

.described above were examined using a panel of
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.- 3a- ' SUMVARY OF THE | NVENTI ON We report here

-that “the EGF-1ike domains of P-selectin and of ‘E-sel ectin can participate
directly in cell adhesion, having ligand binding sites distinct fron those
of their respective lectin donmains. Cell adhesion mediated at |east by the
P and E-selectins may be conplex, involving interactions between the |ectin
domai n and a carbohydrate |igand, and separately, between the EG--Ii ke
domai n and one or nore proteins or othef $igands. Qur discovery of a

difference 'ﬁ‘seleé%fﬁ/ﬁiééfﬁcéiﬁ"éé%?”QE-é§f88€i§F€-§ZléQ€in chimeric
molecules. Referring to Fig. 1, these hybrid polypeptides
were created by exchange of cDNA encoding the lectin, EGF,
or both lectin and EGF domains of the desired selectin and
5 expression of the chimeric nucleic acid, as described in the
Experimental Procedures section. Many other methods familiar
to those of skill in the art can be employed to prepare
similar products.
The chimeras conserve the overall polypeptide backbone
10 structure of the selectins, and resulted in minimal changes
in the Jjunctions between domains. The functional
characterization of these chimeric selectins therefore
offered a powerful approach to determining the molecular
basis of cell adhesion mediated by these molecules and to
15 preparing diagnostic and therapeutic agents incorporating
properties of individual selectins into the same polypeptide.
Expression of the chimeric proteins in COS cells was
verified and quantitated wusing panels of P-, E- and
L-selectin domain-specific monoclonal antibodies (maAb) in
20 direct adhesion assays. The chimeric cDNA were subcloned
into the pMT-2 vector and used to transiently transfect COS
cells as described under Experimental Procedures.
Twenty-four hours before analysis, 2.5 x 10* transfected COS
cells were replated into 96 well plates. Expression of
25 domain-specific epitopes by chimeric selectins was assessed
using mAb reactive with specific domains and a surface
immunofluorescence assay as described (Luscinskas et al, J.
Immunol. 149:2163-2171 (1992)).
Referring again to Fig. 1, the individual constructs,
30 containing the indicated domains of P-selectin and L-
selectin, reacts only with anti-L-selectin and ~anti-p-
selectin monoclonal antibodies recognizing the specific,
indicated domains. These fesults demonstrate that the
chimeric cDNA encoded the expected proteins and that each
35 protein was expressed and readily detected on the surface of
COs cells. Note that the LAM1-1 mAb fails to recognize

This Sheet Has Been R

T




lectin and EGF domains of a given selectin has permtted the preparation of
.chineric polypeptides that conbine within one nolecule the ability to
target two or nore different selectin |igands and the use of these agents
in therapy or in the preparation of additional classes of antagonists to
sel ectin function. Thus, the invention generally features chineric
pepti des or pol ypeptides that conbine |igand binding portions fromwthin
the lectin and EGF domai ns of two diffeéréent” sel ectins. The peptides or

pol ypeptldes t?h” betﬁgn&%%edors O135}..yp(r?'fottelns, and therefore defines an

epitope composed of residues in both the lectin and EGF
domains. Values given are means of absolute optical density
(OD) units from which OD units obtained with a control.

5 non-binding mAb were subtracted. Experimental'vaiues less
than the control values are represented as zero. - The values
presented are typical of those obtained in three experiments.
The standard deviations for these fluorescence measurements
were less than 15%. )

10 Characterization of the adhesion reactions mediated by the
selectin lectin and EGF domains

The HL-60 myelomonocytic cell line expresses ligands for
P-selectin (Larsen et al, Cell 59:305-312 (1989); Geng et al,
Nature 343:757-760 (1990)) and E-selectin (Bevilacqua et al.,

15 ' Science 243:1160 (1989); Bevilacqua et al., Proc. Nat’l Acad.
Sci. USA 84:9238 (1987)) and was therefore used to assess
P-selectin and E-selectin function. Referring to Fig. 2a,
HL-60 cells bound at high levels to COS cells expressing
P-selectin, but did not bind to COS cells expressing L-

20 selectin. HL-60 cells also bound to COS cells expressing the
chimeric protein P2L, in which the 1lectin domain from
P-selectin was substituted for the 1lectin domain of
L-selectin. Therefore, the 1lectin domain of P-selectin
alone, when attached to the EGF-like and other domains fron

25 L-selectin, was sufficient to mediate high levels of HL-60
cell adhesion. However, the lectin domain of P-selectin
alone was not solely responsible for all HL-60 binding,
because HL-60 cells also bound to COS cells expressing L2P,
in which the P-selectin lectin domain was replaced with that

30 of L-selectin.

The domain(s) within L2P responsible for HL-60 adhesion
were mapped using additional chimeric selectins. Referring
to Fig. 2b, HL-60 cells bound to COS cells expressing L2P3L,
which contains only the EGF domain from P-selectin, but did

35 not bind to COS cells expressing L3P, which lacks both the _

s Sheet Has Been Replaced

W




~This is the replacement sheet - ! : -

10

15

20

25

30

-8 -

lectin and EGF-like domains of P-selectin but contains the
P-selectin SCR domains. Furthermore, binding of HL-60 cells
to P3L, which contains both the lectin and EGF domains from-
P-selectin, was approximately equivalent to that of native
P-selectin and significantly (P <.0.01; Student’s T test)
higher than binding of cells to P2L, even though expression
of P2L and P3L were approximately equal. These data indicate
that both the lectin and EGF-like domains of P-selectin
contain ligand binding sites capable of independently
mediating HL-60 cell adhesion.

For study of ligand binding sites in E-selectin, four
L-selectin/E-selectin chimeric molecules were constructed.
L2E has the 1lectin of L-selectin and the remainder of
E-selectin; E2L is the precise converse. LSE has the amino
terminal 88 amino acids of L-selectin (i.e., 74% of the
lectin domain) and ES5L is the precise converse. Binding of
HL-60 cells to COS cells expressing these chimeras was
assessed as before. The constructs containing only a portion
of a specific lectin domain exhibited zero binding, while the
binding to chimeras containing lectin and EGF domains from
different selectins was reduced by about a half. Therefore,
the overall pattern of bihding was similar to the results
with L-selectin/P-selectin chimeras.

Determination of the influence of EGF-domains on the adhesive
activity or specificity of the lectin domains

Adhesion mediated by P-selectin involves sialic
acid-bearing carbohydrates, possibly including the sLe*
and/or related structures, as well as protein determinants
(Larsen et al, Cell 63:467-474 (1990); Zhou et al, J. Cell
Biol. 115:557-564 (1991); Moore et al, J. Cell. Biol.

118:445-456 (1992); Moore et al, J. Cell Biol. 112:491-499

(1991); Polley et al, Proc. Natl. Acad. Sci. USA 88:6224-6228
(1991); Larsen et al, J. Biol. Chem. 267:11104-11110 (1992)).
Therefore, the effects of neuraminidase and protease
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- 4- I ndi cat ed aortlons of lectin or. EGF dohalns or they can -
-include portions of any of the remaining domai ns ( SCR,

transmenbrane or cytoplasmc), or the entire extracellular

portion, of a generic selectin nolecule. The peptides or 5

pol ypeptides al so can be joined to a carrier protein (e.qg., a
sol ubl e portion of an inmunogl obulin nDLeguLe) to increase t he
serum hal f-1ife of the therapeutic agent. I n anot her aspect,

the I nventi op-LeehunesolURkest, 881d:CRR0die hlero cos con1BelRidbsing

pol ypepti des I meric es can
t her apeuti ¢ either P‘SaééﬁtsnboPéﬁmag§nP2é y@ﬁe@ﬁﬁnlﬂGﬂetlon They are al so

useful izeﬁoeaueeafngsishagea@fdt heds Aifes rﬁiar@nmd/ cells
ant agoni st s he function of, | ectin and EGF donmi ns of

“different Slgnlflc%BF%XtKﬁé 04@1) but incompletely, Fedicsd aqhesion AL
"p®l ypept i deHL+-souaéanledot¢os cells expressictey rﬁmmeerp-smleemﬂres;r R3L

“pept | des. ¢ Bn contrast, SRRSRRITbEVSBUILL (ke UL o

pol ypepti de geq ence fh beén Separa iSO
envi ronnment Fh—6RAi ¢ells nearly completely ellmlnated adhe51on of HL-60

cells to P2L (Fig. 33). In addition, binding to the E-
selectin/L-selectin construct E2L was partially inhibited by
10 pretreatment of the HL-60 cells with CSLEX1 mAb directed
against sLex. Similarly, pretreatment of COS cells with mab

the

directed against the lectin domain of P-selectin

significantly (P < 0.005), but only partially, inhibited the

adhesion of HL-60 cells to P-selectin or P3L, but abolished
15 adhesion to P2L (Fig. 33).

Treatment of HL-60 cells with either chymotrypsin or
papain eliminated >90% of binding to COS cells expressing
P-selectin, P3L, or P2L (Fig. 3B). In addition, 2.5 mM EGTA
abolished adhesion (Fig. 3B). These results confirm the

20 importance of the lectin domain in adhesion, and offer
independent evidence that the EGF domain of P-selectin also
plays a direct role in adhesion, recognizing a protein
ligand.

A similar analysis was performed on L2P3L to

25 ‘ characterize adhesion mediated by the EGF-like domain of
P-selectin. Adhesion of HL-60 cells to COS cells expressing
L2P3L was also reduced, but not eliminated, by neuraminidase
treatment of the HL-60 cells (Fig. 3C). MAb directed against
the L-~selectin 1lectin domain present within L2P3L also

30 significantly (P < 0.0l1) inhibited adhesion. These results
suggest that recognition of specific carbohydrate structures
on HL-60 cells by the lectin domain of L-selectin, which
alone was not sufficient for cell adhesion, contributes <o
leukocyte adhesion in this system when this interactior is

35 supported by the adhesive activity mediated by the EGF dcaain
of P-selectin. Consistent with this hypothesis, rare
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it was prepared or in which it naturally occurs. 20

- BRI EF DESCRI PTI ON OF THE DRAW NGS O her features and
advant ages of the invention will be apparent fromthe foll ow ng
description of the preferred enbodi mrents thereof, taken in
conjunction wth the acconpanyi ng drawi ngs in which: 25
Fig. 1 shows the structure and expreSS|on of
L-sel ectin/ P-sel ecti n chi meric proteinS ('Lectl n, lectin

d i n; fact

Concensus r eehE LA EPERTHRPE AL A A LA veEp SpFASHPBaLLY observed
domai n); 30 on COS cells thanéﬁes’nedswlnthdIr.ﬁged.fecrﬁlnﬁCXdadid e PUSBE| | s
transfected w4 %%%51%61' i‘.nQeﬁ.@c@ih'/&lg&eEG%EBHSRQB{:éthﬁgs a megsurable

magni fi cati on, ](.3
domei n(s) cEEfimkty for purifdedonsimm b*z%@lh§§ﬁon(1iﬁx4~}_ 68tc@lis Fbars. .

represent th&y1 Biol. 117:895-902 (1992)). Adhesion of HL-60 cells to
1L2P3L was eliminated by EGTA, indicating that adhesion
mediated by the EGF-like domain is also Ca’*-dependent, and
was significantly (P < 0.01) reduced by protease treatment

(Fig. 3C).

10 Determination of the influence of EGF domains on the adhesive
activity or specificity of the lectin domains
In order to determine if +the EGF-like domains of
selectins have any influence on the adhesive activity or
specificity of the 1lectin domain, stable transfectants of
15 the 300.19 murine pre-B cell line expressing L-selectin,
P-selectin, L2P or L2P3L were generated. These cells were
tested for binding to lymph node HEV using the standard in
vitro frozen section assay (Stamper Jr. et al, J. Exp. Med.
144:828-833 (1976)). Transfectants expressing P-selectin did
20 not bind to HEV, whereas transfectants expressing L-selectin,
L2P or L2P3L bound to HEV equivalently and at high levels
(Table I).
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.- 5- means SD, and are representative of at |east six

- experinments); Fig. 3a shows neuram ni dase sensitivity for
adhesi on nmedi ated by the lectin and EGF donai ns of P-selectin; 5
Fig. 3b shows protease sensitivity and Ca[err] requirenent for
adhesion nedi ated by the lectin and EGF domai ns of P-selectin
Fig. 3c shows an analysis of the binding,pf_the chinera L2P3L

Table I. Adhesion of cell lines to lymph node HEV is
mediated by the lectin domain of L-selectin.

CDNA LAM1-3 expt 1 expt 2 expt 3
. mAb
5 none - 0.047 + 0.12 + <0.01
0.02 0.025
+ <0.01 ND ND
L-selectin - 3.43 + 6.85 + 2.44 +
0.42 0.45 0.51
+ 0.05 + ND <0.01
0.2
L2P - 3.71 * 6.64 + 4.40 +
0.26 0.43 0.3
+ 0.074 + ND <0.01
0.03
L2P3L - 5.71 + 6.85 + 3.94 +
0.33 0.18 0.27
+ 0.08 + ND <0.01
0.03
P-selectin - <0.01 <0.01 ND

10
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10 Fi gs. 4a, 4b, and 4c show the cDNA nucl eoti de sequence

.(SEQ ID NO 1) encoding L-selectin and al so show t he ani no aci d
sequence of L-selectin (SEQ ID NG 2); Fig. 5 shows the
restriction map and the exon-intron organi zation of the lyam1
gene; 15 Figs. 6a, 6b, and 6¢c show t he nucl eoti de sequence of
exons |1 through X of the |yam 1l gene; and Fig. 7 shows the
honmol ogy anmong the lectin and EGF = 12 - domains of L-, P- and
E-sel ectin. X . DESCRI PTI QN OF, THE_PREFERRED EMBCDI MENTS
20 WeTR8v destdm riemate Pél LvielsrtincalAngndatrheketore

domai ns of thpabie RE xﬁéuhaﬁ::&&j eBihasnd;ntaelﬂmdhn&horamhed to thehave
det er m ned nai ns_ of

di rect rolebgﬁtﬁﬁggnﬁ e%%ﬁﬁﬁt %Wl%ﬂﬁi°f P-541ecq%ﬂﬂ«m3ﬁ? Eg §3 ohaﬁgégated

by the res pebnmeusesg&ecmmhcen25hereforedbsndv'eOydlﬁﬁsrepﬁr tiypesdoft he
psepar ati onge9h o Eﬁrb&press 1ﬁgﬁnt S PeR defcHdiAt COgP! Bes gh%@%& nohe

t her apeutic agent to target two-or nore ferent
selectln ||§g%agc§ﬁgg the spec1f1c1t1es of both of the parent selectins

from which they are constructed. This acquisition of novel
adhesive properties as a result of the exchange of lectin or
EGF-like domains between selectins reinforces our hypothesis
10 that the EGF-like domain of P-selectin can mediate cell
adhesion. In addition, these data directly demonstrate the
functional independence of the lectin and EGF-like domains,
and therefore argue against a role for the EGF-like domain
in determining the carbohydrate specificity of the lectin
15 domain.

Structure of the IL.-selectin gene
As disclosed in U.S. Patent Application Ser. No.
07/983,606, cDNA encoding L-selectin has been cloned and the
sequence determined, as shown in Figs. 4a, 4b and 4c (SEQ ID
20 NO: 1). The cDNA encodes a protein of 372 amino acids (SEQ
ID NO: 2).
The structure of the Iyam-1 gene, which encodes the LAM~-
1 protein, was determined by isolating overlapping genomic
DNA clones that hybridized with a LAM-1 cDNA probe. The
25 lyam-1 gene spans greater than 30 kb of DNA and is composed
of at least 10 exons. The 5’ end of the LAM-1 mRNA was
mapped by primer extension analysis, revealing a single
initiation region for transcription. Exons II through X
contain translated sequences; exon II (SEQ ID NO: 3) encodes
30 the translation initiation codon, residue 14 shown in Fig. 2;
exon III (SEQ ID NO: 4) encodes the leader peptide domain,
residues 15-41; exon IV (SEQ ID NO: 5) encodes the lectin-
like domain, residues 42-170; exon V (SEQ ID NO: 6) encodes
the epidermal growth factor-like domain, residues 171-206;
35 exons VI (SEQ ID NO: 7) and VII (SEQ ID NO: 8) encode the

i
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.the use of these agents in therapy or in the preparafion of

-additional classes of antagonists to selectin function. 30
Det erm nati on of the binding specificity of selectin lectin and
EGF donmai ns The functional activities of the lectin and
EGF- 11 ke domains of L-, P-, and E-selectin in the adhesive events
descri bed above were exam ned usingqza_ panel of

short consensus repeat unit domains, residues 207-269
and 270-331; exon VIII (SEQ ID NO: 9) encodes the
transmembrane region, residues 332-373; exon IX (SEQ ID
NO: 10) encodes seven amino acids containing a potential
5 phosphorylation site, residues 374-380; and exon X (SEQ ID
NO: 11) encodes the five remaining amino acids of. the
cytopiasmic tail and the long 3’ untranslated region.
The pLAM-1 cDNA was labeled with 3P and used as a probe
to isolate hybridizing DNAs from a human leukocyte genomic
10 DNA library. Approximately 1 X 10° plaques were screened,
and 13 plaques that hybridized with the cDNA probe were
identified and isolated. Seven of these clones were found
to contain inserts with unique restriction enzyme maps
representing overlapping genomic fragments spanning at least
15 30 kb. These inserts, LAMG-17, -19, -20, -28, -35, -37, and
-47, were further digested and subcloned into plasmids.
Detailed restriction maps of these subclones were made and
compared to those of intact inserts to determine their
correct locations (Figs. 4A and 4B).
20 ~ The correctness of the restriction map was verified with
Southern blot analysis. DNA isolated from two B cell lines,
BL and BJAB, and one T cell line, HSB-2, was digested to
completion with Bam HI, Bal II, or Pvu 1I, size-fractionated,
and transferred onto nitrocellulose. This filter was probed
25 with the LAM-1 cDNA clone, pLAM-1l. All genomic fragments
derived from endonuclease digested DNA hybridized with cDNA
probe to generate hybridizing bands of the appropriate size.
The pLAM-1 cDNA clone encodes an 85-bp 5/ untranslated
region. An oligonucleotide homologous with the 5’/ sequence
30 of the pLAM-1 cDNA was used as a probe for primer extension
analysis. This oligonucleotide was hybridized with poly (A*)
RNA isolated from the human B cell line RAJI, the LAM-1
negative human B cell line Namalwa, the mouse pre-B cell line
A20, and yeast tRNA as a control. Complementary DNA was
35 synthesized by extending the primer with reverse.
transcriptase. The major primer extension product obtalned

This Sheet Has Been R

AN Ill llll



”~

.- 6- L-sel ectin/P-sel ectin and L-sel ectin/ E-sel ectin chimeric

-mol ecul es. Referring to Fig. 1, these hybrid pol ypeptides wer e
created by exchange of cDNA encoding the lectin, EGF, or both
l ectin and EGF domains of the desired selectin and 5 expressi on of
the chinmeric nucleic acid, as described in the Experi ment a
Procedures section. Many other nethods famliar to those of skill

in the art can be enployed to prepare _ simlar products.

IR SN Ter 25, PR e ADERYERTLL BOLYPERLIACCREPPERE A wg exfphiel e

junctions -br2éasucleotibdes. beyorihe tHauntiremsdation initiakdoact edteati on

of these chifBdlé Wl il 818EReE of transcrPptibATifiPIURILY saRREOach

o determ ning e nolecu asi's of cell adhesion nedi ated. by

these nol ecufes tiae ipamsl gene appapgntndnditdighdzaaction whehRRIL BNA ©

agents incorppd@t wAg not foundPRORY ttRE afam-ndi HedualveehrGidTiva i Ria.t he

igp?spaggmﬂgéégéal primer extens?é r%%%h%gt%fJ%N%{%gr§¥$£i£¥o£gl%%°gg 5
of the human B cell line RNA were obtained with mouse B cell
RNA. Therefore, murine B cells may express an RNA species
that cross-hybridizes with the oligonucleotide probe used.

10 No primer extension products were obtained in the yeast tRNA
control reactions.

The relationship of the primer extension results to the
cloned LAM-1 cDNAs and the most 5/ exon of lyam-1 isolated
was used to determine the nucleotide sequence of the exon

15 that encodes the translation initiation AUG codon. This exon
ends immediately after the site that encodes the translation
initiation codon (Fig. 5) and overlaps precisely with the
pLAM-1 cDNA sequence. The length of the cDNA clone obtained
by Bowen et al., J. Cell Biol. 109:421-427 (1989) agrees

20 precisely with the primer extension results except for two
nucleotides. However, 15 nucleotides before the 5/ end of
the cDNA the sequence diverges from the genomic sequence at
a site homologous with the 3/ spiice acceptor site consensus
sequence. Therefore, it is most likely that this 15-bp

25 region is derived from the exon upstream of this potential

- splice site. Thus, the primer extension results indicate
that exon I would most likely be composed of 15 or fewer base
pairs.

A 15-bp oligonucleotide homologous with +the &5/

30 nucleotides present in the cDNA clone of Bowen et al., supra
but not encoded by exon II, was used to probe the 10 kb of
cloned DNAs 5§’ of exon II; however, specific hybridization
was not detected by  Southern blot analysis. Under the
conditions necessary for hybridization of this

35 oligonucleotide, significant cross-~hybridization occurred
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,verified and quantitated using panels of P-, E- and L-selectin

- domai n-speci fi ¢ nonocl-onal anti bodies (mAb) in 20 di rect adhesion
assays. The chineric cDNA were subcl oned into the pMI-2 vector
and used to transiently transfect COS cells as descri bed
under Experi nment al Pr ocedur es. Twenty-four hours before
analysis, 2.5 x 10[err] transfected COS cells were replated into
96 well plates. Expressi on of 25 15 fomai n- specific epitopes by
chinmeric se I RS S e ugi_n a i fic

- domai ns andugg%hﬁfgﬁg' %é&ﬂ%% qt dlfleP&gr%chﬁgﬁggégagaég% %é:

(Lusci nskas tet isiolate the first annn@tomlag%2b63e21@enpmiﬁnnlbrary-
Referring agai n i@ elged résulttﬂe éw{!ﬂjé&ﬁ“@ﬂa&%& reeds wieh er\codé@“é{é” ng

~the indicated domains P-sel®ectin ctin, reacts
only with afrensla&ion #HléEﬁ&t&HPl spte is the seqqnd §¥9p rﬁfnd'é'}%nléﬁ am=1.

ast i bodi es geeRINiIFEg\O 4td)e. sméistent with thiggi enéedodompl mfpstreﬁhese

I d h d
protel ns. andh IHRCTEdch Gt Kot copERin RAYERBATR ISR 1 85 1P Gt bet ed

on t he surf&@quahces frequen€ly feuhd.in pNomotdmirddionsAME tukéryatiic to
recogni zé genes (Fig. 5). Therefore, it is 1likely that the
transcription initiation region and exon I are further than
10 10 kb upstream from exon II of the lyam-1 gene. S1 nuclease
protection analysis was carried out using the 5’ region of
exon II as a labeled probe for hybridization with poly (&%)
RNA from RAJI, Namalwa, and A20 cells. Two mRNA species were
protected in the RAJI mRNA, while no S1 protection was
15 provided by the other RNAs. The length of these fragments
was consistent with differential splicing at the two
potential CAG/N splice sites located within the potential
splice acceptor site in exon II. It is therefore likely that
the transcription initiation region has not been identified.
20 The majority of the exons were localized by comparison
of the restriction enzyme maps of the genomic clones and the
pLAM-1 cDNA. In cases where this method did not provide
definitive results, subcloned DNA fragments were digested
with selected restriction enzymes, electrophoresed through
25 ' agarose gels, and transferred to nitrocellulose. Fragments
containing exons were identified by Southern blot analysis
using labeled cDNA or oligonucleotide probes. The exon that
encodes the 3’ untranslated region of the LAM~1 cDNA was not
contained within the 30 kb of isolated DNA fragments.
30 Therefore, a labeled 0.9-kb Dra I fragment containing most
of the 3’ untranslated region of the pLAM-1 cDNA was used as
a probe to identify a homologous 3.2-kb fragment generated
by complete Eco RI digestion of genomic DNA. Eco RI-digested
genomic DNA fragments of this size were used to make a
35 partial A-gtll genomic library from which the 3.2-kb Eco RI
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- T- either the L2P or P2L proteins, and therefore defines an

- epi tope conposed of residues in both the lectin and EGF donmai ns.
Val ues given are neans of absolute optical density (OD) units
fromwhich OD units obtained with a control 5 non- bi ndi ng mAb were
subtracted. Experinental values |ess than the control values are
represented as zero. The val ues -1 presented are typical of those
obtained in three experinents. $he standard deviations for these

f uorescenc%xrygquy{ter@g Scloned. This 3.2-kb fragment did not overlap
with the previously isolated genomic DNAs.
The exact boundaries of the exons were determined by
nucleotide sequence analysis. From this analysis, nine exons
5 were identified which make up the entire pLAM-1 cDNA.
Exon II encodes the translation initiation codon, and
exon IITI encodes the leader domain of the LAM-1 protein
(Fig. 5). Each of the lectin-like, epidermal growth factor-
like, transmembrane, and short consensus repeat domains was
10 encoded by a separate exon. The smallest exon, IX, is 19 bp
in length and may encode a carboxyl-terminal phosphorylation
cassette. The last 5 amino acids of the LAM-1 protein and
the 3/ untranslated region which includes the poly(Aa)
attachment site, AATAAA, are encoded by exon X as shown in
15 Fig. 5. The nine exons which encode pLAM-1 were split inside
codons in all cases, except the junction between exons II
and III. In each instance, the consensus sequences of 5/
donor splice sites and 3’ acceptor splice sites were adhered
to. Nucleotide sequence polymorphisms within the coding
20 region were observed between the genomic clones containing
exon V that encoded SCR I and the pLAM-1 clone at cDNA
nucleotide positions 741 and 747 (A to G), leading to a
coding change from Asn to Ser in both cases, and at
position 816 (A to G) changing the Glu to a Gly.

25 Experimental Procedures
Construction of Chimeric Selectin cDNAs

Four new restriction endonuclease recognition sites were
introduced separately into the pLAM-1 cDNA by polymerase
chain reaction (PCR)-based site~directed mutagenesis as

30 follows. Oligonucleotides surrounding and including each new
restriction sequence were synthesized in both the sense and
antisense directions. PCR was carried out using the new
restriction site sense oligonucleotide and an antisense
oligonucleotide anchor located in the plasmid near the 3’ end

35 of the cDNA. 1In a separate reaction, the new restriction
site antisense oligonucleotide plus a sense oligonucleotide
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.were less than 15% 10 Characterization of the adhesion reactions
-medi ated by the selectin lectin and EGF dommi ns

The HL-60 nyel onbnocytic cell |ine expresses |igands for

P-selectin (Larsen et al, Cell 59:305-312 (1989); Geng et al,

Nat ure 343:757-760 (1990)) and E-selectin (Bevilacqua et al., 15

Sci ence 243:1160 (1989); Bevilacqua et al., Proc. Nat'l Acad.

Sci. USA 84:9238 (1987)) and was therefdk® used to assess

P-selectin and E-selectin functign. Referring to Flg - 60
cel | s boundaBehargRrray dhe Pdagmddc ' endres]iwed to ampllﬁYSEPéclsl n,

but di d not ehan@dst CEKESLER-N S RN, ess'me ind3®idual PC&E|pﬁbdﬂctb1L-f€erCe| | s

ahich the | EBEFR dumaneda e wert"Se purisiady A0 tultd fhlor &P ho

| ectin domap8P66 vector (Prdmegs &dtec, Matdseher¥l){ htidested widtmitheof -

e Sot ! appropriped, SABCBES. LAGDRMs! ol ALt opatnaL e mi
nucleotide changes were as follows: (a) GA*ATCC to GGATCC in
the lectin domaih, creating a BamHI site, corresponding to
amino acid number 53 in the mature protein (Fig. 2);
(b) A™TGCAG to CTGCAG in the EGF domain, creating a PstI

10 site, corresponding to amino acid number 127; (c) GAGG¥!C¥C
to GAGCTC in the first SCR domain, creating a SaclI site,
corresponding to amino acid number 164; and (d) GTCAAA!"® to
GTCAAC in the second SCR domain, creating a HincII site,
corresponding to amino acid number 279. The fidelity of the

15 site-directed mutagenesis was confirmed by restriction
mapping and sequence analysis of the cDNAs. Each of these
sites is naturally present in the PADGEM cDNA (Larsen et al.,

Cell 59:305-312 (1%84)).

Domain Mapping of Binding Sites

20 : The chimeric selectin cDNAs were subcloned into the
pMT-2 expression vector (Kaufman et al, J. Mol. Cell. Biol.

9:946-958 (1989)), and COS cells at ~50% confluency were
transiently transfected with 3 ug of the indicated cDNA by

the DEAE dextran method. One day after transfection, the COS

25 cells were replated at ~50% confluency onto 35 mm Petri
dishes (assay plates) (Becton-Dickinson, Lincoln Park, New

Jersey). The following day, HL-60 cells were washed twice

in cold RPMI 1640 media (Gibco, Grand 1Island, NY),
resuspended in RPMI 1640 at a final concentration of

30 3.3 x 10% cells ml, and 0.6 ml (2 x 10° cells) were added to
assay plates which had been washed twice with cold RPMI 1640

media. The plates were gently rocked for 20 min at 4°cC,

washed five times, and the number of HL-60 cells bound to

individual COS cells were counted on a minimum of 100 COS

35 cells. ' ' S
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_cell adhesion.- However, the lectin domain of P-selectin al one
.was not solely responsible for all HL-60 binding, because HL-60
cells also bound to COS cells expressing L2P, in which the
P-selectin lectin domain was replaced with that 30 of L-selectin.
The domain(s) wthin L2P responsible for HL-60 adhesion wer e
mapped using additional chineric selectins. Referring to Fig. 2b,
HL- 60 cells bound to COS cells expresstng L2P3L, , whi ch cont ai ns

only the EGF domain fromP-selectin, but did 35 not _bind to COS
cells expressing L3P, ®FSEH FEkIePkPRYEReattachment to HEV

The cDNAs encoding native L-selectin, L2P and L2P3L were
subcloned into the Bam HI site of the pZIPneoSV(X)
vector (Cepko et al, Cell 37:1053-1062 (1984)), and were used

5 to transfect the mouse pre-B cell 1line 300.19. stable.
transfectants were selected in medium containing
0.5-1.0 mg/ml G418.(geneticin; Sigma), and cells expressing
the proteins were  selected by panning with the
LAM1-3 mAb (Spertini et al, J. Immunol. 147:942-949 (1991)).

10 To generate P-selectin transfectants, the P-selectin cDNA in
the pMT-2 vector was cotransfected with the pSV2neo vector
containing the neomycin resistance marker. Rat lymph nodes
were obtained from freshly euthanized Lewis rats, snap frozen
in isopentane/liquid nitrogen, and stored at -=70°C in
15 isopentane until use. For the HEV assay, 5 x 10° of each
cell type were incubated on three 12 mm sections/ slide at
64 rpm for 25 min at ~4°C, the excess cells were gently
removed, and the slides were placed vertically in ice-cold
fixative (PBS/2.4% glutaraldehyde) overnight. The slides
20 were then counterstained with Gill’s hematoxylin, overlaid
with glycerol gelatin, and cover slips were applied. Each
slide was scored for the number of lymphocytes bound/HEV.
Between 100-200 HEV were counted for each experiment. Data
are presented as mean + standard deviation of lymphocytes

25 bound/HEV. ND, not determined.

Determination of neuraminidase sensitivity,
protease sensitivity and
Ca’* requirements for adhesion

COS cells were transfected with the indicated cDNA and

30 replated as described above. HL-60 cells were incubated in
RPMI 1640 medium at 37°C for two hours with either 0.25 U/ml
Clostridium perfringens neuraminidase (Type VI, Sigma, St.

Louis, MO), 50 mg/ml chymotrypsin or papain (Sigma), washed

twice, and the assay was performed as described in the Fig. 2

35 legend. Neuraminidase treatment of the HL-60 cells was
effective in eliminating all reactivity with the CSLEX1
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.-8- |l ectsin and EGF-1i ke domains of P-selectin but contains the
- P-sel ectin SCR domai ns. Furthernore, binding of HL-60 cells to
P3L, which contains both the lectin and EG- domains from

P-sel ectin, was approximately equivalent to that of native 5

P-selectin and significantly (P < 0.01; Student's T test) hi gher
than binding of cells to P2L, even though expr essi on . of P2L and
P3L were approxi mately equal. These dala 1?ndi cate that both the

l ectin and EGE-li do f P-sel contain |i di ng
sites capablaélt&f's:iﬁd ’ﬂ‘gﬁdgaﬁ % Hend redi 5% fi 8mﬁL9§3u?§I' Cg)cﬂwe%bllc#s
For st udy ohénagmﬂmcmahamgdsmuem |eitlﬁaelseq1g/m1 fGllmAb (a gift of Dr.

L-sel ectin/ E- sel | [ ' | t E

s the | ooB g ot Eeh (ERhE B FEY CRabRER CPISHSFLAGL (1900)) (4 )
i s the preciaseites dladd Icontiadninge the m3 mAb (Spewitind &8 akinb -
ag ds of L-gehReldin 147:84p- 34% plod g diluted 1-Iz€tfdl nTQ%@ta}mﬁﬁééﬁL is

the precise converse. Bi ndi ng  of HL-60 cells to

expressi ng EfEestc fnEcTe w?:??th the HL‘GQSM%B" B S ‘I‘f‘f"e“c%r?ﬁ?%cts

cont ai ni ng Gaished [e RPMI 1640 containing 2.5 mM EGTA, and this medium
was also used for the assay. No detachment of COS cells

occurred under these conditions. These results are
10 representative of at least four experiments.
Use

The adhesion of leukocytes to the endothelial wall of
blood vessels and their infiltration into the surrounding
tissues contributes to inflammation of tissue at the cellular

15 level. ©Normally, the infiltrating leukocytes phagocytize
invading organisms or dead or damaged cells. However, in
pathologic inflammation, infiltrating leukocytes can cause
serious and sometimes deadly damage. Leukocyte-mediated
inflammation is involved in a number of human clinical

20 manifestations, including the adult respiratory distress
syndrome, multi-organ failure and reperfusion injury.

Local administration of therapeutic agents antagonistic
to the function of the selectins can block competitively the
adhesive interactions between leukocytes and the endothelium

25 adjacent to an inflamed region. On a systemic level,
treatment of a patient in shock (e.g., from a serious injury)
with an antagonist to selectin function can result in the
reduction of leukocyte migration and adhesion and the
subsequent dramatic recovery of the patient.

30 Chimeric peptides or polypeptides combining 1ligand
binding portions from within-the lectin and EGF domains of
two different selectins can be used for therapeutic treatment
to interfere in the binding of leukocytes at the site of
inflammation. Referring to Fig. 7, the close homology among

35 the lectin and EGF domains of L-, P- and E-selectin can be
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.of a specific lectin dbnain exhi bited zero bindind, while the 20
-binding to chineras containing lectin and EGF domai ns from

different selectins was reduced by about a half. Therefore, t he
overall pattern of binding was simlar to the results W th

L-sel ecti n/ P-sel ectin chineras. Det erm nati on of the influence
of EGF-domai ns on the adhesive 25 - ﬁgctivity or specificity of the

| ectin donmai ns Adhesi on diated by P-sel ectin involves
sialic a ri r |y _pne¢luding the
sLe[err] seen, gggd%glr%r fﬂf&?rﬁc?&"ﬁ%h&%% w& ogs%&ﬁlgotlé eCtive

det er m nant ¥enes encodingr s&mr eand) Eesellesgmaucmlq.msgo¢t Zadu,etJal ,

J
~|]3i- Olce" 30 Biol ft@nﬁﬂ 26361524%%7 ?549123'29§Bhns%9.ree0glé‘i,, J.llgﬁ%ni 490

(1991): Pol ISAPR268: 21I3r86c (1 Pl)) A8 bhe game LﬁAté’@tsz’ﬂtbzzéyam-l gene
(B991); Lar sefivodlig} L-éelBetlin, Gibse126da Hd¥dinlltectI8iteric agents

Therefore, %Gi‘l.lefgggglsc %Ior%eué?ﬂgigr? etaar}:dgé%rfr;gea%ﬁan using a single
function antagonist. Therapeutic agents of the invention can
also be used to block platelet or platelet and mononuclear
cell aggregation, thus preventing throbus formation.

10 ' The therapeutic peptides or polypeptides can be composed
solely of the indicated portions of lectin'or EGF domains or
they can include portions of any of the remaining domains
(SCR,  transmembrane or <cytoplasmic), or the entire
extracellular portion of a generic selectin molecule. The

15 peptides or polypeptides also can be joined to a carrier
protein (e.g., a soluble portion of an immunoglobulin
molecule) to increase the serum half-life of the thérapeutic
agent. TImmunoglobulin chimera are easily purified through
standard immunochemistry procedures, including IgG-binding

20 protein A-Sepharose chromatography. The chimera have the
ability to form an immunoglobulin-like dimer with the
concomitant higher avidity and serum half-life.

cDNA sequences encoding the chimeric polypeptides can
be incorporated into replicable expression vectors and the

25 vectors transfected into an appropriate host to express the
encoded polypeptide. Stop codons can be incorporated into
the DNA sequences or any other chain termination method can
be used to prepare a soluble polypeptide. The expressed
polypeptide can be purified by ordinary techniques well known

30 to those of skill in the art, e.g., by affinity
chromatograhic methods.

Other agents can also be joined to the therapeutic
polypeptides to form a useful product. For example, the
ligand binding portions of the lectin and EGF domains of two

35 different selectins can. be combined with the toxic portion
of a cytotoxin to produce a fusion protein. In addition, the
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-9- - treatnent of HL-60 cells on binding to COS cells expressing
“either P-selectin, P3L, or P2L was exami ned. Renoval of
sialic acid residues fromHL-60 cells significantly (P< 0.01) but
i nconpl etely reduced adhesion of 5 HL-60 cells to COS cells
expressing native P-selectin or P3L (Fig. 3A). In contrast,
renoval of sialic acid residues from 21 - HL-60 cells nearly

conpl etely elininated adhesion of HL-60 cells to P2L (Fig. 3A).

I'n addition,g Rer ke 1 rigekectay/ Lse!l eghiBiegnstydict g E2L
was partiaH éggﬁgtegh% polypepti &y 8
chemotherapeutlc drug or drugs which could simultaneously

bind to cells expressing their respective 1ligands, to
< administer the drug to a site of tissue damage or
5 inflammation to treat, e.g., acute inflammation or
vasculitus. Such drugs may include, anti-inflammatory agents
or agents that provide regional relief from inflammatory
distress. Syndromes, diseases, and conditions that could be
treated by these agents would include, but not be limited to,
10 treating inflammation, microbial/parasitic infections, post-
reperfusion injury, leukemnia, lymphoma, vasculitis,
inhibition of the metastatic spread of tumor cells, organ
transplantation, or graft rejection. As is well known to
those of skill in the art, the fusion proteins can be
15 transcribed from a hybrid cDNA molecule, or the agent may be
covalently bonded to the chimeric polypeptide by routine
procedures.
One method of imaging the sites of inflammation in a
patient involves detecting the expression of the L-selectin
20 ligand on the inflamed endothelium. The method includes
administering to a patient a pharmaceutical composition
consisting of a detectable amount of a labeled ligand binding
fragment of L-selectin, alone or joined to a carrier protein,
including a ligand binding portion of a different selectin
25 ' receptor, in a pharmaceutically acceptable carrier.
Sufficient time is allowed for the labeled polypeptide to
localize at the site of L-selectin ligand expression, unbound
polypeptide is permitted to clear from healthy tissue in the
patient, and signal generated by the label is detected and
30 converted into an image of the site of inflammation. The
amount of labeled 1ligand binding fragment of L-selectin
preferably would be from 1 pg/Kkg to 10 ug/kg although higher
or lower doses are possible depending on the imaging agent
label used and the sensitivity of the detection method.
35 Some of the labels which can be detected externally from
within the body of a human patient include radionuclides,
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. 100 “pretreat ment of the HL-60 cells with CSLEXI mAb direct ed
-agai nst slLex. Similarly, pretreatnent of COS cells with mib
directed against t he | ectin domai n of P-selectin

significantly (P < 0.005), but only partially, inhibited the

adhesion of HL-60 cells to P-selectin or P3L, but abolished 15

adhesion to P2L (Fig. 3A). _ ,olreatnment of HL-60 cells with
ei ther chynotrypsin or papai n &% Wi nat ed >90% of bi ndi ng to COS

1 ! , 5. . U oLion
55 it EGTA Tadfopaque janelg CEh8pdtanssiier b fgnrdddd, K¥aalln@dfibedl
the 20 fox npor viree dimgnesiseahonlsbnpayei o haldsildfe Xonp oehengh

i ng_epenflent Iﬁyweﬂgﬁighs&ﬂhedEEE_céamianan ti?re?ﬁﬂﬁfé | & adla%@ilmum uptakep! ays
a I rec role | n_adnesi on, _.recogni zi n d proteln 1, na.

A sinilar BREERGE epguoh Ehal aiker dldangsis unyasted radidfign doesi Lo
adhesi on nedicit edehgihhdrnEGhe | patdentin cfoupling of R-==Hlomiclidexihesi on

of "L 80 ool 1o Cl | 5 08051 Me11 xnow LR PEe 85 2 80T cduged.

but not elimna anm ni treat nent o e HL-68"Cel I s
(Fig. 30 . NmAdhnacebdadgai W5tS. Pat. No.theOR6sBBEct ithe crdching®i of

present w t Ry 42P3bedli$foorporated by reference herein) and is often
accomplished either directly or indirectly using an

10 intermediary linking group. Examples of radioisotopes that
could be used for in vivo diagnosis are *Tc, 1, By, !Win,
Ru, Ycu, “ca, %*ca, ™As, ¥zZr, and 2'Ti. Paramagnetic
isotopes for purposes of in vivo diagnosis can also be used
according to the methods of this invention. Examples of

15 elements that are particularly useful for use in magnetic
resonance energy techniques include “cd, %Mn, '“py, S%cr, and
¥Fe. For radiopague imaging, the LAM-1 protein or ligand
binding fragment is coupled to an agent that produces an
opaque field at the site of inflammation upon X-ray imaging.

20 A 1ligand binding portion of the lectin or EGF-like
domains of various selectins can be experimentally determined
using this invention. 1In a typical procedure, fragments of
the selectin cDNA can be fused with cDNA encoding a carrier
protein, such as immunoglobulin heavy chain or another non-

25 ligand binding portion of a different selectin. These
chimeric proteins can be expressed on the cell surface, or
as soluble molecules, and their ability to bind ligand
assessed. Further segregated fragments of the lectin or EGF-
like domain under study can be examined for their ability to

30 bind ligands, as well as their ability to inhibit the binding
of the parent selectin molecule to ligand.

Any of the peptides or polypeptides of the invention
comprising lectin and EGF ligand binding portions from two
different selectin molecules (including portions of any of

35 the remaining domains (SCR, transmembrane or cytoplasic) of
al_____g_g_r}_g{__ic selectin molecule or including a carrier protein)
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30 5|gn|f|cantly (P < 0.01) inhibited adhesion. These results
-suggest that recognition of specific carbohydrate structures on
HL-60 cells by the lectin domain of L-selectin, which al one was
not sufficient for cell adhesion, contributes to | eukocyt e
adhesion in this systemwhen this interactior is 35 supported by the
adhesi ve activity nediated by the EG- dcrai o of P-selectin.
consistent with this hypothesis, rare

- 10 - can be used to screen for antagonists of lectin or EGF

function individually or for agents that can simultaneously
antagonize the functions of the lectin and EGF domain of
different selectins. This invention will allow the
5 development of pharmacologic reagents composed of peptides,
carbohydrate moieties, RNAs or other small molecules which
“-may mimic the ligand of the lectin or EGF domains of the
seleétins or may -mifiic the ligand-binding epitopes of the
respective selectin domains and thus be useful therapeutic
10 agents.

In another therapeutic method, chimeric selectin
polypeptides can be used in combination therapy with any
other selectin or any other cell surface molecule, or soluble
fragments thereof, involved in adhesion of leukocytes to-

15 endothelial surfaces. In addition, antagonists to any of the
above receptors or receptor portions (or mAb reactive to the
receptors or receptor portions) can be used in the above

' combinations or as independent antagonist combinations for
treatment of a patient. Examples include ICAM-1, VCAM-1,

20 VLA-4, CD18, CDlla, CD1lb and CD31, and the mAb reactive with
then.

The therapeutic agents may be administered orally,
topically, or parenterally, (e.qg., intranasally,
subcutaneously, intramuscularly, intravenously, or intra-

25 arterially) by routine methods in pharmaceutically accéptable

- inert carrier substances. Optimal dosage and modes of

administration can readiiy be determined by conventional
protocols.

The lyam-1 gene itself or portions thereof can be used

30 to construct chimeric selectins. Thhe gene can also be used
in genetic therapy. 1Individuals having a genetic defect in
the lyam-1 gene would be unable to produce a fully active L-
selectin leukocyte "homing" receptor and thus would be unable
to mobilize sufficient leukocytes to a site of inflammation.

35 Individuals suspected of having a congenital defect in the
lyam-1 gene could be screened for this genetic disorder using
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.(-1 plate) rosettes of HL-60 cells were occasionall y:-"observed on

-COS cells transfectted with L-selectin (data not shown), and a
soluble L-selectin/lgG fusion protein has a neasurabl e affinity
for purified, immbilized sLe[err] (Foxall et al, J. 5 Cell Biol.
117:895-902 (1992)). Adhesion . of HL-60 cells to L2P3L was
elimnated by EGIA, indicating that adbegjon nedi ated by the
EGF-li ke domain is also Ca[err]-dependent, and was significantly

(P < 0.01) re@usegubyicB &IPS Ud@FHdEInformation deEb8ibé&)  Trediment
Det er m nati on, of #he?elﬁf I,uggce of _EGF daonmi ns on_t he adhgsj ve

activity or %pifeg Kddpadsi v i fgen be possible uping; ddhhe o
det erm ne i flylalme1EQGene loxr dymentef thereof. selectins-have any influence
on the adhesive agtivi r . S Lfic f the lectin d L n
stabl e transfect g%tes%c??ﬁfg regu1att"t‘1"‘g§1 30 % Cr%}}r%;nn-g ;#eé’-eB gaé Ierlfliér)lergc.ed _
eRpressi ng BYsethet pppearance and>-desappearanep of |Lfstlewtin gonerthed.
These cell sgieFBce of a &58ELFIEONINIRGEPEe! Csd iy TRELEME &Y &k NGd e

standard in ] ‘e .
monitored to test the effects of drugs or specific therapies

that would alter gene expression.
While the present invention has been described in
10 conjunction with a preferred embodiment, one of ordinary
skill, after reading the foregoing specification, will be
able to effect various changes, substitutions of equivalents,
and other alterations to the compositions and methods set
forth herein. It is therefore intended that the protection
15 granted by Letters Patent hereon be limited only by the
definitions contained in the appended claims and equivalents
thereof.
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.vitro.frozen section assay (Stanmper Jr. et al, J. Exp. Med.

. 144:828-833 (1976)). Transfectants expressing P-selectin did 20 not
bind to HEV, whereas transfectants expressing L-selectin, L2P or
L2P3L bound to HEV equivalently and at high | evels (Table 1).
Table I. Adhesi on of cell lines to | ynph node HEV is medi at ed

by the lectin domain of L-selectin. -

SEQUENCE LISTING

(1) GENERAL INFORMATION:

(i) APPLICANT: Tedder, Thomas F.
Kansas, Geoffrey S.

5 {ii) TITLE OF INVENTION: CHIMERIC SELECTINS AS SIMULTANEOUS
BLOCKING AGENTS FOR COMPONENT SELECTIN FUNCTION

(iii) NUMBER OF SEQUENCES: 11

(iv) CORRESPONDENCE ADDRESS:
10 (A) ADDRESSEE: Weingarten, Schurgin, Gagnebin & Hayes
(B) STREET: Ten Post Office Square
(C) CITY: Boston
(D) STATE: MA
(E) COUNTRY: USA
15 (F) 2IP: 02109

(v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS~DOS
20 (D) SOFTWARE: PatentIn Release #1.0, Version #1.25

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER: US 08/008,459
(B) FILING DATE: 25-JAN-1993
(C) CLASSIFICATION:

25 (vii) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: US 07/983,606
(B) FILING DATE: 30-NOV-1992

{vii) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: US 07/862,483
30 (B) FILING DATE: 02~-APR-1992

(vii) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: US 07/770,608
{(B) FILING DATE: 03-0CT-1991

(vii) PRIOR APPLICATION DATA:
35 (A) APPLICATION NUMBER: US 07/737,092
(B) FILING DATE: 29-JUL-1991

(vii) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: US 07/730,503
{B) FILING DATE: 08-JUL-1991

40 (vii) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: US 07/700,773
(B) FILING DATE: 15-MAY-1991

{vii) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: US 07/313,109
45 (B) FILING DATE: 21-FEB-1989

{(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: Heine, Holliday C.
(B) REGISTRATION NUMBER: 34,346
{C) REFERENCE/DOCKET NUMBER: DFCI-318XX
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CDNA

5

0.02
L-sel ectin
0.42

<0.

01

3.71 +
0.43

<0.

10

15

20

25

30

35

40

01

-

LAML- 3 expt 1 expt 2 expt 3 - ;
none " 0.047 [err] 0.12 + <0.01
0. 025 + <0.01 ND

- 3.43 + 6.85 + 2.44 +
0. 45 0.51 + 0.05 +

Q2 - L2P
6. 64 + 4.40 + *0.26
0. 3(ix) TELECOMMUNICATION INFORMATION: 0.074 + ND

(A) TELEPHONE: (617) 582-3290
(B) TELEFAX: (617) 451-0313
(C) TELEX: 940675

(2) INFORMATION FOR SEQ ID NO:1:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 2330 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA
(iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO

(ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION: 53..1210

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:

GAATTCCCTT TGGGCAAGGA CCTGAGACCC TTGTGCTAAG TCAAGAGGCT CA ATG
Met
1

GGC TGC AGA AGA ACT AGA GAA GGA CCA AGC ARA GCC ATG ATA TTT CCA
Gly Cys Arg Arg Thr Arg Glu Gly Pro Ser Lys Ala Met Ile Phe Pro
10 15

TGG AAA TGT CAG AGC ACC CAG AGG GAC TTA TGG AAC ATC TTC AAG TTG
Trp Lys Cys Gln Ser Thr Gln Arg .Asp Leu Trp Asn Ile Phe Lys Leu
20 25 30

TGG GGG TGG ACA ATG CTC TGT TGT GAT TTC CTG GCA CAT CAT GGA ACC
Trp Gly Trp Thr Met Leu Cys Cys Asp Phe Leu Ala His His Gly Thr
35 40 45

GAC TGC TGG ACT TAC CAT TAT TCT GAA AAA CCC ATG AAC TGG CAA AGG
Asp Cys Trp Thr Tyr His Tyr Ser Glu Lys Pro Met Asn Trp Gln Arg
50 55 60 65

GCT AGA AGA TTC TGC CGA GAC AAT TAC ACA GAT TTA GTT GCC ATA CAA
Ala Arg Arg Phe Cys Arg Asp Asn Tyr Thr Asp Leu Val Ala Ile Gln
70 75 80

AAC ARG GCG GAA ATT GAG TAT CTG GAG AAG ACT CTG CCT TTC AGT CGT
Asn Lys Ala Glu Ile Glu Tyr Leu Glu Lys Thr Leu Pro Phe Ser Arg
85 90 95

TCT TAC TAC TGG ATA GGA ATC CGG AAG ATA GGA GGA ATA TGG ACG TGG
Ser Tyr Tyr Trp Ile Gly Ile Arg Lys Ile Gly Gly Ile Trp Thr Trp
100 105 110

GTG GGA ACC AAC ARAA TCT CTC ACT GAA GAA GCA GAG RAC TGG GGA GAT
Val Gly Thr Asn Lys Ser Leu Thr Glu Glu Ala Glu Asn Trp Gly Asp
11s 120 125
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L2P3L : . 5.71 + 6.85 + - 3.94 +

~0.33 0. 18 0.27 , o + 0.08 +
<0.01 0.03 . P-selectin -
<0.01 <0.01 ND 10

- 27 -

GGT GAG CCC AAC AAC AAG ARG AAC AAG GAG GAC TGC GTG GAG ATC TAT 487
Gly Glu Pro Asn Asn Lys Lys Asn Lys Glu Asp Cys Val Glu Ilé Tyr
130 135 140 145

ATC AAG AGA AAC AAA GAT GCA GGC AAA TGG AAC GAT GAC GCC TGC CAC 5§35
5 Ile Lys Arg Asn Lys Asp Ala Gly Lys Trp Asn Asp Asp Ala Cys His
: 150 15 160

AAA CTA AAG GCA GCC CTC TGT TAC ACA GCT TCT TGC CAG CCC TGG TCA 583
Lys Leu Lys Ala Ala Leu Cys Tyr Thr Ala Ser Cys Gln Pro Trp Ser
165 170 175

10 TGC AGT GGC CAT GGA GAAR TGT GTA GAA ATC ATC AAT AAT TAC ACC TGC 631
Cys Ser Gly His Gly Glu Cys Val Glu Ile Ile Asn Asn Tyr Thr Cys
180 185 190

AAC TGT GAT GTG GGG TAC TAT GGG CCC CAG TGT CAG TTT GTG ATT CAG 679
Asn Cys Asp Val Gly Tyr Tyr Gly Pro Gln Cys Gln Phe Val Ile Gln
15 ' 195 200 205

TGT GAG CCT TTG GAG GCC CCA GAG CTG GGT ACC ATG GAC TGT ACT CAC 727
Cys Glu Pro Leu Glu Ala Pro Glu Leu Gly Thr Met Asp Cys Thr His
210 215 220 225

CCT TTG GGA AAC TTC AAC TTC AAC TCA CAG TGT GCC TTC AGC TGC TCT 775
20 Pro Leu Gly Asn Phe Asn Phe Asn Ser Gln Cys Ala Phe Ser Cys Ser
230 235 240

GAA GGA ACA AAC TTA ACT GGG ATT GAA GAA ACC ACC TGT GAA CCA TTT 823
Glu Gly Thr Asn Leu Thr Gly Ile Glu Glu Thr Thr Cys Glu Pro Phe
245 250 255

25 GGA AAC TGG TCA TCT CCA GAA CCA ACC TGT CAA GTG ATT CAG TGT GAG 871
Gly Asn Trp Ser Ser Pro Glu Pro Thr Cys Gln Val Ile Gln Cys Glu
260 265 270

CCT CTA TCA GCA CCA GAT TTG GGG ATC ATG AAC TGT AGC CAT CCC CTG 919
Pro Leu Ser Ala Pro Asp Leu Gly Ile Met Asn Cys Ser His Pro Leu
30 ~ 275 - 280 285

GCC AGC TTC AGC TTT ACC TCT GCA TGT ACC TTC ATC TGC TCA GAA GGA 967
Ala Ser Phe Ser Phe Thr Ser Ala Cys Thr Phe Ile Cys Ser Glu Gly
290 295 300 305

ACT GAG TTA ATT GGG AAG AAG AAAR ACC ATT TGT GAA TCA TCT GGA ATC 1015
35 Thr Glu Leu Ile Gly Lys Lys Lys Thr Ile Cys Glu Ser Ser Gly Ile
310 315 320

TGG TCA AAT CCT AGT CCA ATA TGT CAA AAA TTG GAC AAA AGT TTC TCA 1063
Trp Ser Asn Pro Ser Pro Ile Cys Gln Lys Leu Asp Lys Ser Phe Ser
325 330 335

40 ATG ATT AAG GAG GGT GAT TAT AAC CCC CTC TTC ATT CCA GTG GCA GTC 1111
Met Ile Lys Glu Gly Asp Tyr Asn Pro Leu Phe Ile Pro Val Ala Val
340 345 350

ATG GTT ACT GCA TTC TCT GGG TTG GCA TTT ATC ATT TGG CTG GCA AGG 1159
Met Val Thr Ala Phe Ser Gly Leu Ala Phe Ile Ile Trp Leu Ala Arg
45 355 360 365

AGA TTA AAR ARA GGC AAG AAA TCC AAG AGA AGT ATG AAT GAC CCA TAT 1207
Arg Leu Lys Lys Gly Lys Lys Ser Lys Arg Ser Met Asn Asp Pro Tyr
370 375 380 385

This Sheet H

i



S O

. This is the replacenment sheet

10

15

20

25

30

35

- 28 -
TAAATCGCCC TTGGTGAAAG AAAATTCTTG GAATACTAAA AATCATGAGA TCCTTTAAAT
CCTTCCATGA AACGTTTTGT GTGGTGGCAC CTCCTACGTC AAACATGAAG TGTGTT'I_.‘CCT
TCAGTGCATC TGGGAAGATT TCTACCTGAC CRACAGTTCC TTCAGCTTCC ATTTCACCCC

TCATTTATCC CTCAACCCCC AGCCCACAGG TGTTTATACA GCTCAGCTTT TTGTCTTTTC

TGAGGAGAAA CAAATAAGAC CATAAAGGGA AAGGATTCAT GTGGRATATA AAGATGGCTG

ACTTTGCICT TTCTTGACTC TTGTTTTCAG TTTCAATTCA GTGCTGTACT TGATGACAGA
CACTTCTAAA TGAAGTGCAA ATTTGATACA TATGTGAATA TGGACTCAGT TTTCTTGCAG
ATCAAATTTé GCGTCGTCTT CTGTATACGT GGAGGTACAC TCTATGAAGT CAAAAGTCTA
CGCTCTCCTT TCTTTCTAAC TCCAGTGAAG TAATGGGGTC CTGCTCAAGT TGAAAGAGTC
CTATTTGCAC TGTAGCCTCG CCGTCTIGTGA ATTGGACCAT CCTATTTAAC TGGCTTCAGC
CTCCCCACCT TCTTCAGCCA CCTCTCTTTT TCAGTTGGCT GACTTCCACA CCTAGCATCT
CATGAGTGCC AAGCAAAAGG AGAGAAGAGA GAAATAGCCT GCGCTGTTTT TTAGTTTGGG
GGTTTTGCTG TTITCCTTTTA TGAGACCCAT TCCTATTTCT TATAGTCAAT GTTTCTTTTA
TCACGATATT ATTAGTAAGA ARACATCACT GAAATGCTAG CTGCAACTGA CATCTCTTTG
ATGTCATATG GAAGAGTTAA AACAGGTGGA GAAATTCCTT GATTCACAAT GAAATGCTCT
CCTTTCCCCT GCCCCCAGAC CTTTTATCCA CTTACCTAGA TTCTACATAT TCTTTAAATT
TCATCTCAGG CCTCCCTCAA CCCCACCACT TCTTTTATAA CTAGTCCTTT ACTAATCCAA
CCCATGATGA GCTCCTCTTC CTGGCTTCTT ACTGAAAGGT TACCCTGTAA CATGCAATTT

TGCATTTGAA TAAAGCCTGC TTTTTAAGTG TTAAAAAGAA TTC

(2) INFORMATION FOR SEQ ID NO:2:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 385 amino acids
{(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:

Met Gly Cys Arg Arg Thr Arg Glu Gly Pro Ser Lys Ala Met Ile Phe
1 10 15

Pro Trp Lys Cys Gln Ser Thr Gln Arg Asp Leu Trp Asn Ile Phe Lys
20 25 30

Leu Trp Gly Trp Thr Met Leu Cys Cys Asp Phe Leu Ala His His Gly
35 40 45

Thr Asp Cys Trp Thr Tyr His Tyr Ser Glu Lys Pro Met Asn Trp Gln
50 .55 60

Arg Ala Arg Arg Phe Cys Arg Asp Asn Tyr Thr Asp Leu Val Ala Ile
65 70 75 80
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specificities of both of the parent selectins

donmi ns of P-sel ectin.

A~

H

The lectin domain of L-selectin alone-was therefore
. capabl e of nediating binding to HEV when attached to the:
and ot her
selectins can therefore bind to different types of 5
express ligand(s) for either

L-

or

P-sel ectin,

constructed. This acquisition of novel = 22 =
ecti

Ria

P-sel ectin can nedi ate cel

directly derdmgstemtlertIur Trp Ile Gly fimdEgoind Iiadipchbedée TP Thie |ectin

and EGF-1ike domains, 100

tEﬁiF: i kte_ dorl%ipnval Gly Thr akA I8! &LEL MGridR: 68 boRYETARen SR@CELY Ci ty - of
e lectin

Asp Gly
130

result of trgi
sel ectins reint

10

15

20

25

30

35

40

h
B

Tyr Ile

145

His Lys

Ser Cys

Cys Asn

Gln Cys
210

Bis Pro

225

Ser Glu

Phe Gly

Glu Pro

Leu Ala
290

Gly Thr

305

Ile Trp

Ser Met

Val Met

Arg Arg
370

Tyr
385

1y

e 0f
our

115donai n.

Glu
Lys
Leu
Ser
Cys
195
Glu
Leu
Gly
Asn
Leu
275
Ser
Glu
Ser
Ile
Val

355

Leu
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Arg
Lys
Gly
180
Asp
Pro
Gly
Thr
Trp
260
Ser
Phe
Leu
Asn
Lys
340

Thr
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Asn
Asn
Ala
165
His
val
Leu
Asn
Asn
245
Ser
Ala
Ser
Ile
Pro
325
Glu

Ala
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T{:b Leu Glu
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adhesi on.

and t héPa

120

Asn Lys Lys

Lys
150
Ala
Gly
Gly
Glu
Phe
230
Leu
Ser
Pro
Phe
Gly
310
Ser
Gly

Phe

Gly

135

Asp
Leu
Glu
Tyr
Ala
215
Asn
Thr
Pro
Asp
Thr
295
Lys
Pro
Asp

Ser

Lys
375

Ala
Cys
Cys
Tyr
200
Pro
Phe
Gly
Glu
Leu
280
Ser
Lys
Ile
Tyr
Gly

360

Lys

Asn
Gly
Tyr
Val
185
Gly
Glu
Asn
Ile
Pro
265
Gly
Ala
Lys
Cys
Asn
345
Leu

Ser

fore argue agaﬁ

Lys
Lys
Thr
170
Glu
Pro
Leu
Ser
Glu
250
Thr
Ile
Cys
Thr
Gln
330
Pro

Ala

Lys

The L2P and L2P3L

In addition,

125 -

Glu Asp Cys

Txp
155
Ala
Ile
Gln
Gly
Gln
235
Glu
Cys
Met
Thr
Ile
315
Lys
Leu

Phe

Arg

140

Asn
Ser
Ile
Cys
Thr
220
Cys
Thr
Gln
Asn
Phe
300
Cys
Leu
Phe
Ile

Ser
380

Asp
Cys
Asn
Gln
205
Met
Ala
Thr
val
Cys
285
Ile
Glu
Asp
Ile
Ile

365

Met
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Gln
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190
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Cys
Ile
270
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Lys
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Trp
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Gln
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Ser
Ser
335
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Trp
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Structure of the L-sel ectin gene

—

As di scl osed

in US. Patent

4a, 4b

- Application Ser. No. 07/ 983, 606 cDNA encodi ng L-sel ectin has
been cl oned and the sequence determ ned, as shown in Figs.

and 4c (SEQ ID 20 NO 1). The cDNA encodes a protein of 372 am no
aci ds (SEQ ID NO 2). The structure of the lyam1l
gene, which encodes the LAM 1 protein, was determ ned by

i sol ati ng overl appi ng genonic

. cl ones that hybridized with a

LAM-1 cDNA p(z‘?bﬁcrogﬂf‘:@roa sEg. pl¥8Mm.l gene spans greater than 30 kb of

DNA and

single

IS co
LAM 1 nmRNA was

nposed

(i) SEQUENC
i ni

i th
cantain transl ated séégu@

transl ati on |n|t|at|m1)crodmmyselsm g 14 shown in Fig. 2;

11
15-41,;

grow h factor-1|ike domain,

of

it

(SEQ I D NO 4) encodes the | eader
exon |V FSRQPHFNEE BFEe RS PREC) ect i n-

resi dues 42- l7@llqugﬁpdénﬁ§EQLL[hd\lQ 6) encodes
resi dues 171-206; 35

at |l east 10 exons. The 5
I TICWBr ext ensi on anal ysi s,
PaiEhscription.

pepti de donai n,

exons

Exons
: nu e.'LC Ei SEQ I D NO 3) encodes 30

end of the
revealing a
Il through X
t he
exon
resi dues
i ke domain,

t he epi der nal

VI (SEQ I D NO

7) and VI1 (SEQHD MEFI-SFISHicEE® t he

10 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:
AGAGAGCTGT TATAAAGATT ARACAATATA ATAAATATGG CGCGTGAGCT TCAGAGTTTT 60
TGTTGTTGTT ATTATTATTT TCCTAARAAT GCAAATCTGA TTTGCATTTG ACTCATTGAC 120
TCACATCAGT GGGTCTTCCT TTTTATTGTC CTTCATCATA TGGGTCCTAA TTTCACATGC 180
AGTCTTATAA AACCATCTCA TTTTATAGTC CAAGAATATT AAAGGTACTT GTAGGCTCCC 240

15 ARACCTACAC GGTGAAAAGC TAGAGAGCAT GGGCTCTCTT CAGGGGTTAA CTTCAGGAAG 300
TGCCACTAAC AAGGACGTCC ACTAGGTGGT GAGCAAGGAA AGACGGAGGT GAAGGAACCG 360
ARACGAGTCA AGTCCACTGC TTAGCTCTAC TGAAGTTTTG CAAACATCAT ARATATGTCT 420
GAAATGCAGT TTTGATTTGT AGTATTTGCA ATTTCCAAGG GCCATTTACC ACAGGTAGCC 480
AAGAGTTAGT TTAGCATTTA TGAAAAAGAT AGGGGAGGGT GGTGGTTAAG AAGGAGGTGG 540

20 AGGAGAGAGT GAAGGAGGAA GAGGAGAACA AGAACCAAAC AAAAACAAGA ACARGAACAA 600
GTAGAAGAAG AGGAGCAGGG AGGARARAGA AGAGGAAGAA GAACAGCAAC AACAATGAGT 660
GRAGGAGGAG GAGGGTAAGG AAAGATGCAT AGGAGAATGG AAGGAAGGAT AGABAGGAGG 720
GAAGGAAGAG AGAATCTAGT CACATTACTT TCTGATCAGC AGTTCATTTT TGTCTCAGTG 780
GGAGGCRATA GAGGCCAGTC TAGGAAAGGG GTGGGGAAAG AGGAAAGAGA AGTGCAGGAG 840

25 GAAGGGGAGG CCCAAGGGGA GGAGGAGGAG GATGTGAGAC TGGGTTAGAG AAATGAAAGA 900
ARGCAAGGCT TTCTGTTGAC ATTCAGTGCA GTCTACCTGC AGCACAGCAC ACTCCCTTTG 960
GGCAAGGACC TGAGACCCTT GTGCTAAGTC ARGAGGCTCA ATGGGCTGCA GAAGAACTAG 1020
AGAAGGACCA AGCARAGCCA TGGTGAGCCT TTCAGCCTAA AAGACGTTTA GATGCTCAGA 1080
TAGARACTCT TGGGGTTGTA GAGGCAGGTG GCAAGGATAG GRATCACCCC ATTTCAATTC 1140

30 TGGTTTTAAA TAATATAGAA ACTARACATT TTCTCAGACC CTCAARARAA GT 1192
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.This is the replacenent sheet

-- 13 - short consensus repeat unit donalns resi dues 207-269
and 270-331; exon VIII (SEQ ID NO 9) encodes t he
transmenbr ane regi on, residues 332-373; exon I X (SEQ ID NO 10)
encodes seven am no acids containing a potential 5 phosphoryl ati on

site, residues 374-380; and exon X (SEQ;lD_

(2) INFORMATION FOR SEQ ID NO:4:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 363 base pairs
{B) TYPE: nucleic acid
5 (C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic) : .
(iii) HYPO_THETICAL: NO
(iv) ANTI-SENSE: NO
10 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:
CACTGAGACT AAGCGTAAAA TAAATAGAAC AAACAAACTG TGCATCAGTT CTGATGTAAA 60
TTTGAAGTAA TITTCATCTA TGTCTGAGAAR ACCTGITACC TCAGACAGGG TTAGTAGACA 120
TATGTGTTTT ATTCTGATTA TTAAGAAAGT TGTAAGCACC ACCTCAAAGG CTATAAATGT 180
GTGGTTTAAG GGTATACATC TAAATATAAT TTTGTATTTC ATTTGCAGAT ATTTCCATGG 240
15 ARATGTCAGA GCACCCAGAG GGACTTATGG AACATCTTCA AGTTGTGGGG GTGGACAATG 300
CTCTGTTGTG GTATGTTATG ATATTTATAT ATCACTAAGT CTATTTTACT TATATTCATT 360
TTT . 363
(2) INFORMATION FOR SEQ ID NO:S:
(i) SEQUENCE CHARACTERISTICS:
20 (A) LENGTH: 531 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
25 ' (iii) HYPOTHETICAL: NO
{(iv) BNTI-SENSE: NO
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:
CTGGAGTAGT GCTAGGTTCT TTTTAGCTGT AACATTATGT AAGTCTGCAT AGGTCACACT 60
GATGTCTTGC AGATTTCCTG GCACATCATG GAACCGACTG CTGGACTTAC CATTATTCTG 120
30 AAARRCCCAT GAACTGGCAA AGGGCTAGAA GATTCTGCCG AGACAATTAC ACAGATTTAG 180
TTGCCATACA AAACAAGGCG GAAATTGAGT ATCTGGAGAA GACTCTGCCT TTCAGTCGTT 240
CTTACTACTG GATAGGAATC CGGAAGATAG GAGGAATATG GACGTGGGTG GGAACCAACA 300
AI_\TCTCTCAC TGAAGAAGCA GAGAACTGGG GAGATGGTGA GCCCAACAAC AAGAAGAACA 360

AGGARGGACTG CGTGGAGATC TATATCAAGA GAAACARARGA TGCAGGCAAA TGGAACGATG 420

35 ACGCCTGCCA CAAACTAAAG GCAGCCCTCT GTTACACAGG TAGGGAGTGA CAAGACGGCT 480
ATGCTGCCTC AGACTCAGGA AGGGCCACGG TTAAGAGAAT ACTCAGATTT A 5§31
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.NO 11) encodes the five remaining am no acids of the cytoplasmc
-tail and the long 3' untransl ated region. . The pLAM1 cDNA -
was | abeled with [err]P and used as a probe to isolate
hybri di zing DNAs from a human | eukocyte genonmic 10 DNA [ibrary.
Approximately 1 X 10[err] plagues were screened, and 13 pl aques
that hybridized wwth the cDNA probe were _ I dentified and isol at ed.
Seven of these clones were found =32 vp contain inserts with unique

N F esenting overl appi ng genom c
fragments sp eas 30 kb. These inserts, LAM17, -19,

- -20, -28, -35, -{ih, segUENCE CHARACTERI4TICcsuere further digested and subcl oned
i nto plasmids. (R) LENgFHij B33 bresinaicei on naps of these subcl ones were
negle and c@@b%ﬁﬁﬂ,ﬁ%ﬁ%ﬁﬁsgggel ntact inserts to determne their
correct |ocations (Fygs rofdroaie YiBkar , The correctness of the
restriction map was verified with Sout hern bl ot anal ysis. DNA
i-sol at ed from tWot)BMEERQULE | T¥#E: DNA (genomicB| and BJAB, and one T cell |ine,
HSB-2, was di 9¢$i8detforaerIcan: no COMPletion with Bam H, Bal 11, or Pvu Il,
si ze-fractionat ed, and transferred onto nitrocellul ose. This
filter was probéid)2BNTI-SENSE:WwNOh the LAM 1 cDNA clone, pLAMI. Al genomc
f{ggnents

restriction Q‘[ﬁ?‘ﬁ% ! R ng o WEPE
5

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:
AAAATTTTAG CCATATGATT TTTATGCTAT GAATTTACCA RATAAACCTT TCCTGATTAT 60
TTAAATCATC TCAGACM GGTTATCTAT GTCTAAAGAA ATGACTTTGA GTACTAAAAT 120
GTARTCACAT TAAAATATTT TTTTTCTGAC CTCCTTAAAG CTTCTTGCCA GCCCTGGTCA 180
TGCAGTGGCC ATGGAGAATG TGTAGAAATC ATCAATAATT ACACCTGCAA CTGTGATGTG 240
15 GGGTACTATG GGCCCCAGTG TCAGTTTGGT AAGTCTCTTT CCTTTCTTTG CTTCTTCTTA 300
GGTAAAGTCA CAGGAATCAT TATAGCTTAT CATGAAGCTG GTTGGAACAA AATGATACTA 360
GCCACTCTGA GAAATGGGAA GTTTTGATCA GAAAGCTCTG CTTTCACAAT ATTGTTACCT 420
TTCCGTAAAG ATTTCATAAG TCAGCATGAA GTTTCGATTC ACTTCTCAAC AAGTCTTTTT 480
GAGTACCACA AGAAGCACAG TGTTGGGATA AAGCTGTCAG GGTTACAATA AGGAATTAGC 540
20 ATGGTAGATT CCCGCTCTCA AGAAGCTCAC GATCTAATGA GCTTGTTAGA TTAATTAGAA 600
CTCTAAGGTC TGGRAGAAAC TATGCCATTT ATCATTAGGA GGCTGAGTTA CCCAGAAAGT 660
ATCTTGCTTT TTCCTTCTAG TAGTTCCTTIT CCTTCTTGCA GTTCTCCACA CTTAACACAT 720
GTGCTCTGTA GCACACTGAC TTTGCTGGTG GCCTTCTCTC TCATTTTGCA CATGGCCAAA 730
AAACATGTCA TCTTTAAGAC ATTGTTCAAA GACAGTTTCT TCTAGGAAGC TT 832
25 (2) INFORMATION FOR SEQ ID NO:7:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 712 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
30 (D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:
35 CTCTGATGTG ATAGTTATTT CCCGACTAARG CTGGTCATTC CCAGTTACAC CTATTTGGCT 60

TTAAGGATTC TCACTACAGA TAATAC':['GAA GATAATAATA TGAAGACTAG CTAATGTTTA 120

CTTAGRATTT CTGATGAGTC AGGCTTTGTT CTAACGTCCT TGACTTATGC TAATTGAATT 180
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deri ved from endonucl ease di gested DNA hybridi zed mnth cDNA ] pr obe

“to generate hybridi zi ng bands of the appropriate size. The
pLAM 1 cDNA cl one encodes an 85-bp 5' untransl ated region. An

ol i gonucl eoti de honol ogous with the 5 sequence 30 of the pLAM 1
cDNA was used as a probe for priner extension anal ysis. This

ol i gonucl eoti de was hybridized with poly (A+) RNA isol ated from
the human B cell |ine RAJI, the LAN$I - 33 - negative hunan B ceII l'ine

Namal wa, the nopuse pre-B ceII l'in nd veast

control.  CSAPFEAfE %TW\H?%@MG ATRAACRGPAT ﬁﬁggg CWCTT%%Téndl ﬁéo

the primer gatAXcaaal@P¢RAGERGe AGGGTTCAAG ITARBERICTR (1AARCCCHRR FEITOATNAl MEI300
ext ensi on product obtai ned
This is the GTEEFARSEREIRCCATISAR ATCCAGGCGT CAGTTCCTCT TAACTCTTCC CCATACTGTT 360

) TCTTTCCCTA TTGAAGTGAT TCAGTGTGAG CCTTTGGAGG CCCCAGAGCT GGGTACCATG 420°
5 GACTGTACTC ACCCTTTGGG AAACTTCAGC TTCAGCTCAC AGTGTGCCTT EAGCTGCTCT 480
GAAGGAACAA ACTTAACTGG GATTGAAGAA ACCACCTGTG GACCATTTGG AAACTGGTCA 540
TCTCCAGAAC CAACCTGTCA AGGTGAGTAA CTTCAGACTA GAGGTTTTGT CATGCAATCC 60_0
TGGGCTTACA GTCAGAACAT TCAGTAGAAG TTTGCTGAGA AGTCAAACTT AGGATCCTAA 660
TTTAACCTAA CTTTTGTTTA ACCTACTGTG ATGTTTCTCA AAGGACTTAT TC 712
io0 (2) INFORMATION FOR SEQ ID NO:8:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 451 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
15 (D) TOPOLOGY: linear
{(ii) MOLECULE TYPE: DNA (genomic)
{iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
(x1i) SEQUENCE DESCRIPTION: SEQ ID NO:8:
20 GAGGGTCACC TTAGCTAGGG CAGCAGCCTG GAGTAGCTAC TCCTCTCCCC ACAGCTTTCA 60
ATGCTTCC'I;T GCCTTCATCT CTCATTCACC ACCCACCATC ATTCTCAAGA AAATAAAGCC 120

TGGAAGCAAT ATCACAAGTA ATGTAGTCAG GCAGCTTTGG CTAAAAATCC AAAGCTCAAG 180

GGAGGGTCTC TACTCAGAARA TACTGTTTTG TCTTTTTTTT TTTTTCTTTT TCATTGAAGT 240
GATTCAGTGT GAGCCTCTAT CAGCACCAGA TTTGGGGATC ATGAACTGTA GCCATCCCCT 300
25 GGCCAGCTTC AGCTTTACCT CTGCATGTAC CTTCATCTGC TCAGAAGGAA CTGAGTTAAT 360
TGGGAAGAAG AAAACCATTT GTGAATCATC TGGAATCTGG TCAARATCCTA GTCCAATATG 420

TCARAAGTGAG TAAGTTTGTC CTGGAACTGA A 451
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usi ng- the human LAM 1 positive B cell line RNA was
126 nucl eoti des beyond the translation initiation site.
for

.- 14 -

- ext ended
There was a single cluster of transcription initiation sites
the yam| gene apparent in the reaction with RAJI RNA 5 t hat was
not found with the LAM1 negative Namal wa RNA, Several priner
extensi on products of size simlar to thgse of the human B cell
line RNA were obtained with nouse B cell34 = RNA. Therefore, nurine B

cell's may expl ef@oRih R Fg,geg%fsm NO: 9, that cross-hybridizes with the
ol i gonucl eoti de probe use No primer extension products were

obtained in the (y-ea%ﬁQUEWCHARACTERISTIGSmt rol reactions. The
reI ationship of the @) HRISTE fe’lgftg@ig%’sﬁfl ts to the
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
10 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:
TATCAGAACT AARGAAAGCTT GGGCTGCAGG TCGACTCTAG GTGCATTTTC AGGAACTCTA 60
TGAACCACAA ATCTGGGCAT TGAGATTCTG TAGGCATTAG ACTAGCAAGG CTGGTCAGTC 120
TTTGCCTATG CTGTAGACTC ATCAGGGGCC TTCCCATGCC AGTTTCCTCA TCTGTCAAAT 180
GGCATCATTT GGGCTACTAC TGGGAGATGT AAGGAGGARA AAAGTCAAAT ATCATGAGAT 240
15 AGACTAAGGA AATAATGCTG GTGGTCTCAT GCTATGTGCC TTACTGATTT CTCTTTCAGA 300
ATTGGACAAA AGTTTCTCAA TGATTAAGGA GGGTGATTAT AACCCCCTCT TCATTCCAGT 360
GGCAGTCATG GTTACTGCAT TCTCTGGGTT GGCATTTATC ATTTGGCTGG CAAGGAGATT 420
AAAAARAGGT ATGTGAGTIT AACTTCACAT GAAAAGAACA CAACTTTAAA GTGAAAAAGA 480
_ AAAAAAAAAG AAACCCACAG GAAATTAAAT GTGATAGATT CAACACAAGC AGGATGCCAA 540
20 GCTT 544
(2) INFORMATION FOR SEQ ID NO:10:
(i) SEQUENCE CHARACTERISTICS:
(2) LENGTH: 524 base pairs
(B) TYPE: nucleic acid
25 (C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
30 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:
TAGTTTACAG TATTAGCAGC TGTCCCTCAA GGAAGAATCT GCAGGTAGAT GAGATGCAGA 60
TTGGGTGGGA TAAACACTTG AATGACATAT TGGGTCTTGC CACCAGGCAA TTTAGCAATT 120
CTGTCTTCTT GAGTAGCACG GAGATGGAAT GGAACCTCAG GAGGCATCTG CATCAACATG 180
TCTGTTCTGT ATTAGTGTCT ACCACTGTTT ATTAAGCCAG TTCCTCAAAT CTCCTTTGAC 240
35 ACAGATAGGG TCCACCTAAC ARATACCTAA TATACTTCAA AAGACAGTTT TGAGAGTGGC 300
. AGTCTTCCTT CTCCCTTACT TGAAAAACTT TAAATTGTCT AATTTTTGCT AATGCCTTTT 360
This Sheet Hag )
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TCAGGCCTCC CTCAACCCCA CCACTTCTTT

. cloned LAM | exon of lyam1 isol ated was
-used to determ ne the nucl eoti de sequence of the exon 15 t hat
encodes the translation initiation AUG codon. This exon ends
imedi ately after the site that encodes the translation
initiation codon (Fig. 5) and overlaps precisely with the pLAM 1
cDNA sequence. The |length of the cDNA cl_one obtained . by Bowen et
al., J. Cell Biol. 109:421-427 (1989) agr3ées 20 preC| sely with the
primer ext e“ﬁé&@aﬁﬁ%%‘fﬁr’féﬁ%péﬁaﬁﬂhfc%cmﬁccr pﬂﬁ%’:’i‘t ceadd®VeVEy 15
nucl eoti des fore the en e sequence di verges
fromthe gensfTECCABUTINSGTGATT CATTCTCTAC Hcs‘u‘mmom:m‘oymm madTaGken 3' 480l i ce
acceptor sit gé\ S g, ence Therefore, it is nost i keI y
that this 15&}#‘8 ik &?AGTT?TTA grese & r FASFRPATEER exon upst ream of 52hi S
pot enti al (2) mromptomeon;lsze.m Tous: the prinmer-extension results
i ngi cate .. that exon | would nost |ikely be conposed of 15 or fewer
bade phtX §?§?E§E§G"H’m, u;cugrmgi-: s}; bp oligonucleotide honol ogous
with the 5 30 (B) TYEE e,sa@{ in the cDNA cl one of Bowen et
al., supra (butSTmDmNEs:ajeelukgleexon I, was used to probe the 10
kb of cl oné®) (BRLAFY: okingapn | | ; hovvever, speci fic hybridization
10 (ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:11:
ATAAGCATCA CTARAGAGCT TGTTAGGGGT GCAGAATCTC AGGCTCCACT CAGACCTACT 60
15 GARATCAGAGT CTGCATTTTA ACACCATCTC TGAGTGGTAA GGACATGAAA ATCTGAGAAG 120
TGCTGCTACT AGGGTTTGCT TACATTTIGTT CATCTTCAGA GGTTCCTAAA GCCTGGCCTC 180
TTGTCTGAGA TTTCCAGCTG AAAGCATTTC CTTGCTCCTC TTCTCATCTC TAATGAATAT 240
TTACCTTTAC TACTAACACT CCAAGTTTTG CAATTTTTAA ACTCTTATTA TCTTTTGTTT 300
TTCTTTCAGT ATGAATGACC CATATTAAAT CGCCCTTGGT GAAAGAAAAT TCTTGGAATA 360
20 CTARAAATCA TGAGATCCTT TARATCCTTC CATGAAACGT TTTGTGTGGT GGCACCTCCT 420
ACGTCARACR TGAAGTGTGT TTCCTTCAGT GCATCTGGGA AGATTTCTAC CTGACCRACA 480
GTTCCTTCAG CTTCCATTTC ACCCCTCATT TATCCCTCAA CCCCCAGCCC ACAGGTGTTT 540
ATACAGCTCA GCTTTTTGTC TTTTCTGAGG AGARACAAAT AAGACCATAA AGGGAAAGGA 600
TTCATGTGGA ATATAAAGAT GGCTGACTIT GCTCTTTCTT GACTCTTGTT TTCAGTTTCA 660
25 ATTCAGTGCT GTACTTGATG ACAGACACTT CTAAATGAAG TGCAAATTTG ATACATATGT 720
GAATATGGAC TCAGTTTTCT TGCAGATCAA ATTTCGCGTC GTCTTCTGTA TACGTGGAGG 780
TACACTCTAT GAAGTCAAAAR GTCTACGCTC TCCTTTCTTT CTAACTCCAG TGAAGTAATG 840
GGGTCCTGCT CARGTTGAAA GAGTCCTATT TGCACTGTAG CCTCGCCGTC TGTGAATTGG 900
ACCATCCTAT TTAACTGGCT TCAGCCTCCC CACCTTCTTC AGCCACCTCT CTTTTTCAGT 960
30 TGGCTGACTT CCACACCTAG CATCTCATGA GTGCCAAGCA AARGGAGAGA AGAGAGAAAT 1020
AGCCTGCGCT GTTTTTTAGT TTGGGGGTTT TGCTGTTTCC TTTTATGAGA CCCATTCCTA 1080
TTTCTTATAG TCAATGTTTC TTTTATCACG ATATTATTAG TAAGAAAACA TCACTGAAAT 1140
GCTAGCTGCA ACTGACATCT CTTTGATGTC ATATGGAAGA GTTAAAACAG GTGGAGAAAT 1200
TCCTTGATTC ACAATGAAAT GCTCTCCTTT CCCCTGCCCC CAGACCTTTT ATCCACTTAC 1260
35 _ CTRGATTCTA CATATTCTTT ARATTTCATC 1320



. was .not detected by Solit hern bl ot anal ysi s. Undet the
~condi tions necessary for hybri di zati on of this 35
ol i gonucl eotide, significant cross-hybridization occurred

-15- with [err]-DNA, nmaking it difficult to use this

ol i gonucl eoti de to isolate the first exon froma [err]-based
genom c |ibrary. These resyil ts suggest that the exon which
encodes the translation initiation site is the second exon of the
lyam 1 TATAACTAGT CCTTTACTAAR TCCAACCCAT GATGAGCTCC TCTTCCTGGC TTCTTACTGA 1380

ARGGTTACCC TGTRACATGC AATTITGCAT TTGAATAAAG CCTGCTTTTT AAGTGTTAAC 1440
TAGTTTGCCT AGTTTGTTAT TTTGAAAATT GATCATATGT TTTGTTTTCT CCCCAGTGAG 1500
- TTACATGCTC CTTCAGGGCA GAGTTTGTGT CAGATCCCTG GAGTATCTAG TGCATTACTT 1560
5 GACACTCAAT AAATGAATGT TCAAATAAAT CAGAAAGAGC ATACAGTGCA CTGCTGATAT 1620
AAGTTTCAGC ATCCCTCTTT CTCTATGGCA TCTGATGACC TGGGTCAGAT ATCACCTAAT 1680

GTCAACAGCT GAATTC 1696
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5 gene (Fig. 4C) Consi st ent mﬁth this, the 900 bp upStream--

_of exon Il did not contain any apparent "TATA" or
sequences frequently found in pronoter regions of eukaryH"’mm'""'”""””m
genes (Fig. 5). Therefore, it 1is likely that
transcription initiation region and exon | are further than 10 10 kb
upstream fromexon Il of the lyam| gene. S1 nucl ease protection
anal ysis was carried out using the 5 redfon of exon Il as'a
| abel ed probe for hybridization with peéglﬁﬁg) RNA from RAJI,
Namal wa, and A20 cells. Two nRNA speci e protected in the
RAJI nmRNA, whi | eWhatSispicdiadmedorissas 15 pI’OVI ded by the other
The length qf thesgfRa@MER¥Inm1 1igand pRE AP P iHd flicﬂdcﬁ 'a'
splicing at the two pot enti al splrce’sites ate thin

t he potenti al a 11gandsBPP@&“SCEBEF&P“S?Pgnﬁhwbﬁ%hnI?heI$GFS§QWQ%QﬁQﬁe
l'i kel y that p-selectin @ transcription |n|t|at|on reglon has not been -
identified. 20

conpari son a llggpdtﬁénaégﬁr 8F|8§ne%?§ %h l%f ?mi{ﬁgiﬁgg?qﬁ

and the of L-selleMin.cDNA. In cases where this method did not provide

definitive results, subcloned DNA fragnents were di gested wth
sel ected restriction enzymes, el ectrophoresed through | L
2. A bifunctional ligand binding polypeptide comprising

a ligand binding portion found within the EGF domain of
E-selectin and

a ligand binding portion found within the lectin domain .
of L-selectin.

3. A bifunctional ligand binding polypeptide comprising

a ligand binding portion found within the EGF domain of
P-selectin and

a ligand binding portion found within the lectin domain
of E-selectin.

4. A bifunctional ligand binding polypeptide comprising

a ligand binding portion found within the EGF domain of
E-selectin and

a ligand bindiné portion found within the lectin domain
of P-selectin.

5. The polypeptide of claim 1 wherein

the ligand binding portion found within the EGF domain
of P-selectin is the entire EGF domain of P-selectin and
wherein

the ligand binding portion found within the lectin
domain of L-selectin is the entire lectin domain of L-
selectin.
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25 . agarose gels, and transferred to nitrocellul ose.” "Fragnents
.contai ning exons were identified by Southern blot analysis

| abel ed cDNA or oligonucl eoti de probes. The exon that “IIIIJ”IHHIMHHEHW&
3" untransl ated region of the LAMI cDNA was not €0

the 30 kb of isolated DNA fragnents. 30 Therefore, a | abeled 0.9-kb
Dra | fragnment containing nost f the 3" untranslated regi on of
the pLAM1 cDNA was used as 5 obe to identify a honol ogous
3.2-kb fraggent g e&j%tl%eptlde of c@éﬁ@@'vﬁie’f&? Rl digestion of genonic
DNA. Eco RI-di gested fragnents of this size were used

to nake a 35 the Jdgeng b[lé‘tdrl]ngglﬂqrt@(%brﬁwf}q pridhin e BGEE sanain

3.2-kb Eco Bf E-selectin is the entire EGF domain of E-selectin and -
wherein
the ligand binding portion found within the lectin
domain of L-selectin is the entire lectin domain of L-
selectin.

7. The polypeptide of claim 3 wherein

the ligand binding portion found within the EGF domain
of P-selectin is the entire EGF domain of P-selectin and
wherein

the 1ligand binding portion found within the 1lectin
domain of E-selectin is the entire 1lectin domain of E-
selectin.

8. The polypeptide of claim 4 wherein

the ligand binding portion found within the EGF domain
of E-selectin is the entire EGF domain of E-selectin and
wherein _

the 1ligand binding portion found within the lectin
domain of P-selectin is the entire lectin domain of P-
selectin. )

9. The polypeptide of any one of claims 1-4 further
comprising a selectin SCR domain and a selectin transmembrane
domain.

10. The polypeptide of any one of claims 1-4 further
comprising a

carrier region/joined to a carrier protein.

11. The polypeptide of claim 10 wherein said carrier protein
comprises an immunoglobulin heavy chain constant region.
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.- 16 - N fragnent was cloned. This 3.2-kb fraﬂrent di d not’ “overl ap

-with the previously isol ated genom c DNAs. r‘ Mmmmﬂﬂm \AAI ch

boundari es of the exons were determ ned by
anal ysis. Fromthis analysis, nine exons. 5 - were idehtified

make up the entire pLAM 1 cDNA Exon Il encodes the translation
initiation codon, and exon || encodes the |eader domain of the
LAM 1 protein (Fig. 5). Each of’the lectin- | i ke, epidermal gromﬂh

factor- 15, ayld gs%yf,éaemr@fm%na% YhRre 00088 A AL LOC T LIURY D

was 10 a.separate_exon e smal est exon
in | ength aﬁ&mﬁﬁ}séﬁcﬁﬂﬁ'&lgﬁﬁﬁdiwd%@i R igNf o5harsekacin molecule.
cassette. The last 5 am no acids of the LAM1 protein and the 3

untranslate reg l,ch.includes t.he pol attachnent site,
‘AATAAA,‘are Aco egNghlgg&ﬁti SECORART | ﬁé}Qpeptld%Hﬁfm3§ SPY ni ne exons
whi ch encode pLAh$llqené bphdingnporbion found withiimsthe) EGF dxamein aficept
the junctiop_RgtueResnexaRs !
a ligand binding portion found within the lectin domain
of L-selectin.

14. A DNA isolate encoding a polypeptide comprising

a ligand binding portion found within the EGF domain of
E-selectin and

a ligand binding portion found within the lectin domain
of L-selectin.

15. A DNA isolate encoding a polypeptide comprising

a ligand binding portion'found within the EGF domain of
P-selectin and

a ligand binding portion found within the lectin domain
of E-selectin.

16. A DNA isolate encoding a polypeptide comprising

a ligand binding portion found within the EGF domain of
E-selectin and

a ligand binding portion found within the lectin domain
of P-selectin.

17. A DNA isolate able to hybridize under stringent
conditions to the complement of a sequence comprising

the exon encoding the EGF domain of P-selectin and

the exon encoding the lectin domain of L-selectin.

18. A DNA isolate able to hybridize under stringent
conditions to the complement of a sequence comprising

the exon encoding the EGF domain of E-selectin and

the exon encoding the lectin domain of L-selectin.
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.and Ill. In each Ii_-nstance, th'e consensus sequences bf 5 T - donek
Nic cot i de sequence pol yhor phi s vi thi n-the codi ng. 20 / /"/"IWWI Lidill
s *

observed between the genonmi c cl ones containing exon & tu

encoded SCR | and the pLAM 1 clone at cDNA nucl eoti de positions
741 and 747 (Ato G, leading to a codi ng change from Asn to Ser
in both cases, and at positi on481% (A to G changing the Au to a
dy. 25 ' Experinmental Procedures

Construction of Chimeric Selectin cDNAs Four new restriction

endonucl easé%-ecdgniDN2on isidlesecradle to hmei;dixhncemcmparsmeiax}gémto
t he pLAM 1 I [
p L Y W RIRE complement Qﬁa al é&%?éﬁ%uéc%?ng% I%’fﬁf

site-directed nutagenesis as 30
surroundi ng and ith8 &¥Fy shsading, the EGF donzin ek thvselestincander.e

synt hesi zed in bahe s EHMy the 1ectn@ﬂi¢:§£ﬂ$&:£illﬁ-9§é1é&1§m. PCR was
carried out using the new restriction site sense ollgonucleotlde

and an anti sense ol i gonucl eoti de anchor |ocated in the plasmd
near the 3' 26nd A DNA isolate able to hybridize under stringent

conditions to the complement of a sequence comprising
the exon encoding the EGF domain of E-selectin and
the exon encoding the lectin domain of P-selectin.

21. A pharmaceutical composition for use in treating the
polypeptide of any one of claims 1-4 in a pharmaceutically
acceptable carrier substance.

22. The pharmaceutical composition of leukocyte-mobilizing
claim 21 wherein said condition is tissue damage or an
autoimmune disorder.

23. The pharmaceutical composition of leukocyte-mobilizing
claim 21 wherein said condition is a post-reperfusion injury.

24. The pharmaceutical composition of leukocyte-mobilizing
claim 21 wherein said condition is an organ or tissue
transplant recipient.

25. The pharmaceutical composition of leukocyte-mobilizing
claim 21 wherein said polypeptide is joined to a therapeutic
agent.

26. The pharmaceutical composition of leukocyte-mobilizing
claim 21 wherein said polypeptide is joined to a carrier
protein.
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35 of the cDNA. | n a separate reaction, the new restriction

site anti sense ollgonucleotlde pl us a sense ollgonucleotlﬂ'
- 17 - anchor fromthe plasmd 5 end were use ’I"”#,M m,ﬂm _
5' end of the LAM1 cDNA. The individual PCR prbducts. T :
~these two reactions were gel purified, subcloned into the pSP65
vector (Promega Biotec, Madison, W), digested with the 5

appropriate restriction enzynmes, and Ii gaf‘éd' together. The
27. The pharmaceutical composition of leukocyte-mobilizing
claim 25 wherein said therapeutic agent comprises a
chemotherapeutic drug or an anti-inflammatory agent.

28. The use of the polypeptide of any one of claims 1-4 to
identify a ligand or ligands that bind to said polypeptide.

29. The use of the polypeptide of any one of claims 1-4 to
screen for antagonists of selectin EGF domain function.

30. The use of the polypeptide of any one of claims 1-4 to
screen for simultaneous antagonists of the function of lectin
and EGF domains of different selectins.
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. hucl-eoti de changes meré as follows: (a) GAlerr] ATCC to GGATCC in

“the lectin domain, creating a BanH site, corresponding to anm no
acid nunber 53 in the mature protein (Fig. 2); (b) Alerr] TGCAG to
CTGCAG in the EGF donmain, creating a Pstl 10 site, corresponding to
am no acid nunber 127; (c) GAGH err](err]C to GAGCTC in the
first SCR domai n, creatlng a Sacl site, 42 - correspondi ng to am no
acid nunber 164; and (d) GICAAAlerr] to GICAAC in the second SCR
domain, creating a Hncll site, correspondi ng to anippe1a%iihxx
nunber 279. The fidelity of the 15 site-directed nutagenesis was
confirmed by restriction mappi ng and sequence- anal ysis of the

cDNAs. Each of t|CHEMERIC SELECTINS AS SINULIANEOUD 'BLSOCRING ASENFADCGEM

E)oDxi EL%ESPnSt o?l Bi ndi ng gpge@%omogniﬁam&#ggﬁ%{hr&gﬂ c selectin cDNAs

wer e subcl oned into the pMI-2 expression vector (Kaufman et. al
J. Mol. Cell. Biol. 9: 946- 9584 ), and CCS cells at -50%
confluency were transiently ted with 3 [err]g of the

i ndi cat ed CDNE?B?rlC peptides or'polypeptldes that combine ligand binding
portions from within the lectin and EGF domains of two
different selectins are disclosed. The peptides or
polypeptides can be constructed solely of the indicated
portions of 1lectin or EGF domains or they can include
portions of any of the remaining domains (SCR, transmembrane
or cytoplasmic), or the entire extracellular portion, of a
generic selectin molecule. The peptides or polypeptides also
can be joined to a carrier protein (e.g., a soluble portion
of an immunoglobulin molecule) to increase the serum half-
life of the therapeutic agent. The chimeric polypeptides can
be used as therapeutic agents to antagonize selectin
function. They are also useful for screening for agents that
are simultaneously antagonists of the function of lectin and
EGF domains of different selectins.
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t he, DEAE dextran net hod.. One day after transfectlon t he COSZS

.celis were repl ated at -50% confl uency onto 35 nn1Petri di shes
(assay plates) (Becton-Di ckinson, Lincoln Park, New Jersey). The
foll owi ng day, HL-60 cells were mash§¢1mmnce in cold RPM 1640
media (G bco, Gand Island, NY), resuspended in RPM 1640 at a
final concentration of 30 3.3 x 106 cells m, and 0.6 mM (2 x 106
cells) were added to assay plates which had been washed tw ce
with cold RPM 1640 media. The plates were gently rocked for 20
m n fat : & washed five ti r‘r@ and®t he nunber of HL-60 cells
bound & o @ ndi vidual OS5 cel®s wer® counted on a m ni mum of 100
cos 35 cells™

LAM1-14
(L SCR)
576
0
419
350
0
0
266

(llgﬂhﬁEQEl
374
0
68
0
0
1503
0

LAM1-3
525
0
0
0

uzighun (L lectin)

0

1712
839
714
19
0
0

1484
1779
363

Monoclonal antibody reactivity
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.- 18 - ) : Assay for |eukocyte attachnent to HEV.
- The cDNAs encodi ng native L-selectin, L2P and L2P3L were

subcloned into the Bam H si {384 of the pZl PneoSV(X) vect or
(Cepko et al, Cell 37:1053-1062 4)) and were used 5 {0 transfect
t he nouse pre-B cell |ine 300.19. St abl e transf ect S. were
sel ected I n medi um  cont ai ni ng 0.5-1.0 ng/M 4

(geneticin; Sigma), and cells expressing ~ the proteinsy Wwere

sel ected by panni ng W th t he LAML- 3 mAb ( SpetXd”ni et al,
J. Immunol . 147:942-949 (1991)). 10 To generate P-sel ectdn
transfectants, the P-selectin cDNA in the pMI-2 vector was

P-selectin

L.2P

P2L

This Sheet Has Been Replaced

MR




cell type were anubaﬁéd'on three 12 nm sections/ slide at 64 rpm

-for 25 mn at -4[err]C, the excess cells were gently renoved, and
the slides were placed vertically'3414ce-cold fixative (PBS/2.4%
gl ut ar al dehyde) overni ght. The slides 20 were then counterstained
with GII's hematoxylin, overlaid with glycerol gelatin, and
cover slips were applied. Each slide was scored for the nunber of
| ynphocyt es bound/ HEV. Bet ween 100- 200 HEV were counted for each
experinment. Data are presented as nean + standard devi ation of
| ynphocytes 25 bound/ HEV. ND, not determ ned.

Det erm nation of neuram ni dase sensitivity,

protease sensitivity and Calerr] requirements for
adhesi on CCS cells were transfected with the indicated cDNA
and 30 repl ated as described above. HL-60 cells were incubated i'n -
RPM 1640 nmedi um at 370C for two hours with either 0.25 Um - .

Cl ostridium perfringens neuram ni dase (Type VI, Signma, St. ~ Louis,

MD), 50 mg/m chynotrypsin or papain (Sigm), washed

P2L. P3l.  1.2P  13Pr 1.2P31

Fig. 2B
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. twice, and the assay was .perforned as described in the Fig. 2 35

- | egend. Neur am ni dase treatnment of the HL-60:cells was

effective in elimnating all react i4v/1tly with the CSLEX1

This is the replacenent sheet

- 19 - anti-sLe[err] mAb (data not shown). |In some groups, COS
cells

P21,

neuraminidase
I mADb

untreated

|
A
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-
¥

P3L
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wer e prei ncubat ed with either 5.pg/mM GlL mAb (a gi'ft of Dr. R P.

-McEver) (Geng et al, Nature 343:757-760 (1990)), or: ascites
fluid containing the LAML-3 nmAb (Sgg%i% et al, J. 5 | munol .
147:942-949 (1991)) diluted 1:200 eterm ne the ef fect of
EGTA, both the HL-60 cells and the COS cells were washed i n RPM
1640 containing 2.5 mM EGTA, and this nedi um was al so used for
the assay. No detachnent of COCS cells occurred under these
condi tions. These results are 10 representative of at |east
four experinents. Use The adhesi on of | eukocytes
to the endothelial wall of bl ood vessels and their infiltration
i nto the surrounding ti ssues contributes to inflammtion of

.tissue at the cellular 15 | evel . Normal Iy, the infiltrating
| eukocytes phagocyti ze i nvadi ng organi sns or dead or dammged -
cells. However, in : pat hol ogic inflanmation, infiltrating
| eukocyt es can cause serious and sonetinmes deadly damage.
Leukocyt e- nedi at ed i nflammation is involved in a nunber of hunman
clinical

P21,

untreated
papain

] 25 mM EGTA

OO chymotrypsin

Fig. 3B
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20 mani f estati ons, including:the adult resplratory di stress

. syndrone, nulti-organ fallure and reperfusion injury. -Local
adm ni stration of therapeutic agesfb4antagonistic to the function
of the selectins can bl ock conpetitively the adhesi ve

I nteractions between | eukocytes and the endot helium 25 adj acent to
an i nflaned region. On a systemc |evel, treatnent of a patient
in shock (e.g., froma serious injury) -wWith an antagonist to
selectin function can result in the reduction of |eukocyte

m gration and adhesi on and the subsequent dramatic recovery of
the patient. 30 Chimeric peptides or polypeptides conbining
| i gand bi ndi ng portions fromw thin the | ectin and EG- domai ns of
two different selectins can be used for therapeutic treatnent _ to
interfere in the binding of | eukocytes at the site of ' o
inflammation. Referring to Fig. 7, the close honol ogy anong 35 t he

| ectin and EGF domains of L-, P- and E-selectin can be
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- 20 - seen, and the intron/exon organization of the respective

-genes encoding P- and E-selectin (Collins et al., J. Bi ol . Chem
266: 2466 (1991); Johnston et al., ﬁ/lgﬁol. Chem 265: 21381 (1990))
is the sane as that of the lyam1l gene 5 encodi ng L-selectin,

di scl osed herein. These chineric agents will offer nore efficient
targeting than using a single function antagoni st. Therapeutic
agents of the invention can al so be used to block platelet or

pl atel et and nononucl ear cell aggregation, thus preventing

t hrobus formation. 10 The therapeutic peptides or pol ypeptides
can be conposed solely of the indicated portions of lectin or EGF
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t hey can include portlons of any of the renalnlng domai ns
cytopl asm c),

-t ransnenbr ane
portion of a generic selectin nol

pol ypepti des al so can be joined t

or

or

t he

enti

The 15

sol ubl e portion of an inmunogl obulin
serum hal f - [Li00e -of the therapeutlc

are easi

_includi

chi mera
with th
cDNA se
I ncor po
transfe
pol ypepti

sequenceg or

in the wartN eDg.,D byA afCinifly K L
TGG AAC GAT GAC GCC TGC CAC AAA CTA AAG GCA GCC CTC TGT TAC
170 ' 180

T A ) c Q P W S o S G H G
ACA GCT TCT TGC CAG CCC TGG TCA TGC AGT GGC CAT GGA 598

190 _

E C v E I I N N Y T CcC N C 1D v
GAA TGT GTA GAA ATC ATC AAT |AAT TAC ACCITGC AAC TGT GAT GIG
200 210

G Y Y G I3 Q C Q F v I Q C
GGG TAC TAT GGG CCC CAG TGT CAG TTIT GIG ATT CAG TGT 682

220

E P L E A P E L G T M D c T H

GAG CCT TTG GAG GCC CCA GAG CTG GGT ACC ATG GAC TGT ACT CAC
230

P L G N F N F N S Q C A F

CCT TTG GGA AAC TTC AAC TTC AAC TCA CAG TGT GCC TTC 766
240 250

S c S £ G T N L T| G 1 E E T T

AGC TGC TCT GAA GG ACA |AAC TTA ACTI GGG ATT GAA GAA ACC AcCC
260

C E P F G N W S S P E P T

TGT GAA CCA TTT GGAAAC TGG TCAITCT CCA GAA CCA ACC 850
270 280

C Q v I Q o E P L S A P D L G

TGT CAA GTG ATT CAG TGT GAG CCT CTA TCA GCA CCA GAT TIG GGG
290

I M N c S H P L A S F S F

ATC ATG|AAC TGT AGCI CAT CCC CTIG GCC AGC TTC AGC TTT 934
300 _

T S A o T F I c S E G T E L I
ACC TCT GCA TGT ACC TTC ATC TGC TCA GAA GGA ACT GAG TTA ATT
310 320

G K K K T I C E S S G I W
GGG AAG AAG AAA ACC ATT TGT GAA TCA TCT GGA ATC TGG 1018

330

S |{N P S P I o Q K L D K § F S

TCA|AAT CCT AGT|CCA ATA TGT CAA AAA TTG GAC AAA AGT TTIC TCA
340 350

M I K E G D Y N P L F 1 P

ATG ATT AAG GAG GGT GAT TAT AAC CCC CTC TTC ATT CCA 1102
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. pol ypeptides
| i gand bi ndi ng
di fferent selectins
of a cytotoxin to produce

- Other agents can also be joined to the therapeutic
to forma useful product. For exanple, the
portions of the lectin and EG- domagpgsof two 35
can be conbined with the toxic portion

a fusion protein. In addition, the
- 21 - sel ectin chineric pol ypeptides may be coupled to a

chenot herapeutic drug or drugs which could si btaneously bind to

cells expregsing thgir gespectipe klgapds,sto ¢ L
GTG_GCA GTC ATG GTT ACT GCA TTC TCT GGG TTG GCA TTT ATIC ATT

A F 1

v L A

370
R R

L X X

G X K

I

TGG CTG GCA AGG AGA TTA AAA AAA GGC AAG AAA TCC AAG 1186

380
R § M

N D

P Y *

AGA AGT ATG AAT GAC CCA TAT TAA ATCGCCCTTG GTGAAAGAAA

ATTCTTGGAA
GTTTTGTGTG
GTGCATCTGG
TCACCCCTCA

TACTAAAAAT
GTGGCACCTC
GAAGATTTCT
TTTATCCCTC

CAGCTTTTTC
GATTCATGTG
TTTTCAGTTT
AGTGCAAATT
AAATTTCGCG
AAGTCTACGC
CTCAAGTTGA
GGACCATCCT
CTCTTTITCA
CAAAAGGAGA
TTTGCTGTIT
TCTITTATCA
CAACTGACAT
ATTCCTTGAT
TTATCCACTT
CCCTCAACCC
ATGATGAGCT
GCAATTTTGC

TCTTITTICTGA
GAATATAAAG
CAATTCAGTG
TGATACATAT
TCGTCTTCTG
TCTCCTTTCT
AAGAGTCCTA
ATTTAACTGG
GTTGGCTGAC
GAAGAGAGAA
CCTTTTATGA
CGATATTATT
CTCTTTGATG
TCACAATGAA
ACCTAGATTC
CACCACTTCT
CCTCTTCCTG
ATTTGAATAA

CATGAGATCC

CTACGTCAAA .

ACCTGACCAA
AACCCCCAGC
GGAGAAACAA
ATGGCTCACT
CTGTACTIGA
GTGAATATGG
TATACGTCCA
TTCTAACTCC
TTTGCACTCT
CTTCAGCCTC
TTCCACACCT
ATAGCCTCCG
GACCCATTCC
AGTAAGAAAA
TCATATGGAA
ATGCTCTCCT
TACATATICT
TTTATAACTA
GCTTCTTACT
AGCCTGCTTT

TTTAAATCCT
CATGAAGTGT
GAGTTCCTTC
CCACAGGTCT
ATAACACCAT
TTGCTCTTIC
TGACAGACAC
ACTCAGTTTT
GGTACACTCT
AGTGAAGTAA
AGCCTCGCCG
CCCACCTTCT
AGCATCTCAT
CTGTTTTTTA
TATTTCTTAT
CATCACTGAA
GAGTTAAAAC
TTCCCCTGCC
TTAAATTTCA
GTCCTTTACT
GAAAGGTTAC
TTAAGTGTTA

TCCATGAAAC
GTITCCTICA
AGCTTCCAIT
TTATACAGCT
AAAGGGAAAG
TTGACTCTIG
TTCTAAATGA
CTTGCAGATC
ATGAAGTCAA
TGGGGTCCIG
TCTGTGAATT
TCAGCCACCT
GAGTGCCLAAG
GTTIGGGGGT
AGTCAATGIT
ATGCTAGCTG
AGGTGGAGAA
CCCAGACCTT
TCTCAGGCCT
AATCCAACCC
CCTGTAACAT

1280

1380

1480

1580

1680

1780

1880

1980

2080

2180

2280

AAAAgaatte 2330

FIG. 4C
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admnister the drug to a site of tissue damage or’5 ~inflammation to

treat, e.g., acute inflammtion or vascul i.tus. Such drugs may

i nclude, anti-inflammatory agents £?/14 or agents that provide regional
stress

relief frominflammuatory Syndr ones, diseases, and
conditions that could b& & treated by these agents woul d incl ude,

but not be limted to, gog treating inflanmation, mcrobial/parasitic
i nfections, post- 3 S reperfusion injury, | eukem a, | ynphong,
vasculitis, H bILI of the nmetastatic spread of tunor cells,
or gan tran %g? tatmem4 Y graft rejection. ; As is well known to
those of skill in th t|, the fugilon proteins can be % transcri bed
froma hybrid cDNA 2¢dle ort elagent may be - covalently .
bonded to the chi ner| c gl ypgRisi d¢ by routine pr ocedur es.
One net hod of |nag|nb thg sites of inflammation in a ) pati ent
invol ves detecting thg eqpresgi,onfof the L-seb 8t | i gand on the
i nfl amed endot hel i ym The net hod |nciudes 4 weg adnlnlsterlng to a
patient a pharnmacefft] 4al jconpositjon \ consijsting of a detectable
amount of a | abele ijgpnd bi agi ng \ - ™PHg of Q;selectln al one
or joined to a carrikenl priot erms —
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i ncludi-ng a |igand bihding portion of a different: sel ectin 25
. receptor,

carrier.

accept abl e

a pharmaceutically

I n
Sufficient time is allowed for tha fBbel ed pol ypeptide to

| ocalize at the site of L-selectin |igand expression,

anount
laced’

preferably woul d

| ower

een Rep

doses are
| abel s

used and the

unbound
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» 35 . ~ the remaini‘ng donains (SCR, transmenbrane or cytoplasic) of
‘a generic selectin nolecule or including a carrier protein)
This is the replacenent sheet 14/14
- 24 -
A. L in main )

* §
human-L: WTYHYSEKPMNWQRARRFCRDNYTDLVAIQNKAEIEYLEKTLPFSRSYYWIGIRKIGGIW
mouse-L: = ~-~------e-- EN--K--KQ---N-==-==-- Re===== N-=-=-K=-PY=--==e--- —-=RM-

rat-L: = ------- RS---EN-~KF-KH-~=~--com== R-=-emmem e KNPT-~===~==—=— XT-
bovine-L: = ------ KR-=-P-EK--A-~=E-=----n-cauG===- N-~Q====T====———- VE-V-
human-E: -S-NT-TEA-TYDE-SAY-QQR--H-~-----~ E-—-—--- NSI-SY-P--=-----=-" VNNV
bovine-E: -S--A-TEM-TFEE--DY-QKT--A-——w-- QE----- NS-FSY-Pr-~mmeme—- N-T-
human-P:  ------ T-AYS-NIS-KY-QNR---=~-=-=- N--D--N-V--Y¥S----=-=—=~ NNKT -
mouse-P: --=¥N--T-AYS-NNS-V---RHF=~~~===== N--AH-NDVI-~-FN-====v==—- NNK -
bovine-P: = ------ N-TYS-NYS-A--QKY--K-----~- N-=A--NE-I-YYN-=n~==w====- NNK -
& # # 2 *  #3¢ *
human-L: TWVGTNKSLTEEAENWGDGEPNNKKNXEDCVEIYIKRNKDAGKWNDDACHKLKAAT,
mouse-L: = ---~--- T--K-====- A-mmm——— S-mmmmmmm ER-S=~=w=~==~w- R-==-=---
rat-L: = =----=-- T--K-=m===~ T-wmmem- S---mmmmmmm ER~S-====mmwu- R-==-=---
bovine-L: = ----------~-- K---A----- R-S--==~=m=mmmmmm S-~--m-m——- A-T-~-=--
human-E: V-===-Q-P--=-- K--AP~----~ RQKD-==~==~=-~ E-~-V-M--~ER-S-K-L-----
bovine-E: et ST EL T K--T-~AP-===--- QSD-=-===m===~ E-~S-~--~ EK-T-Q-L----K
human-P:  ----- K-A-=N-=-=-= A-N-==-- R-N---~e=me- SPSAP-~--~ EH-L-K-H-----
mouse-P:  ------- T-------- A-N----=-- NQ---=----- S-SAP-~--- EP-F-R-R-=----
bovine-P: = -----~ K-T--~==m== A-N-=-==- R-NQ--=---~=~ SLSAP-~--~ EP-W~-R-R----R
B. EGF domains
x * * * * *
human-L: ASCQPWSCSGHGECVEIINNYTCNCDVGYYGPQCQF
mouse-L: = -~---- G--N-R-=----~ T-=-H--I--f~----mm- 14
rat-L: = -~--- E--NR----~- T-~-N-=I~-B~-o----=- Y
bovine-L: e C TR Q-==Vemoomemmm Lmeme- E--- )
human-E: -%-TNT--=-=--=-m~ T-====- K~-2-F5-LK-EQ
mouse-E: -~-TNA--====== I-T--S---K~-EZ~-FL--N-EQ
bovine-E: “A-N-TP-GS-==-=cmmme——— Q-EP~FX-LK~-EQ
human-»? ----DM---KQ-~-L-T-G--~-S~-VY>-F---E-EY
mouse-F: ----DM---NQ-K-I-T-GS-~~S~VYP-F---Z-EV
bovine-P ----DM---KQ---I-T-G--~-S~YP~F---E-EY
FIG. 7
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the (sequence and s‘tructural i nformati on describéed. Treatnent of
“af fect ed i ndi Vi duals ok Gy d i@ be” stsr btie usi,ng thé: T lyany'lgene
or fragmentsithereof. . . o L1W”*pwnm- or mal: gegulatLon_of_the Iyan}l" '
gene, as. evigdgneed. . }5 g Igy 1 ﬁe"""apgeas;ance and. di sappear anc%of e B
L-sel ectlrL on- tieww(} e f Aot a peC|f| I'eukocyt e ‘sub-; F{opul at
can be 5f ?oreﬁbio reStiithe effiect s of, drugs or speC| £
t her api es s

. ’“K‘Eh at"ARbut-d- aifer“genelexpre55|on
the present LU'niéntic

orFHakiYeen..descri-bed..iin 10, conj unct ion W t h a
preferred enbodi nent, one of ordinary CoUskill, aftier: rea"éﬁ‘ % the
foregoing specification, wll be able to effect various changes;™
substitutions ofCEIMERBCESERECTINS AS SIMUITANEODSaBLOCKING AGBNTEhe

conposi tions and net hods f is therefore

I ntended that the protect ﬁfénnl MPONENT égg;ﬁ% here%#%e l'i-m ted onl y by
appended cl ai ns. ,

RELATED APPLICATIONS
This application is a continuation-in-part of Tedder,
io0 U.S. Patent Application Serial No. 07/983,606, filed
November 30, 1992, which is a continuation under 37 CFR 1.62
of Serial Nos. 07/730,503, filed July 8,1991, and 07/313,109,

filed February 21, 1989, both now abandoned. This
. application also is a continuation-in-part of Tedder, U.S.
15 - Patent Application Serial No. 07/700,773, filed May 15, 1991;

of Tedder, U.S. Patent Application Serial No. 07/737,092,
filed July 29, 1991; of Tedder et al.; U.S. Patent
Application Serial No. 07/770,608, filed October 3, 1991; and
of Tedder et al., U.S. Patent Application Serial

20 No. 07/862,483, filed April 2, 1992, the whole of which are
hereby incorporated by reference herein.

FIELD OF THE TNVENTION

This invention relates to the selectin family of

receptor adhesion molecules and particularly to agents
25 interfering with selectin function.

GOVERNMENT RIGHTS )
Part of the work leading to this invention was made with
United States Government funds. =~ Therefore, the U.S.
Government has certain rights in this invention.

30 " BACKGROUND OF THE INVENTION
The ability of leukocytes to leave the circulation and
to migrate into tissues is a critical feature of the immune
fesponse. Normally, the infiltrating leukocytes phagocytize
invading organisms or dead or damaged cells. However, in

35 pathologic inflammation, infiltrating leukocytes can cause

This Sheet Has Been Rep This is the replacement sheet
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the sequence and structural information described.

-24

Tr eat nent of affected individuals would then be possibl e using

t he 1 yam 1l gene or fragnents thereof. The nor mal
regul ation of the lyam 1 gene, as evidenced 5 by the appearance and
di sappearance of- L-selectin on the surface of a specific

| eukocyt e sub-popul ati on can be - 2 nonitored to test the effects of
drugs or specific therapies that would alter gene expression

Wi lhe t he ]Péﬁf&txsi RNt E6febifiebeeatASCr dREge D 10LeukocyteSiadicited

L Dol ELECCh IO 000 SLL S IHRTY mumpor. o Fbbke FliR" "0

changes, suhshifestabiont,eqinalaldinie, the adult respiratory distress
syndrome, multi-organ failure and reperfusion injury.

5 The selectin family of receptor adhesion molecules
mediateé the initial interactions . of 1leukocytes +with
endothelium (Springer, Nature 346:425-434 (1990); Lasky,
Science 258:964-969 (1992)). L-selectin (also known as LAM-
1) is expressed on the surface of'mdst classes of leukocytes

10 (Griffin et al., J. Immunol. 145:576-584 (1990); Tedder et
al., J. Immunol. 144:532-540 (1990)) and mediates the binding
of lymphocytes to high endothelial venules (HEV) of lymph
nodes and to activated endothelium. P-selectin (also called
PADGEM, CD62 or GMP-140) is expressed by activated platelets

15 and endothelial cells (Johnston et al., Cell 56:1033 (1989);
Hsu-Lin et al., J. Biol. Chem. 259:9121 (1984)) and mediates
adhesion between myeloid cells and activated endothelium or
activated platelets (Gallatin et al, Nature 304:30-34 (1983);
Spertini et al, J. Immunol. 147:2565-2573 (1991); Larsen et

20 al, Cell 59:305-312 (1989); Geng et al, Nature 343:757-760
(1990)). Another member of the family E-selectin (also known
as ELAM-1) is expressed by activated endothelial cells
(Bevilacqua et al., Science 243:1160 (1989); Bevilacgua et
al., Proc. Nat’l Acad. Sci. USA 84:9238 (1987)) and partially

25 mediates the binding of neutrophils to endothelium at sites
of inflammation (Bevilacqua et al., Proc. Nat’l Acad. Sci.
USA 84:9238 (1987)). All selectins are derived from

evolutionarily related.genes (Collins et al., J. Biol. Chem.
266:2466-2478 (1991); Johnston et al., J. Bicl. Chemn.

30 34:21381-21385 (1990); Ord et al., J. Biol. Chem. 265:7760-
7767 (1990); Watson et al., J. Exp. Med. 172:263-272 (1990)),

and are characterized by an NH.-terminal, Ca%*-dependent

lectin domain, an epidermal growth factor (EGF)-like domain

followed by multiple short consensus repeat (SCR) domains,

35 a transmembrane region, and a cytoplasmic tail. Although
" the lectin domains are critical for the binding of specific

This is the replacement sheet
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and 6Fher alterations to t He conposi ti ens and met hods” set forth

‘herein. It is therefore intended that the protection 15" grant ed by
Lette rs Patent hereon be Iimted only by the ~definitions
contained in the appended cl ai ns and equi val ents t her eof .
- 25 - s SEQUENCE LI STI NG

-3 -

carbohydrate ligands (Springer, Nature 346:425-434 (1990);
Lasky, Science 258:964~-969 (1992)), the role of the conserved
EGF-like domains is unknown.
It has been proposed that the treatment of a patienﬁ
5 suffering from pathologic inflammation with an antagonist to
adhesion receptor function can result in the reduction of
leukocyte migration to a level manageable by the target
endothelial cells and the subsequent dramatic recovery of the
patient. Local administration of therapeutic agents can
10 block competitively the adhesive interactions Dbetween
leukocytes and the endothelium adjacent to an-' inflamed
region. Therapeutic agents can also be administered on a
systemic level for the treatment of a patient suffering from
disseminated inflammation (Harlan and Liu, eds., Adhesion:
i5 Its Role in Inflammatory Disease, W. H. Freeman (in press)).

SUMMARY OF THE INVENTION

We report here that the EGF-like domains of P~selectin
and of E-selectin can participate directly in cell adhesion,
having ligand binding sites distinct fron those of their

20 fespective lectin domains. Cell adhesion mediated at least
by the P and E-selectins may be complex, involving
interactions between the lectin domain and a carbohydrate
ligand, and separately, between the EGF-like domain and one
or more proteins or other ligands. Our discovery of a

25 difference in at least one of the ligands recognized by the
lectin and EGF domains of a given selectin has permitted the
preparation of chimeric polypeptides that combine within one
molecule the ability to target two or more different selectin
ligands and the use of these agents in therapy or in the

30 preparation of additional classes of antagonists to selectin
function.

Thus, the invention generally features chimeric peptides
or polypeptides that combine ligand binding portions from
within the lectin and EGF domains of two different selectins.

35 The peptides or polypeptides can be composed solely of the

This Sheet Has Been Replaced’
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~GENERAL | NFORMATI ON: S (i) APPLI CANT: Tedder; Thomms

Kansas, Ceoffrey S. 5

(ii)‘TITLE OF I NVENTI ON: CHI MERI C SELECTI NS AS SI MULTANEQUS
BLOCKI NG AGENTS FOR COMPONENT SELECTI N FUNCTI ON (iii)

NUVBERIOF SEQUENCES: 11
(A) ADDRESSEE: Weingarten, Schurgin, Gagnepin & Hayes
(B) STREET: Ten Post O fice Square

E% ;TSTEO 2:‘l.%gicated portions of lecthh GPUNIER: aURAihE or they can

10

15

20

- 30

include portions of any of the remaining domains (SCR,
transmembrane or cytoplasmic), or the entire extracellular
portion, of a generic selectin_moleéule. The peptides or-
polypeptides also can be joined to a carrier protein (e.qg.,
a soluble portion of an immunoglobulin molecule) to increase
the serum half-life of the therapeutic agent. In another
aspect, the invention features nucleic acid encoding the
chimeric polypeptides.

The chimeric polypeptides can be used as therapeutic
agents to antagonize selectin function. They are also useful
for screening for agents that are simultaneously antagonists
of the function of lectin and EGF domains of different
selectins.

As used herein, the term "polypeptide'" is intended to
include shorter molecules, or ‘“peptides." The term
"essentially purified" refers to a polypeptide sequence that
has been separated or isolated from the environment in which
it was prepared or in which it naturaliy occurs.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantages of the invention will be
apparent from the following description of the preferred
embodiments thereof, taken in conjunction with the
accompanying drawings in which:

Fig. 1 shows  the structure and expression of
L-selectin/P-selectin chimeric proteins (Lectin, lectin
domain; EGF, epidermal growth factor-like domain; SCR, short
concensus repeat; TM, transmembrane domain; C, cytoplasmic
domain) ;

Fig. 2a shows binding of HL-60 cells to COS cells
transfected with natural and chimeric selectins (Original
magnification, 200x);

Fig. 2b shows mapping of the domain(s) of L2P
responsible for adhesion of HL-60 cells (bars represent the

This is the replacement sheet
| 293 NG 9%
Date:
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(v) “CGOMPUTER READABLE FORM (A) MEDI UM TYPE: Fl oppy

" di sk . (B) COMPUTER: | BM PC conpati bl e
(C) OPERATI NG SYSTEM PC- DOS/ Ms- DCS 20 (D) SOFTWARE:
Patentl n Rel ease #1.0, Version #1.25 (vi) CURRENT
APPLI| CATI ON: DATA: (A) APPLI CATI ON NUMBER: US
08/ 008, 459 (B) Flé_l NG DATE: 25-JAN- 1993 '
(C CLASSI FI CATION. 25 (vi1) PRIOR APPLICATICN DATA:
(A) APPLI CATLON NUVBER. Ugnd7/ 883, 6Q@presentatlve at 168 FILIRG
DATE: 30- NOV-1992 (vit) PRIOR APPLICATICN DATA:
(A) APPLI CAS¥PRERBRBER) /i US 07/ 862, 483 30 (B) FILING

DATE: 02- APR-1998ig. 3a shows neura(nvim)dzﬂﬂ CBerPt i CATYOYdIATAGhesion
mediated by the lectin and EGF domains of P-selectin;

5 Fig. 3b shows protease sensitivity and ca?* requirement
for adhesion mediated by the lectin and EGF domains of
P-selectin;

Fig. 3c shows an analysis of the binding of the chimera
L2P3L;

10 Figs. 4a, 4b and 4c show the cDNA nucleotide sequence
(SEQ ID NO: 1) encoding L-selectin and also show the amino
acid sequence of L-selectin (SEQ ID NO: 2);

Fig. 5 shows the restriction map and the exon-intron
organization of the lyam-1 gene;

15 Figs. 6a, 6b, and 6c show the nucleotide sequence of
exons II through X of the lyam—~1 gene; and

Fig. 7 shows the homology among the lectin and EGF
domains of L-, P- and E-selectin.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

20 We have examined the role of the lectin and EGF-like
domains of the L-, P-, and E-selectins in cell adhesion and
have determined that the EGF-like domains of P- and
E-selectin play a direct role in ligand recognition and
leukocyte adhesion mediated by the respective selectin. This

25 discovery has permitted the preparation of chinmeric
polypeptides that combine within one therapeutic agent the
ability to target two or more different selectin ligands and
the use of these agents in therapy or in the preparation of
additional classes of antagonists to selectin function.

30 Determination of the binding specificity of selectin lectin
and EGF domains

The functional activities of the lectin and EGF-like
domains of L-, P-, and E-selectin in the adhesive events

described above were examined using a panel of

This is the replacement sheet
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() GAPPLI CATI ON NUVBER  US 07/ 770, 608 " (B) FILING

DATE:. 03- OCT- 1991 (vii) PRI OR APPLI CATI ON DATA: 35

(A) APPLI CATI ON NUMBER US 07/ 737, 092 (B) FILING
DATE: 29- JUL- 1991 (vii) PRI OR APPLI CATI ON DATA:

(A) APPLI CATI ON NUMBER US 07/ 730, 503 (B) FILING
DATE: 08-JUL-1991 40 (Vi) PRI OR APPLI CATI ON DATA:

(A) APPLI CATI ON NUMBER US 07/ 700, 773 (B) FILING

DATE: 15- MAK~£@9éctin/P-selectin ahdi | L-BBEQat&B?@—@%'ﬁJe@ElQAT%hlmerlc

(A) APPLI CATI

07/313,.10

DATE: 21- FEB® ?Ngg L Rgferrmg Qi +g 2 cEReSSe AEEI’Q?’LPNIFG%M&;F] ”—A

10

15

20

25

30

35

were created by exchange of cDNA encoding the lectin, EGF,
or both lectin and EGF domains of the desired selectin and
expression of the chimeric nucleic acid, as described in the
Experimental Procedures section. Many other methods familiar
to those of skill in the art can be employed to prepare
similar products. _

The chimeras conserve the overall polypeptide backbone
structure of the selectins, and resulted in minimal changes
in the Jjunctions between domains. The functional
characterization of these chimeric selectins therefore
offered a powerful approach to determining the molecular
basis of cell adhesion mediated by these molecules and to
preparing diagnostic and therapeutic agents incorporating
properties of individual selectins into the same polypeptide.

Expression of the chimeric proteins in COS cells was
verified and gquantitated using panels of P-, E- and
L-selectin domain-specific monoclonal antibodies (mAb) in
direct adhesion assays. The chimeric cDNA were subcloned
into the pMT-2 vector and used to transiently transfect COS
cells as described under Experimental Procedures.
Twenty-four hours before analysis, 2.5 x 10* transfected COS
cells were replated into 96 well plates. Expression of
domain-specific epitopes by chimeric selectins was assessed
using mAb reactive with specific domains and a surface
immunofluorescence assay as described (Luscinskas et al, J.
Immunol. 149:2163-2171 (1992)).

' Referring again to Fig. 1, the individual constructs,
containing the indicated domains of P-selectin and L-
selectin, reacts only with anti-L-selectin and anti-p-
selectin monoclonal antibodies recognizing the specific,
indicated domains. These results demonstrate that the
chimeric cDNA encoded the expected proteins and that each
protein was expressed and readily detected on the surface of
COS cells. Note that the LAM1-1 mAb fails to recognize
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either the L2P or P2L proteins, and therefore defines an
epitope composed of residues in both the 1lectin and EGF
domains. Values given are means of absolute optical dehsity
(OD) units from which OD units obtained with a control
non~binding mAb were subtracted. Experimental values less
than the control values are represented as zero. The values
presented are typical of those obtained in three experiments.
The standard deviations for these fluorescence measurements
were less than 15%. '

Characterization of the adhesion reactions mediated by the
selectin lectin and EGF domains

The HL-60 myelomonocytic cell line expresses ligands for
P-selectin (Larsen et al, Cell 59:305-312 (1989); Geng et al,
Nature 343:757-760 (1990)) and E-selectin (Bevilacqua et al.,
Science 243:1160 (1989); Bevilacqua et al., Proc. Nat’l Acad.
Sci. USA 84:9238 (1987)) and was therefore used to assess
P-selectin and E-selectin function. Referring to Fig. 2a,
HL-60 cells bound at high levels to COS cells expressing
P-selectin, but did not bind to COS cells expressing L-
selectin. HL-60 cells also bound to COS cells expressing the
chimeric protein P2L, in which the 1lectin domain from
P-selectin was substituted for the 1lectin domain of
L-selectin. Therefore, the lectin domain of P-selectin
alone, when attached to the EGF-like and other domains from
L-selectin, was sufficient to mediate high levels of HL-60
cell adhesion. However, the lectin domain of P-selectin
alone was not solely responsible for all HL-60 “binding,
because HL-60 cells also bound to COS cells expressing L2P,
in which the P-selectin lectin domain was replaced with that
of L-selectin.

The domain(s) within L2P responsible for HL-60 adhesion
were mapped using additional chimeric selectins. Referring
to Fig. 2b, HL-60 cells bound to COS cells expressing L2P3L,
which contains only the EGF domain from P-selectin, but did
not bind to COS cells expressing L3P, which lacks both the

This is the replacement sheet

pate: 2 3 B 1%



(o1

"FELEX 940675 5 (2) FNFORMATI ON FOR SEQ ID NO1:
- (i) 'SEQUENCE CHARACTER! STI CS:

pairs (B) TYPE: nucleic acid

(C) STRANDEDNESS: single 10 (D TOPOLOGY: |inear
(i1) MOLECULE TYPE: cDNA (iii) HYPOTHETI CAL: NO
(iv) ANTI-SENSE: NO -(8x FEATURE: 15

(A) NAME/ KEY: CDS

10

15

20

25

30

lectin and EGF-like domains of P-selectin but contains the
P-selectin SCR domains. Furthermore, binding of HL-60 cells
to P3L, which .contains both the lectin and EGF domains from
P-selectin, was approximately equivalent to that of native -
P-selectin and significantly (P < 0.01; Student’s T test)
higher than binding of cells to P2L, even though.expression
of P2L and P3L were approximately equal. These data indicate
that both the lectin and EGF-like domains of P-selectin
contain 1ligand binding sites capable of independently
mediating HL-60 cell adhesion.

For study of ligand binding sites in E-selectin, four
L-selectin/E-selectin chimeric molecules were constructed.
L2E has the lectin of L-selectin and the remainder of
E-selectin; E2L is the precise converse. L5E has the amino
terminal 88 amino acids of L-selectin (i.e., 74% of the
lectin domain) and ES5L is the precise converse. Binding of
HL-60 cells to COS cells expressing these chimeras was
assessed as before. The constructs containing only a portion
of a specific lectin domain exhibited zero binding, while the
binding to chimeras containing lectin and EGF domains from
different selectins was reduced by about a half. Therefore,
the overall pattern of binding was similar to the results
with L-selectin/P-selectin chimeras.

Determination of the influence of EGF~-domains on the adhesive

activitv or svecificitv of the lectin domains

Adhesion mediated by P-selectin involves sialic
acid-bearing carbohydrates, possibly including the sLe*
and/or related structures, as well as protein determinants
(Larsen et al, Cell 63:467-474 (1990); Zhou et al, J. Cell
Biol. 115:557-564 (1991); Moore et al, J. Cell. Biol.
118:445-456 (1992); Moore et al, J. Cell Biol. 112:491-~499
(19%1) ; Polley et al, Proc. Natl. Acad. Sci. USA 88:6224-6228
(1991); Larsen et al, J. Biol. Chem. 267:11104-11110 (1992)).
Therefore, the effects of neuraminidase and protease
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TFS Phe-Ligéégger P—seleg%fh}¥§3£ysoéiékﬁeﬁaghéxgﬁgnéag AZE Leu Trp Asn
30 ) REGGVEGGC BAC AGAIATG @EAdTGEesdluesT TronCTBLSEA CAELCAT

Ala Hs His
4% HL-60 cells to COS cells expressing native P-selectin or P3L

GGA ACC sééggfgfantly (P< dUU&)Ggﬁfggﬂcgﬂblgﬁkl&e%egﬁieg%ﬁdﬁﬁgi%%Fdkeu .
(Fig. 3A). In contrast, removal of sialic acid residues from
HL-60 cells nearly completely eliminated adhesion of HL-60
cells to P2L (Fig. 3A). 1In addition, binding to the E-
selectin/L-selectin construct E2L was partially inhibited by

10 pretreatment of the HL-60 cells with CSLEX1 mAb directed
against sLex. Similarly, pretreatment of COS cells with mAb
directed against the 1lectin domain of P-selectin
significantly (P < 0.005), but only partially, inhibited the
adhesion of HL-60 cells to P-selectin or P3L, but abolished

15 adhesion to P2L (Fig. 33).

Treatment of HL-60 cells with either chymotrypsin or
papain eliminated >90% of binding to COS cells expressing
P-selectin, P3L, or P2L (Fig. 3B). In addition, 2.5 mM EGTA
abolished adhesion (Fig. 3B). These results confirm the

20 importance of the 1lectin domain in adhesion, and offer
independent evidence that the EGF domain of P-selectin also
plays a direct role in adhesion, recognizing a protein
ligand. )

A similar analysis was performed on L2P3L to

25 characterize adhesion mediated by the EGF-like domain of
P-selectin. Adhesion of HL-60 cells to COS cells expressing
L2P3L was also reduced, but not eliminated, by neuraminidase
treatment of the HL-60 cells (Fig. 3C). MADb directed against
the L-selectin 1lectin domain present within L2P3L also

30 significantiy (P < 0.01) inhibited adhesion. These results
suggest that recognition of specific carbohydrate structures
on HL-60 cells by the lectin domain of L-selectin, which
alone was not sufficient for cell adhesion, contributes to
leukocyte adhesion in this system when this interactior is

35 supported by the adhesive activity mediated by the EGF dcaain
of P-selectin. Consistent with this hypothesis, rare
ent sheet
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- 247 . Asp Cys Trp Thr Tyr His. Tyr Ser Qu Lys Pro Met Asn Trp

G@n Arg 50 55 60

65 GCT AGA AGA TTC TGC CGA GAC AAT TAC ACA GAT TTA GIT GCC

ATA CAA » 295 Ala Arg Arg Phe Cys Arg Asp Asn Tyr Thr Asp Leu

VaIAIaIIeGIn35 70 75

80 AAC AAG GCG GAA ATT GAGlPAT CTG GAG AAG ACT CTG CCT TTC AGT

ngg Phe Ser gplate) rosdBted ox ArasH é'eii§ wark Bﬂcéﬁlbrgﬂ}%sg%e'deu

95 ogceetde trenrEscied &&Mﬁc-‘(ﬁé% AﬁaéﬁA’I@%ASRPM@G ACG

;']GG 39&n4(h soluble L-¥81dytinjrgdudicn Protdinm Alas lay meldstr@iled y
e

' 110 TrR T Trfm‘@n‘c;f@éA %%@W@&lH&egﬁI@A(%a& B hnctras

GBA GAT  .cé89 Biol. 117:895¥abog ¥13b2) Asn AgheSéonl ef Hi-60 wellls Aloa G u
'i‘;g Trp d yL‘ZAﬁQL was eliminated 1%? EGTA, indicatiljrgo that adhesion
mediated by the EGF-like domain is also Ca’“-dependent, and
was significantly (P < 0.01) reduced by protease treatment
(Fig. 3C).

10 Detémination of the influence of EGF domains on the adhesive
activity or specificity of the lectin domains

In order to determine if the EGF-like domains of
selectins have any influence on the adhesive activity or
specificity of the lectin domain, stable transfectants of

15 the 300.19 murine pre-B cell line expressing L-selectin,
P-selectin, L2P or L2P3L were generated. These cells were
tested for binding to lymph node HEV using the standard in
vitro frozen section assay (Stamper Jr. et al, J. Exp. Med.
144:828-833 (1976)). Transfectants expressing P-selectin did

20 not bind to HEV, whereas transfectants expressing L-selectin,
L2P or L2P3L bound to HEV equivalently and at high levels
(Table I).
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140 . 145 ATC AAG AGA AAC AAA GAT GCA GGC AAA
TGG AAC GAT: GAC GCC TGC CAC 535 5 Ile Lys Arg Asn Lys Asp

Ala Ay Lys Trp Asn Asp Asp Ala Cys Hesii -

Table I. Adhesion of cell lines to 1lymph node HEV is
mediated by the lectin domain of L-selectin.

cDNA IL.AM1-3 expt 1 expt 2 expt 3

mAb
5 none - 0.047 + 0.12 + " <0.01
0.02 0.025
+ <0.01 ND : "~ ND
L-selectin - ' 3.43 + 6.85 + 2.44 +
0.42 0.45 0.51
+ 0.05 + ND <0.01
0.2 :
L2P - 3.71 + 6.64 + 4.40 +
0.26 0.43 0.3
+ 0.074 + ND <0.01
0.03
L2P3L - © 5.71 + 6.85 + 3.94 +
0.33 0.18 0.27
+ 0.08 + ND <0.01
0.03
P-selectin - <0.01 <0.01 ND

10
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150 f\ 155 160 AAA CTA -AAG GCA
GCC CTC. TGT TAC ACA GCT TCT TGC CAG CCC TGG TCA 583 Lys
Leu Lys Ala Ala Leu Cys Tyr Thr Ala Ser Cys A n Pro Trp Ser
165 170 175 10 TGC AGT GGC CAT
GGA GAA TGI: GTA GAA ATC ATC AAT AAT TAC ACC TGC 631 Cys
SerGIyHisGIyGIuQ/sVaIGIuIIeIIeAsnAsnTyr Thr Cys
180 185 1290 AAC TGTI GAT GIG
GGG TAC TAT GGG TTT T 79 Asn
Cys Asp Val Qy %:Fg %Eé%té%]— Rme] g/r% é Hegr%q'\/aﬁlpg J#° 1§herefore
195 capable o:oouedlatlng blndlng 26® HEV when attagdyedcAtoCEheTTG

GAG GCC o
au Pro Egﬁ.aég\qgg %%_ cgﬁgélf‘-eﬁda 1,}‘/1'1s_|_(ﬁ'5:|1_:' @C}e%gtln. 71%@ |L32P and L2P3LQ"S

210 chi mer:.c gggectlns can therefopg blnd%o dlfferentzz:grpes of
ST TTG GCGACY s TWEléACeHGeAAClIQAn@(\G)TGBICm&iKi'A@ SECPFEgEklectin]75 20
Pro Leu Gy, éaffeg ing &ghs?pébgffiscltles o%/%o%lha I%h%hsee%a esntsselectms
from which they are constructed. This acgquisition of novel
adhesive properties as a result of the exchange of lectin or
EGF-like domains between selectins reinforces our hypothesis
10 that the EGF-like domain of P-selectin can mediate cell
.' adhesion. In addition, these data directly'demonstrate_the
functional independence of the lectin and EGF-like domains,
and therefore argue againsf a role for the EGF-like domain
in determ:.nlng the carbohydrate specificity of the lectin
15 domain.

Structure of the I-selectin gene
As disclosed in U.S. Patent Application Ser. No.

07/983,606, cDNA enco'ding L-selectin has been cloned and the

sequence determined, as shown in Figs. 4a, 4b and 4c (SEQ ID

20 NO: 1). The cDNA encodes a protein of 372 amino acids (SEQ
ID NO: 2). |

The structure of the lyam-1 gene, which encodes the LAM-

1 protein, was determined by isolating overlapping genomic

DNA clones that hybridized with a LAM-1 cDNA probe. The

25 lyam-1 gene spans greater than 30 kb of DNA and is conmposed

of at least 10 exons. The 5’/ end of the LAM-1 mRNA was

mapped by primer extension analysis, revealing a sirigle

initiation region for transcription. Exons II through X

contain translated sequences; exon II (SEQ ID NO: 3) encodes

30 the translation initiation codon, residue 14 shown in Fig. 2;

exon III (SEQ ID NO: 4) encodes the leader peptide domain,

residues 15-41; exon IV (SEQ ID NO: 5) encodes the lectin-

like domain, residues 42-170; exon V (SEQ ID NO: 6) encodes

the epidermal growth factor-like domain, residues 171-206;

35 exons VI (SEQ ID NO: 7) and VII (SEQ ID NO: 8) encode the
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260 265 270 CCT CTA TCA GCA
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TTT ACC TCThrEmsmembrae: TreKn Tarerdhugs) 333x373; ®xen. IX (SEQ IDp g
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95, : ... 30 0 .
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Thr Qu Lewdd a1y y dneodegs bhe THivel er&ysiffingSeambBeo @gidd e of the

cytoplasmic tail and the long 3’ untranslated region.
The pLAM-1 cDNA was labeled with ¥P and used as a probe
to isolate hybridizing DNAs from a human leukocyte genomic
10 DNA library. Approximately 1 X 10° plagues were screened,
and 13 plaques that hybridized with the cDNA probe were
jdentified and isolated. Seven of these clones were found
to contain inserts with unique restriction enzyme maps
representing overlapping genomic fragments spanning at least
15 30 kb. These inserts, LAMG-17, -19, -20, -28, -35, -37, and
-47, were further digested and subcloned into plasmids.
Detailed restriction maps of these subclones were made and
compared to those of intact inserts to determine their
correct locations (Figs. 4A and 4B).
20 The correctness of the restriction map was verified with
Southern blot analysis. DNA isolated from two B cell lines,
BL and BJAB, and one T cell line, HSB-2, was digested to
completion with Bam HI, Bal II, or Pvu II, size-fractionated,
and transferred onto nitrocellulose. This filter was probed
25 with the LaM-1 cDNA clone, pLAM-1. All genomic fragments
derived from endonuclease digested DNA hybridized with cDNA
probe to generate hybridizing bands of the appropriate size.
The pLAM-1 cDNA clone encodes an 85-bp 5/ untranslated
region. An oligonucleotide homologous with the 5’/ sequence
30 of the pLAM-1 cDNA was used as a probe for primer extension
analysis. This oligonucleotide was hybridized with poly (A*)
RNA isolated from the human B cell line RAJI, the IAM-1-
negative human B cell line Namalwa, the mouse pre-B cell line
A20, and yeast tRNA as a control. Complementary DNA was
35 . synthesized Dby extending the primer with ©reverse
transcriptase. The major primer extension product obtained
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325 330 335 40 ATG ATT AAG GAG
GGT GAT TAT: AAC CCC CTC TTC ATT CCA GIG GCA GTIC 1111 Met
lle Lys GQu Ay Asp Tyr Asn Pro Leu PheIIePro-VaI Al a Val :
340 345 350 ATG GIT ACT GCA

TTC TCT GG% 1;-,? %ﬁ:é g{ﬁn{g CL%IIl ;é?égﬁg‘@‘ &3 llnélﬁﬁA wal?5 extended't

Val Thr elle Trp Leu
355 126 nuclecgig:gies beyond the gggnslatlon :Ln:L JmoprAsm <AAA

GGC AAG AMrHidYe Affe %G%:u?@ﬁexgiu%'ér%@ £EAnTAFiptiol?Qhitiation sitesAr g

5?3 Lys Lys (]yfﬁgs ng-fegengsappgrE%% §§0ﬁ§g1reéﬁé&onTxlth3§§JI RNA .

5 that was not found with the LAM-1 negative Namalwa RNA.
Several primer extension products of size similar to those
of the human B cell line RNA wére obtained with mouse B cell
RNA. Therefore, murine B cells may express an RNA species
that cross-hybridizes with the oligonucleotide probe used.

10 No primer extension products were obtained in the yeast tRNA
control reactions.

The relationship of the primer extension results to the
cloned 1AM-1 cDNAs and the most 5’ exon of lyam-1 isolated
was used to detérmine the nucleotide sequence of the exon

15 . that encodes the translation initiation AUG codon. This exon
ends immediately after the site that encodes the translation
initiation codon (Fig. 5) and overlaps precisely with the
pLAM-1 cDNA sequence. The length of the cDNA clone obtained
by Bowen et al., J. Cell Biol. 109:421-427 (1989) agrees

20 precisely with the primer extension results except for two
nucleotides. However,'ls nucleotides before the 5/ end of -
the cDNA the sequence diverges from the genomic sequence at
a site homologous with the 3’ splice acceptor site consensus
seguence. Therefore, it is most likely that this 15-bp

25 region is derived from the exon upstream of this potential
splice site. Thus, the primer extension results indicate
that exon I would most likely be composed of 15 or fewer base
pairs.

A 15-bp oligonucleotide homologous with. the 57

30 nucleotides present in the cDNA clone of Bowen et al., supra
but not encoded by exon II, was used to probe the 10 kb of
cloned DNAs 5’ of exon II; however, specific hybridization
was not detected by Southern blot analysis. Under the
conditions necessary for hybridization of this

35 oligonucleotide, significant cross-hybridization occurred
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- rE : TAAATCGCCC TTGGTGAAAG AAAATTCTTG GAATACTAAA AATCATGAGA
TCCTTTAAAT 1267 CCTTCCATGA AACGTTTTGI GIGGTGECAC CTCCTACGTIC

AAACATGAAG TGIGITTCCT 1327 TCAGIGCATC TGGGAAGATT TCTACCTGAC

CAACAGITCC TTCAGCTTCC ATTTCACCCC 1387 TCATTTATCC CTCAACCCCC

AGCCCACAGG -TGTTTATACA GCTCAGCTTT TTGICTTTTC 1447 5 TGAGGAGAAA

CAAATAAGAC CATAAAGGGA AAGGATTCAT GIGRAAJATA AAGATGECTG 1507

with A-DNA, making it difficult to use this oligonucleotide
to isolate the first exon from a A-based genomic library.

These results suggest that the exon which encodes the-

translation initiation site is the second exon of the lyam-1

5 . gene (Fig. 4C). Consistent with this, the 900 bp upstream
of exon II did not contain any apparent "“TATA" or “CCAAT"

sequences frequently found in promoter regions of eukaryotic

genes (Fig. S5). Therefore, it 1is 1likely that the
transcription initiation region and exon I are further than

10 10 kb upstream from exon II of the lyam-1 gene. S1 nuclease
protection .apelysis was carried out using the 5’ region of

exon II as a labeled probe for hybridization with poly (A*)

RNA from RAJI, Namalwa, and A20 cells. Two mRNA species were

protected in the RAJI mRNA, while no S1 protection was

15 provided by the other RNAs. The length of these fragments
was consistent with differential splicing at the two

potential CAG/N splice sites located within the potential

splice acceptor site in exon II. It is therefore likely that

the transcription initiation region has not been identified.

20 The majority of the exons were localized by comparison
of the restriction enzyme maps of the genomic clones and the

pLAM-1 cDNA. In cases where this method did not provide
definitive results, subcloned DNA fragments were digested

with selected restriction enzymes, electrophoresed through

25 agarose gels, and transferred to nitrocellulose. Fragments
containing exons were identified by Southern blot analysis

using labeled cDNA or oligonucleotide probes. The exon that

- encodes the 3’ untranslated region of the LAM-1 cDNA was not
contained within the 30 kb of isolated DNA fragments.

30 Therefore, a labeled 0.9-kb Dra I fragment containing most
of the 3’ untranslated region of the pLAM-1 cDNA was used as

a probe to identify a homologous 3.2-kb fragment generated

by complete Eco RI digestion of genomic DNA. Eco RI-digested

_ genomic DNA fragments of this size were used to make a

35 partial A-gtll genomic library from which the 3.2-kb Eco RI
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The exact boundaries of the exons were determined by
nucleotide sequence analysis. From this analysis, nine exons.
were identified which make up the entire. pLAM-1 cDNA.
Exon II encodes the translation initiation codon, and
exon III encodes the leader domain of the LAM=-1 protein
(Fig. 5). Each of the lectin-like, epidermal growth factor-
like, transmembrane, and short consensus repeat domains was
encoded by a separate exon. The smallest exon, IX, is 19 bp
in length and may encode a carboxyl-terminal phosphorylation
cassette. The last 5 amino acids of the LAM-1 protein and
the 3/ untranslated region which includes the poly(3a)
attachment site, AATAAA, are encoded by exon X as shown in
Fig. 5. The nine exons which encode pLAM-1 were split inside
codons in all cases, except the junction between exons II
and IIT. In each instance, the consensus sequences of 5’
donor splice sites and 3’ acceptor splice sites were adhered
to. Nucleotide sequence polymorphisms within the coding
region were observed between the genomic clones containing
exon V that encoded SCR I and the pLAM-1 clone at cDNA
nucleotide positions 741 and 747 (A to G), leading to a
coding change from Asn to Ser in both cases, and at
position 816 (A to G) changing the Glu to a Gly.

Experimental Procedures
Construction of Chimeric Selectin cDNAs

Four new restriction endonuclease recognition sites were
introduced separately into the pLAM-1 cDNA by polymerase
chain reaction  (PCR)-based site-directed mutagenesis as
follows. Oligonucleotides surrounding and including each new
restriction.sequence were synthesized in both the sense and
antisense directions. PCR was carried out using the new
restriction site sense oligonucleotide and an antisense
oligonucleotide anchor located in the plasmid near the 3’ end
of the cDNA. In a separate reaction, the new restriction
site antisense oligonucleotide plus a sense oligonucleotide
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end of the LAM-1 cDNA. The individual PCR products from
these two reactions were gel purified, subcloned into the
pSP65 vector (Promega Biotec, Madison, WI), digested with the
appropriate restriction enzymes, and ligated together. The
nucleotide changes were as follows: (a) GAMATCC to GGATCC in
the lectin domain, creating a BamHI site, corresponaing to
amino acid number 53 in the mature protein (Fig. 2);
(b) AS®TGCAG to CTGCAG in the EGF domain, creating a PstI
site, corresponding to amino acid number 127; (c) GAGGH®!c¥2c
to GAGCTC in the first SCR domain, creating a SacI site;
corresponding to amino acid number 164; and (d) GTCAAA!® to
GTCAAC in the second SCR domain, creating a HincII site,
corresponding to amino acid number 279. The fidelity of the
site-directed mutagenesis was confirmed by restriction
mapping and sequencé analysis of the cDNAs. Each of these
sites is naturally present in the PADGEM cDNA (Larsen et al.,
Cell 59:305-312 (1984)).

Domain Mapping of Binding Sites

The chimeric selectin cDNAs were subcloned into the
pMT-2 expression vector (Kaufman et al, J. Mol. Cell. Biol.
9:946-958 (1989)), and COS cells at ~50% confluency were
transiently transfected with 3 pg of the indicated cDNA by
the DEAE dextran method. One day after transfection, the COS
cells were replated at ~50% confluency onto 35 mm Petri
dishes (assay plates) (Becton-Dickinson, Lincoln Park, New
Jersey). The following day, HL-60 cells were washed twice
in cold RPMI 1640 media (Gibco, Grand Island, NY),
resuspended in RPMI 1640 at a final concentration of
3.3 x 10° cells ml, and 0.6 ml (2 x 10° cells) were added to
assay plates which had been washed twice with cold RPMI 1640
media. The plates were gently rocked for 20 min at 4°C,
washed five times, and the number of HL-60 cells bound to
individual COS cells were counted on a minimum of 100 COS
cells.
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Vet Gy Cys Arg Arg Thr Arg Gu Gy Pro Ser Lys Ala Met |le Phe
1 - 5 10

15 Pro
Trp Lys Cys @ n Ser Thr A n Arg Asp Leu Trp Asn |Ile Phe Lys 30
20 25 30 Leu Trp Ay Trp
Thr Met- Leu:Cys Cys Asp Phe Leu Ala Hs Hs Qy 35
40 45 Thy gAsp Cys Trp Thr Tyr Hi's Tyr Ser
Gu Lys Pro Met Asn Trp G n 55
60 35 Arg Agsésg 68 Toexsy é\rat'eéémﬁéﬁtwb ﬁbv Asp Leu Val Al a
Isi)e 'rhé3 5cDNAs encoding native L-selectin, L2P and L2P3L were

subcloned into the Bam HI site of the pZIPneoSV(X)
vector (Cepko et al, Cell 37:1053-1062 (1984)),.and were used
5 to transfect the mouse pre-B .cell 1line 300.19. Stable
transfectants were selected in medium containing
0.5-1.0 mg/ml G418 (geneticin; Sigma), and cells expressing
the proteins were selected by ©panning with the
LAM1~-3 mAb (Spertini et al, J. Immunol. 147:942-949 (1991)).
10 To generate P-selectin transfectants, the P-selectin cDNA in
' the pMT-2 vector was cotransfected with the pSV2neo vector
containing the neomycin resistance marker. Rat lymph nodes
were obtained from freshly euthanized Lewis rats, snap frozen
in isopentane/liquid nitrogen, and stored at -70°C in
15 isopentane until use. For the HEV assay, 5 x 10° of each
cell type were incubated on three 12 mm sections/ slide at
64 rpm for 25 min at ~4°C, the excess cells were gently
removed, and the slides were'placed vertically in ice-cold
fixative (PBS/2.4% glutaraldehyde) overnight. The slides
20 were then counterstained with Gill’s hematoxylin, overlaid
with glycerol gelatin, and cover slips were applied. Each
slide was scored for the number of lymphocytes bound/HEV.
Between 100-200 HEV were counted for each experiment. Data
are presented as mean * standard deviation of lymphocytes
25 bound/HEV. ND, not determined. '

Determination of neuraminidase sensitivity,
protease sensitivity and
ca?* requirements for adhesion

COS cells were transfected with the indicated cDNA and

30 replated as described above. HL-60 cells were incubated in
RPMI 1640 medium at 37°C for two hours with either 0.25 U/ml
Clostridium perfringens neuraminidase (Type VI, Sigma, St.

Louis, MO), 50 mg/ml chymotrypsin or papain (Sigma), washed

twice, and the assay was performed as described in the Fig. 2

35 legend. Neuraminidase treatment of the HL-60 cells was
effective in eliminatiné all reactivity with the CSLEX1
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- 29-7 “An Asn Lys Ala Gu Ile Au Tyr Leu Gu Lys Thr Leu Pro

Phe Ser 85 90

95 Arg Ser Tyr Tyr Trp lle Ay Ile Arg Lys Ile Ay Ay lle
Trp Thr 100 _ 105

110 v 5 s Trp Val Ay Thr Asn Lys Ser Leu Thr Gu Gu Ala Qu Asn
Trp Ay 115 - 19 - 120 125
Asp Ay Qu Pro Asn Asn Lys Lys Asn Lys Qu Asp Cys Val Gu lle

130 anti-sLe* @#8H (data not shown)l40 In some groups, COS cells

were preincubated with either 5 ug/ml Gl mAb (a gift of Dr.
R.P. McEver) (Geng et al,. Nature 343:757-760 -(1990)), or
ascites fluid containing the LAM1-3 mAb (Spertini et al, J.
5. Immunol. 147:942-949 (1991)) diluted 1:200. To determine the
effect of EGTA, both the HL-60 cells and the COS cells were
washed in RPMI 1640 containing 2.5 mM EGTA, and this medium
was also used for the assay. No detachment of COS cells

occurred under these conditions. These results are
10 representative of at least four experiments.
Use

The adhesion of leukocytes to the endothelial wall of
blood wvessels and their infiltration into the surrounding
tissues contributes to inflammatidn of tissue at the cellular

15 level. Normally, the infiltrating leukocytes phagocytize
invading organisms or dead or damaged cells. However, in
pathologic inflammation, infiltrating leukocytes can cause
serious and sometimes deadly damage. Leukocyte-mediated
inflammation is involved in a number of human clinical

20 | manifestations, including the adult respiratory distress
syndrome, multi-organ failure and reperfusion injury.

Local administration of therapeutic agents antagonistic
to the function of the selectins can block competitively the
adhesive interactions between leukocytes and the endothelium

25 adjacent to an inflamed region. On a systemic 1level,
treatment of a patient in shock (e.g., from a serious injury)

-with an antagonist to selectin function can result in the
reduction of leukocyte migration and adhesion and the
subsequent dramatic recovery of the patient.

30 Chimeric peptides or polypeptides combining 1ligand
binding portions from within-the lectin and EGF domains of
two different selectins can be used for therapeutic treatment
to interfere in the binding of leukocytes at the site of
inflammation. Referring to Fig. 7, the close homology among

35 the lectin and EGF domains of L-, P- and E-selectin can be

This is the replacement sheet
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Tyrrie Lys Arg Asn Lys Asp Ala Ay Lys Trp Asn Asp Asp Ala Cys 10

145 150 155 160

Hi s Lys Leu Lys Ala Ala Leu Cys Tyr Thr Ala Ser Cys A n Pro Trp

165 170 175 - Ser Cys Ser Gy
Hs Gy Qu.Cys Val Gu lle Ile Asn Asn Tyr Thr

180 185 - 2020 15 Cys Asn Cys Asp
Val Ay Tyr Tyr Ay Pro Adn Cys @n Phe Val Ile 195
200 seen, and X¥e intron/exon &gh:@&ﬁ@h Pior Lene Gr‘ésﬂe%ﬁr\ﬁé Gu

523 &Y Thgdfds Aseﬁﬁ'f‘%%/‘?sﬂr%g LEr G F’ﬁr‘?e‘%sﬁ%’bhe‘%’r%’g& &h &k 'AI é’ “Phe

Ser Cys 20 Biol.Chem. 22266:2466 (1991); XSfhston et al., J.23Biol.

é48 oo Chem.265¢5158Y {ddod)Y #5tneCladll’ afl ¥nbtCofthd Ml Plhes
5 encoding L-selectin, disclosed herein. These chimeric agents

will offer more efficient targeting than using a single
function antagonist. Therapeutic agents of the invention can
also be used to block platelet or platelet and mononuclear
cell aggregation, thus preventing throbus formation.

10 The therapeutic peptides or polypeﬁtid_es can be composed
solely of the indicated portions of lectin or EGF domains or
they can include portions of any of the remaining domains
(SCR, . transmembrane or cytoplasmic), or the entire.
extracellular portion of a generic selectin molecule. The

15 peptides or polypeptides also can be joined to a carrier
protein (e.g., a soluble portion of an immundglobulin
molecule) to increase the serum half-life of the therapeutic
agent. Immunoglobulin chimera are easily purified through
standard immunochemistry procedures, including IgG-binding

20 protein A-Sepharose chromatography. The chimera have the
ability to form an immunoglobulin-like dimer with the
concomitant higher avidity and serum half-life.

CDNA sequences encoding the chimeric polypeptides can
be incorporated into replicable expression vectors and the

25 vectors transfected into an appropriate host to express the
encoded polypebtide. Stop codons can be incorporated into
the DNA sequences or any other chain termination method can
be used to prepare a soluble polypeptide. The expressed
polypeptide can be purified by ordinary techniques well known

30 to those of skill in the art, e.g., by affinity
chromatograhic methods.

Other agents can also be joined to the therapeutic
polypeptides to form a useful product. For example, the
ligand binding portions of the lectin and EGF domains of two

35 ' different selectins can be combined with the toxic portion
of a cytotoxin to produce a fusion protein. In addition, the

This is the replacement sheet
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245" 250 ' . 255 Phe Gy Asn Trp
‘Ser Ser Pro Qu Pro Thr Cys An Val Ile @n Cys '

260 265 : 270 25 A u Pro Leu Ser
Ala Pro Asp Leu Gy Ile Met Asn Cys Ser His Pro 275
280 : ; 285 Leu Ala Ser Phe Ser Phe Thr Ser Al a
Cys Thr Phe Ile Cys Ser Gu - 21 - 290 : 295

300 Gy Thr u Leu Ile Ay Lys Lys Lys Thr Ile Cys G u Ser

Ser Ay 30 selectin 3€fhimeric polypeptid&i0 may be coupled3lSto a

320 chemothdrbpddt ¥ affd BEC affye”vhidf &6 s iyR1tEHe00R1YYS

Ser Phe
335 bind teger cedils| | expyessingd Yhekp mespeatbve Lddgendsl| etpPro

Val Al a administer the drug 39 a site of ti¥bue damage or
.355O inflammation to treat, e.g., acute inflammation or
vasculitus. Such drugs may include, anti-inflammatory agenfs
or agents that provide regional relief from inflammatory
distress. Syndromes, diseases, and conditions that could be
treated by these agents would include, but not be limited to,
10 treating inflammation, microbial/parasitic infections, post-
reperfusion injury, leukemia, lymphoma, vasculitis,
- inhibition of the metastatic spread of tumor cells, organ
transplantation, or graft rejection. As is well known to
those of skill in the art, the fusion proteins can be
i5 transcribed from a hybrid cDNA molecule, or the agent may be
covalently bonded to the chimeric polypeptide by routine
procedures.
One method of imaging the sites of inflammation in a
patient involves detecting the expression of the L-selectin
20 ligand on the inflamed endothelium. The method includes
administering to a patient a pharmaceutical composition
consisting of a detectable amount of a labeled ligand binding
fragment of L-selectin, alone or joined to a carrier protein,
including a ligand binding portion of a different selectin
25 receptor, in a pharmaceutically acceptable carrier.
Sufficient time is allowed for the labeled polypeptide to
localize at the site of L-selectin ligand expression, unbound
polypeptide is permitted to clear from healthy tissue in the
patient, and signal generated by the label is detected and
30 converted into an image of the site of inflammation. The
amount of 1labeled ligand binding fragment of L-selectin
preferably would be from 1 pg/kg to 10 pg/kg although higher
or lower doses are possible depending on the imaging agent
label used and the sensitivity of the detection method.
35 - Some of the labels which can be detected externally from
within the body of a human patient include radionuclides,
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Val Met Val Thr Ala Phe Sér Gy Leu Ala Phe Ile Ile Trp Leu

: 355 360 365
Arg Leu Lys Lys Gy Lys Lys Ser Lys Arg Ser Met Asn Asp Pro
375 380 Tyr 40
- 22 -

radiopague labels, and paramagnetic isotopes. A radionuclide
for in vivo diagnosis should have a half-life long enough
that it is still detectable at the time of maximum uptake,
but short enough that after diagnosis unwanted radiation does

‘not remain in the patient. Coupling of radionuclides to

antibodies or proteins is well known in the art (see, e.g.,
Daddona et al., U.S. Pat. No. 5,026,537, the teachings of
which are incorporated by reference herein) and is often
accomplished either directly or indirectly using an
intermediary linking group. Examples of radioisotopes that
could be used for in vivo diagnosis are ¥Tc, %P1, By, UiIp,
YRu, %cu, 9ca, %ca, ™as, ¥zZr, and 2Ti, Paramagnetic
isotopes for purposes of in vivo diagnosis can also be used
according to the methods of this invention. Examples of
elements that are particularly'useful for use in magnefic
resonance energy techniques include “ed, %mMn, ’py, S%cr, and
%Fe. For radiopague imaging, the LAM-1 protein or ligand
binding fragment is coupled to an agent that produces an
opaque field at the site of inflammation upon X-ray imaging.

A ligand binding portion of the 1lectin or EGF-like
domains of various selectins can be experimentally determined
using this invention. In a typical procedure, fragments -of
the selectin cDNA can be fused with cDNA encoding a carrier
protein, such as immunoglobulin heavy chain or another non-
ligand binding portion of a different selectin. These
chimeric proteins can be expressed on the cell surface, or
as soluble molecules, and their ability to bind 1ligand
assessed. Further segregated fragments of the lectin or EGF-
like domain under study can be examined for their ability to
bind ligands, as well as their ability to inhibit the binding
of the parent selectin molecule to ligand.

Any of the peptides or polypeptides of the invention
comprising lectin and EGF ligand binding portions from two
different selectin molecules (including portions of any of
the remaining domains (SCR, transmembrane or cytoplasic) of
a generic selectin molecule or including a carrier protein)
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- 30 - © (2) | NFORMATI ON FOR SEQ | D°NO 3:

(i) SEQUENCE CHARACTERI STI Cs: (A) LENGTH: 1192 base
pairs (B) TYPE: nucleic acid 5

(C) STRANDEDNESS: single (D TOPOLOGY: |inear

(i1) MOLECULE TYPE: DNA (genomic) (iii) HYPOTHETI CAL: NO
(iv) ANTI-SENSE: YES 10 =(®B)-SEQUENCE DESCRI PTION: SEQ I D
NG 3: AGAGAGCTGT TATAAAGATT AAACAATATA ATAAATATGG CGCGTGAGCT

TCAGAGTTTT camgpbe used to screen for antagonists of lectin or EGF
function individually or for agents that can simultaneously
antagonize the functions of the lectin and EGF domain of
different selectins. This invention will allow the

5 development of phal;:macolog_ic reagent:_s composed of peptidés,
carbohydrate moieties, RNAs or other small molecules which
may mimic the ligand of the lectin or EGF domains of the
selectins or may mimic the ligand-binding epitopes of the

- respective selectin domains and thus be useful therapeutic

10 agents.

In another therapeutic method, chimeric selectin
polypeptides can be used in combination therapy with any
other selectin or any other cell surface molecule, or soluble
fragments thereof, involved in adhesion of leukocytes to

15 endothelial surfaces. In addition, antagonists to any of the
above receptors or receptor portions (or mAb reactive to the
receptors or receptor portions) can be used in the above
‘combinations or as independent antagonist combinations for

_ treatment of a patient. Examples include ICAM-1, VCAM-1,

20 VLA-4, CD18, CDlla, CD11lb and CD31, and the mAb reactive with
them.

The therapeutic agents may be administered orally,
topically, or parenterally, (e.qg., intranasally,
subcutaneously, intramuscularly, intravenously, or intra-

25 arterially) by routine methods in pharmaceutically acceptable
inert carrier substances. Optimal dosage aﬁd modes of
administration can readily be determined by conventional
protocols. ) '

The lyam-1 gene itself or portions thereof can be used

30 to construct chimeric selectins. Thhe gene can also be used
in genetic therapy. Individuals having a genetic defect in
the Iyam~1 gene would be unable to produce a fully active L-
selectin leukocyte "homing" receptor and thus would be unable
to mobilize sufficient leukocytes to a site of inflammation.

35 ' Individuals suspected of having a congenital defect in the

lyam-1 gene could be screened for this genetic disorder using
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TGTTGITGTT
TCACATCAGT GGGTCTTCCT TTTTATTGTC CTTCATCATA TGGGTCCTAA TTTCACATGC 180
AGTCTTATAA AACCATCTCA TTTTATAGTC CAAGAATATT AAAGGTACTT -GTAGGCTCCC 240
AAACCTACAC GGTGAAAAGC TAGAGAGCAT GGGCTCTCTT CAGGGGTTAA CTTCAGGAAG 300
TGOCACFAAC AAGGACGTCC ACTAGGTGGT ‘GAGCAAGGAA AGACGGAGGT GAAGGAACCG 360
AAACGAGTCA AGTCCACTGC TTAGCTCTAC TGAAGTRATG CAAACATCAT AAATATGTCT 420
GAAATGCAGT
AAGAGTTAGT FHEERReRCe ERPER el Aeeer ethnGEreatmenty
AGGAGAGAGT GPASEAGBARIGATMIAITAR DEANGEAGAG AN PEANGE SABARGAAEIYYy 620

GTAGAAGAAG ﬁ%%e%%é@%@%. GAACAGCAAC AACAATGAGT 660 -

10

15

5

ATTATTATTT TCCTAAAAAT GCAAATCTGA TTTGCATTTG ACTCATTGAC 120

TTTGATTTGI AGTATTTGCA, ATTTCCAAGG GCCATTTACC ACAGGTAGCC 480

The normal regulation of the lyam-1 gene, as evidenced
by the appearance and disappearance of L-~selectin on the

‘surface of a specific leukocyte sub-population can be

monitored to test the effects of drugs or specific therapies
that would alter gene expression.

While the present invention has been described in
conjunction with a preferred embodiment, one of ordinary
skill, after reading the foregoing specification, will be
able to effect various changes, substitutions of equivalents,
and other alterations to the compositions and methods set
forth herein. It is therefore intended that the protection
granted by Letters Patent hereon be limited only by the

definitions contained in the appended claims and equivalents
thereof.
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GAAGGAGGAG GAGGGTAAGG AAAGATGCAT AGGAGAATGG AAGGAAGGAT AGAAAGGAGG 720
GAAGGAAGAG AGAATCTAGT CACATTACTT TCTGATCAGC AGITCATTTT TGICTCAGIG 780
GGAGGCAATA GAGGCCAGIC TAGGAAAGGG GIGGGGAAAG AGGAAAGAGA AGTGCAGGAG 840 25
GAAGGGGAGG CCCAAGGGGA GCGAGGAGGAG GATGTGAGAC TGGGITAGAG AAATGAAAGA 900
AAGCAAGCCT TTCTGTITGAC ATTCAGIGCA GICTACCTGC AGCACAGCAC ACTCCCTTTG 960
GGCAAGGACC TGAGACCCTT GIGCTAAGIC AAGAGS(TLA ATGGECTGCA GAAGAACTAG 1020
AGAAGGACCA AGCAAAGCCA TGGTGAGCCT TTCAGCCTAA AAGACGTTTA GATGCTCAGA 1080
TAGAAACTCT TGGGGTTGTA GAGGCAGGTG (GERHENETALTINATCACCCC ATTTCAATTC 1140 30
TGGITTTAAA TAATATAGAA ACTAAACATT TTCTCAGACC CTCAAAAAAA GT . 1192

(1) GENERAL INFORMATION:

(i) APPLICANT: Tedder, Thomas F.
Ransas, Geoffrey S.

5 (ii) TITLE OF INVENTION: CHIMERIC SELECTINS AS SIMULTANEOUS
BLOCKING AGENTS FOR COMPONENT SELECTIN FUNCTION

(iii) NUMBER OF SEQUENCES: 11

(iv) CORRESPONDENCE ADDRESS:
10 (A) ADDRESSEE: Weingarten, Schurgin, Gagnebin & Hayes
(B) STREET: Ten Post Office Square
(C) CITY: Boston
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15 (F) 2IP: 02109

{v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
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(C) OPERATING SYSTEM: PC-DOS/MS-DOS
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- 31 . (2) | NFORMATI ON FOR SEQ I D NQO 4: -

(i) SEQUENCE CHARACTERI STI Cs: (A) LENGTH:. 363 base
pairs (B) TYPE: nucleic acid 5

(C) STRANDEDNESS: single (D TOPOLOGY: |inear

- 26 =
{(ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: (617) 542-2290
(B) TELEFAX: (617) 451-0313
{C) TELEX: 940675
5 (2) INFORMATION FOR SEQ ID Nq: 1:
(i) ' SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 2330 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
10 (D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
(ix) FEATURE:

15 (A) NAME/KEY: CDS
(B) LOCATION: 53..1210

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:

GAATTCCCTT TGGGCAAGGA CCIGAGACCC TTGTGCTAAG TCAAGAGGCT CA ATG §5
' Met

20 : b

GGC TGC AGA AGA ACT AGA GAA GGA CCA AGC AAA GCC ATG ATA TTT CCA 103

Gly Cys Arg Arg Thr Arg Glu Gly Pro Ser Lys Ala Met Ile Phe Pro

5 10 1s

TGG AAA TGT CAG AGC ACC CAG AGG GAC TTA TGG AAC ATC TTC AAG TTG 151

25 Trp Lys Cys Gln Ser Thr Gln Arg Asp Leu Trp Asn Ile Phe Lys Leu
20 25 30
TGG GGG TGG ACA ATG CTC TGT TGT GAT TTC CTG GCA CAT CAT GGA ACC 199
Trp Gly Trp Thr Met Leu Cys Cys Asp Phe Leu Ala His His Gly Thr
35 40 45

30 GAC TGC TGG ACT TAC CAT TAT TCT GAA ARA CCC ATG AAC TGG CAA AGG 247

Asp Cys Trp Thr Tyr His Tyr Ser Glu Lys Pro Met Asn Trp Gln Arg

50 55 60 65

GCT ACA AGA TTC TGC CGA GAC AAT TAC ACA GAT TTA GTT GCC ATA CAA 295

Ala Arg Arg Phe Cys Arg Asp Asn Tyr Thr Asp Leu Val Ala Ile Gln
35 70 75 80

ARC ARG GCG GAA ATT GAG TAT CTG GAG AAG ACT CTG CCT TTC AGT CGT 343

Asn Lys Ala Glu Ile Glu Tyr Leu Glu Lys Thr Leu Pro Phe Ser Arg

85 90 95

TCT TAC TAC TGG ATA GGA ATC CGG AAG ATA GGA GGA ATA TGG ACG TGG 391

40 Ser Tyr Tyr Trp Ile Gly Ile Arg Lys Ile Gly Gly Ile Trp Thr Trp
100 105 110
GTG GGA ACC AAC AAR TCT CTC ACT GAAR GAA GCA GAG AAC TGG GGA GAT 439
Val Gly Thr Asn Lys Ser Leu Thr Glu Glu Ala Glu Asn Trp Gly Asp
115 120 125

This is the replacement sheet
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(ii) “MOLECULE TYPE: DNA (genonic) : (iii) HYPOTHETI CAL: NO

(1v) ANTI - SENSE: NO 10 (xi ) SEQUENCE DESCRI PTION: SEQ I D
NG 4: CACTGAGACT AAGCGTAAAA TAAATAGAAC AAACAAACTG TGCATCAGIT
CTGATGTAAA 60 TTTGAAGTAA TTTTCATCTA TGICTGAGAA ACCTGITACC
TCAGACAGEG TTAGTAGACA 120 TATGTGITTT ATTCTGATTA TTAAGAAAGT
TGTAAGCACC ACCTCAAAGG CTATAAATGT 189 27 - GIGGITTAAG GGTATACATC
TAAATATAAT TTTGIATTTC ATT IEGCAGATGATTTCCATC—ZGG 240 15 G AT T AAATG;I'SCAGA
GCACCCAGAG A 9je 7
CTCTGTTGTG Q3@ GITATG A A A T GR§T 360
ATC AAG AGA AAC AAA GAT GCA GGC AAA TGG AAC GAT GAC GCC TGC CAC 535
5 Ile Lys Arg Asn Lys Asp Ala Gly Lys Trp Asn Asp Asp Ala Cys His .
. 150 155 160
AAA CTA AAG GCA GCC CTC TGT TAC ACA GCT TCT TGC CAG CCC TGG TCA 583
Lys Leu Lys Ala Ala Leu Cys Tyr Thr Ala Ser Cys Gln Pro Trp Ser
165 170 175
10 TGC AGT GGC CAT GGA GAA TGT GTA GAA ETC ATC AAT AAT TAC ACC TGC 631
Cys Ser Gly His Gly Glu Cys Val Glu Ile Ile Asn Asn Tyr Thr Cys
180 185 _ 190
AAC TGT GAT GTG GGG TAC TAT GGG CCC CAG TGT CAG TTT GTG ATT CAG 679
Asn Cys Asp Val Gly Tyr Tyr Gly Pro Gln Cys Gln Phe Val Ile Gln :
15 195 200 205
TGT GAG CCT TTG GAG GCC CCA GAG CTG GGT ACC ATG GAC TGT ACT CAC 727
Cys Glu Pro Leu Glu Ala Pro Glu Leu Gly Thr Met Asp Cys Thr His
210 215 220 . 225
CCT TTG GGA AAC TTC AAC TTC ARC TCA CAG TGT GCC TTC AGC TGC TCT 775
20 Pro Leu Gly Asn Phe Asn Phe Asn Ser Gln Cys Ala Phe Ser Cys Ser
230 235 240
GAA GGA ACA AAC TTA ACT GGG ATT GAA GAA ACC ACC TGT GAA CCA TTT . 823
Glu Gly Thr Asn Leu Thr Gly Ile Glu Glu Thr Thr Cys Glu Pro Phe
245 250 255
25 GGA AAC TGG TCA TCT CCA GAA CCA ACC TGT CAA GTG ATT CAG TGT GAG 871
Gly Asn Trp Ser Ser Pro Glu Pro Thr Cys Gln Val Ile Gln Cys Glu
260 265 270
CCT CTA TCA GCA CCA GAT TTG GGG ATC ATG AAC TGT AGC CAT CCC CTG 819
Pro Leu Ser Ala Pro Asp Leu Gly Ile Met Asn Cys Ser His Pro Leu
30 275 280 285 '
GCC AGC TTC AGC TTT ACC TCT GCA TGT ACC ;I‘TC ATC TGC TCA GAA GGaA 967
Ala Ser Phe Ser Phe Thr Ser Ala Cys Thr Phe Ile Cys Ser Glu Gly
290 295 300 305
ACT GAG TTA ATT GGG AAG AAG AAR ACC ATT TGT GAA TCA TCT GGA ATC 1015°
35 Thr Glu Leu Ile Gly Lys Lys Lys Thr Ile Cys Glu Ser Ser Gly Ile
310 315 320
TGG TCA AAT CCT AGT CCA ATA TGT CAA AAA TTG GAC AARA AGT TTC TCA 1063
Trp Ser Asn Pro Ser Pro Ile Cys Gln Lys Leu Asp Lys Ser Phe Ser
325 330 335
40 ATG ATT AAG GAG GGT GAT TAT AAC CCC CTC TTC ATT CCA GTG GCA GTC 1111
Met Ile Lys Glu Gly Asp Tyr Asn Pro Leu Phe Ile Pro Val Ala Val
340 345 350
ATG GTT ACT GCA TTC TCT GGG TTG GCA TTT ATC ATT TGG CTG GCA AGG 1159
Met Val Thr Ala Phe Ser Gly Leu Ala Phe Ile Ile Trp Leu Ala Arg
45 355 360 365
AGA TTA AAR ARR GGC AAG ARA TCC AAG AGA AGT ATG AAT GAC CCA TAT - 1207
Arg Leu Lys Lys Gly Lys Lys Ser Lys Arg Ser Met Asn Asp Pro Tyr
370 375 380 385
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TTT - : 363

65 70 75 80

(2) I NFORVATI ON FOR SEQ I D NGO 5 (1) SEQUENCE
CHARACTERI STI CS: 20 : (A) LENGTH: 531 base pairs
(B) TYPE: nucleic acid (C) STRANDEDNESS: single
(D TOPOLOGY: |inear (| |) MOLECULE TYPE' DNA (genomi c)
25 . (i11) HYPOTHETI CAL: “NO™ (1v) ANTI - SENSE:
& g e T Rt
T 1262
CTGGAGTAGT G AT T AR %%
CCTTCCATGA ARCGTTTIGT GTGGTGGCAC CTCCTACGTC AAACATGAAG TGTGTTTCCT 1327
TCAGTGCATC TGGGAAGATT TCTACCTIGAC CAACAGTTCC TTCAGCTITCC ATTTCACCCC 1387
- TCATTTATCC CTCAACCCCC AGCCCACAGG TGTTTATACA GCTCAGCTTT TTGTCTTIITC 1447
5 TGAGGAGAAA CAAATAAGAC CATARAGGGA AAGGATTCAT GTGGAATATA AAGATGGCTG .1507
ACTTTGCTCT TTCTTGACTC TTIGTTTTCAG TTTCAATTCA GTGCITGTACT TGATGACAGA 1567
CACTTCTAAA TGARGTGCAA ATTTGATACA TATGTGAATA TGGACTCAGT TTTCTTGCAG 1627
ATCARATTTC GCGTCGTCTT CTGTATACGT GGAGGTACAC TCTATGAAGT CARAAGTCTA 1687
CGCTCTCCTT TCTTTCTAAC TCCAGTGAAG TAATGGGGTC CTGCTCAAGT TGAAAGAGTIC 1747
10 CTATTTGCAC TGTAGCCTCG CCGTCTGTGA~ATTGGACCAT CCTATTTAAC TGGCTTCAGC 1807
CTCCCCACCT TCTTCAGCCA CCTCTCITTT TCAGTTGGCT GACTTCCACA CCTAGCATCT 1867
CATGAGTGCC AAGCAAAAGG AGAGAAGAGA GAAATAGCCT GCGCTGTTTT TTAGTTTGGG 1927
GGTTTTGCTG TTTCCTTITTA TGAGACCCAT TCCTATTTCT TATAGTCAAT GTTTCTTTTA 1987
TCACGATATT ATTAGTAAGA AAACATCACT GAAATGCTAG CTGCAACTGA CATCTICTTTIG 2047
15 ATGTCATATG GAAGAGTTAA AACAGGTGGA GRAATTCCTIT GATTCACAAT GAAATGCTCT 2107
CCTTTCCCCT GCCCCCAGAC CTTTTATCCA CTTACCTAGA TTCTACATAT TCTTTAAATT 2167
TCATCTCAGG CCTCCCTCAA CCCCACCACT TCTTTTATAR CTAGTCCTTT ACTAATCCAA 2227
CCCATGATGA GCTCCTCTIC CTGGCTTCTT ACTGARAGGT TACCCTGTAR CATGCAATTT 2287
TGCATTTGAA TAAAGCCTGC TTTTTAAGTG TTAAARAAGAA TTC 2330
20 {2) INFORMATION FOR SEQ ID NO:2:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 385 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
25 (ii) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:
Met Gly Cys Arg Arg Thr Arg Glu Gly Pro Ser Lys Ala Met Ile Phe ’
1 5 10 15
Pro Trp Lys Cys Gln Ser Thr Gln Arg Asp Leu Trp Asn Ile Phe Lys
30 20 25 30
Leu Trp Gly Trp Thr Met Leu Cys Cys Asp Phe Leu Ala His His Gly
35 40 45
Thr Asp Cys Trp Thr Tyr His Tyr Ser Glu Lys Pro Met Asn Trp Gln
50 55 60
35 Arg Ala Arg Arg Phe Cys Arg Asp Asn Tyr Thr Asp Leu Val Ala Ile
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GATC§T CTTGC AGATTTCCTG GCACATCATG GAACCGACTG CTGGACTTAC CATTATTCTG 120

30 - AAAAACCCAT GAACTGGCAA AGGGCTAGAA GATTCTGCCG AGACAATTAC
ACAGATTTAG 180 TTGCCATACA AAACAAGECG GAAATTGAGT ATCTGGAGAA
GACTCTGCCT TTCAGICGIT 240 CTTACTACTG GATAGGAATC CGGAAGATAG
GAGGAATATG GACGTGGGTG GGAACCAACA 300 AATCTCTCAC TGAAGAAGCA
GAGAACTGGEG GAGATGGTGA GCCCAACAAC AAGAAGAEA- 360 : AGGAGGACTG
CGTGGAGATC TATATCAAGA. GAAACAAAGA TGCAGGCAAA TGGAACGATG 420 35
ACGCCTGCCA EHnACT ARG AERXUCETE RIS TIRCASAGIU TIGETAGTIE, EAAGAEGRST 480

ATGCTGCCTC AGACTCAGGA AGGECACGG TTAAGAGAAPOACTCAGATTT A 95 531
Arg Ser Tyr Tyr Trp Ile Gly Ile Arg Lys Ile Gly Gly Ile Txp Thr
100 105 110
5 Trp Val Gly Thr Asn Lys Ser Leu Thr Glu Glu Ala Glu Asn Trp Gly
115 120 ’ 125 |

Asp Gly Glu Pro Asn Asn Lys Lys Asn Lys Glu Asp Cys Val Glu Ile
130 13§ 140

Tyr Ile Lys Arg Asn Lys Asp Ala Gly Lys Trp Asn Asp Asp Ala Cys
10 145 150 158 160

His Lys Leu Lys Ala Ala Leu Cys Tyr Thr Ala Ser Cys Gln Pro Trp
165 170 17s

Ser Cys Ser Gly His Gly Glu Cys val Glu Ile Ile Asn Asn Tyr Thr
180 185 150

15 Cys Asn Cys Asp Val Gly Tyr Tyr Gly Pro Gln Cys Gln Phe Val Ile
195 200 205 '

Gln Cys Glu Pro Leu Glu Ala Pro Glu Leu Gly Thr Met Asp Cys Thr
210 215 220

His Pro Leu Gly Asn Phe Asn Phe Asn Ser Gln Cys Ala Phe Ser Cys
20 225 230 235 . 240

Ser Glu Gly Thr Asn Leu Thr Gly Ile Glu Glu Thr Thr Cys Glu Pro
245 250 255

Phe Gly Asn Trp Ser Ser Pro Glu Pro Thr Cys Gln Val Ile Gln Cys
260 265 - 270

25 Glu Pro Leu Ser Ala Pro Asp Leu Gly Ile Met Asn Cys Ser His Pro
278 280 285

Leu Ala Ser Phe Ser Phe Thr Ser Ala Cys Thr Phe Ile Cys ser Glu
290 295 300

Gly Thr Glu Leu Ile Gly Lys Lys Lys Thr Ile Cys Glu Ser Ser Gly
30 305 310 315 320

Ile Trp Ser Asn Pro Ser Pro Ile Cys Gln Lys Leu Asp Lys Ser Phe
325 330 335

Ser Met Ile Lys Glu Gly Asp Tyr Asn Pro Leu Phe Ile Pro Val BAla
340 345 350

35 Val Met Val Thr Ala Phe Ser Gly Leu Ala Phe Ile Ile Trp Leu Ala
3558 360 365

Arg Arg Leu Lys Lys Gly lLys Lys Ser Lys Arg Ser Met Asn Asp Pro
370 375 380

Tyr
40 385
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- 327 (2) | NFORMATI ON FOR SEQ I D NO 6:

(i) SEQUENCE CHARACTERI STI CS: (A) LENGTH 832 base
pairs (B) TYPE: nucleic acid 5 - _
(C) STRANDEDNESS: single (D TOPOLOGY: |inear

(i1) MOLECULE TYPE: DNA (genom c)
- 30 -

(2) INFORMATION FOR SEQ ID NO:3:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1192 base pairs
{B) TYPE: nucleic acid
5 (C) STRANDEDNESS: single
: {D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iv) ANTI—_SENSE: YES
10 {xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:
AGAGAGCTGT TATAARAGATT AAACAATATA ATAAATATGG CGCGTGAGCT TCAGAGTTTT €0
TGTTGTITGTT ATTATTATTT TCCTAARAAAT GCAAATCTGA TTTGCATTTG ACTCATTGAC 120
TCACATCAGT GGGTCTTCCT TTTTATTGTC CTTCATCATA TGGGTCCTAA TTTCACATGC 180
AGTCTITATAA AACCATCTCA TTTTATAGTC CAARGAATATT AAAGGTACTT GTAGGCTCCC 240
15 ARACCTACAC GGTGAAAAGC TAGAGAGCAT GGGCTCTCTT CAGGGGTTAA CTTCAGGAAG 300
TGCCACTAAC AAGGACGTCC ACTAGGTGGT GAGCAAGGAA AGACGGAGGT GAAGGAACCG 360
ARACGAGTCA AGTCCACTGC TTAGCTCTAC TGAAGTTTTG CAAACATCAT AAATATGTCT 420
GAAATGCAGT TTTGATTTGT AGTATITGCA ATTTCCAAGG GCCATTTACC ACAGGTAGCC 480
AAGAGTTAGT TTAGCATTTA TGAAAAAGAT AGGGGAGGGT GGTGGTTAAG AARGGAGGTGG 540
20 AGGAGAGAGT GAAGGAGGAA GAGGAGAACA AGAACCAAAC AAAAACAAGA ACAAGAACAA 600
GTAGRAGAAG AGGAGCAGGG AGGAARAARGA AGAGGAAGAA GAACAGCAAC AACAATGAGT 660
GAAGGAGGAG GAGGGTAAGG AAAGATGCAT AGGAGAATGG AAGGAAGGAT AGAAAGGAGG 720
GAAGGAAGAG AGAA‘i'CTAGT CACATTACTT TCTGATCAGC AGTTCATTTT TGTCTCAGTG 780
GGAGGCAATA GAGGCCAGTC TAGGAAAGGG GTGGGGAARG AGGAAAGAGA AGTGCAGGAG 840
25 GAAGGGGAGG CCCAAGGGGA GGAGGAGGAG GATGTGAGAC TGGGTTAGAG AAATGARAGA 900
AAGCRAGGCT TTCTGTTGAC ATTCAGTGCA GTCTACCTGC AGCACAGCAC ACTCCCTTTG 960
GGCARGGACC TGAGACCCTT GTGCTARGTC AAGAGGCTCA ATGGGCTGCA GAAGAACTAG 1020
AGAAGGACCA AGCAAAGCCA TGGTGAGCCT TTCAGCCTAA AAGACGTTTA GATGCTCAGA 1080
TAGAAACTCT TGGGGTTGTA GAGGCAGGIG GCARGGATAG GAATCACCCC ATTTCAATTC 1140

30 TGGTTTTAAR TAATATAGAA ACTAAACATT TTCTCAGACC CTCAAAAARA GT 1192
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(iii%~HYPOTHETI CAL: NO (iv) ANTI-SENSE: NO 10 :
(xi) SEQUENCE DESCRI PTION: SEQ I D NQO 6: AAAATTTTAG CCATATGATT
TTTATGCTAT GAATTTACCA AATAAACCTT TCCTGATTAT 60 TTAAATCATC
TCAGACAAAA GGTTATCTAT GTCTAAAGAA ATGACTTTGA GTACTAAAAT 120
GTAATCACAT TFAAAATATTT TTTTTCTGAC CTCCTTAAAG CTTCTTGCCA GCCCTGGTCA 180
TGCAGTGGCC ATGGAGAATG TGTAGAAATC ATCAATAATT ACACCTGCAA CTGTGATGTG 240
15 GGGTACTATG GGCCCCAGTG TCAGTTTGGT AAGTCTCTTT CCTTTCTTTG
CTTCTTCTTA (2) BWEPRMATION FOR SEQ IBPASAGTCA CAGGAATCAT TATAGCTTAT CATGAAGCTG

GTTGGAACAA AATGé;A 3 crsrrcs,  COCACTCTGA GAAATGGGAA GTTTTGATCA
GAAAGCTCTG CTTT , ; baseﬁgi;,_.s .

{B) TYPE: nucleic acid
5 {C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{(ii) MOLECULE TYPE: DNA (genomic) . ‘o
(iii) HYPOTHETICAL: NO '
{(iv) ANTI-SENSE: NO
10 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:
CACTGAGACT AAGCGTAAAA TAAATAGAAC AAACAAACTG TGCATCAGTT CTGATGTAAA 60
TTTGAAGTAA TTTTCATCTA TGTCTGAGAA ACCTGTTACC TCAGACAGGG TTAGTAGACA 120
TATGTGTITT ATTCTGATTA TTAAGAAAGT TGTAAGCACC ACCTCAAAGG CTATAAATGT 180
GIGGTTTAAG GGTATACATC TAAATATAAT TTTGTATTTC ATTTGCAGAT ATTTCCATGG 240
i5 AAATGTCAGA GCACCCAGAG GGACTTATGG AACATCTTCA AGTTGTGGGG GTGGACAATG 300
CICTIGTTGTG GTATGTTATG ATATTTATAT ATCACTAAGT CTATTTTACT TATATTCATT 360
TTT . 3863
(2) INFORMATION FOR SEQ ID NO:5:
(i) SEQUENCE CHARACTERISTICS:
20 (A) LENGTH: 531 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
25 (iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:

CTGGAGTAGT GCTAGGTTCT TTTTAGCTGT AACATTATGT AAGTCTGCAT AGGTCACACT 60
GATGTCTTGC AGATTTCCTG GCACATCATG GAACCGACTG CTGGACTTAC CATTATTCTG 120
30 ARRAACCCAT GAACTGGCAA AGGGCTAGAA GATTCTGCCG AGACAATTAC ACAGATTTAG 180
TTGCCATACA AAACRAGGCG GAAATTGAGT ATCTGGAGAR GACTCTGCCT TTCAGTCGTT 240
CTTACTACTG GATAGGAATC CGGAAGATAG GAGGAATATG GACGTGGGTG GGAACCAACA 300
A{\TCTCTCAC TGAAGAAGCA GAGAACTGGG GAGATGGTGA GCCCAACAAC AAGAAGAACA 360
AGGAGGACTG CGTGGAGATC TATATCAAGA GARACAAAGA TGCAGGCAAR TGGAACGATG 420
35 ACGCCTGCCA CARACTAAAG GCAGCCCTCT GTTACACAGG TAGGGAGTGA CAAGACGGCT 480 -
ATGCTGCCTC AGACTCAGGA AGGGCCACGG TTAAGAGAAT ACTCAGATTT A 531

B e e o i s
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.liAAAG ATTTCATAAG -TCAGCATGAA GTTTCGATTC ACTTCTCAAC AAGICTTTTT 480
GAGTACCACA AGAAGCACAG TGITGGGATA AAGCTGTCAG GGTTACAATA AGGAATTAGC 540

20 ATGGTAGATT CCOGCTCTCA AGAAGCTCAC GATCTAATGA GCTTGTTAGA
TTAATTAGAA 600 CTCTAAGGTC TGGAAGAAAC TATGCCATTT ATCATTAGGA
GGCTGAGTTA CCCAGAAAGT 660 ATCTTGCTTT TTCCTTCTAG TAGTTCCTTT
CCTTCTTGCA GTTCTCCACA CTTAACACAT  72Q 3, - GTGCTCTGTA GCACACTGAC
TTTGCTGGTG GCCTTCTCTC TCATTTTGCA CATGGOCAAA 780 AAACATGTCA
TCTTTAAGAC AZY GRFGRGAIGAGAETIRCED TGEACGGAAGC TT 0 %az CES

(2) | NFORMATI ON F 1D NQ 7 . i) SEQUENG

CHARACTERI STI cs:‘i91‘2’%?%3&53?"22?{}22?;211(@ LENGTH. 712 base pairs

(B) TYPE: nucleic acfsj TYPE: nucleic acid
-5 (C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii). MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
10 (x1) SEQUENCE DESCRIPTION: SEQ ID NO:6:
ARAATTTTAG CCATATGATT TTTATGCTAT GAATTTACCA AATAAACCTT TCCTGATTAT 60
TTAAATCATC TCAGACAAAA GGTTATCTAT GTCTAAAGAA ATGACTTTGA GTACTAAAAT 120
GTAARTCACAT TAAAATATTT TTTTITCTGAC CTCCTTAAAG CTTCTTGCCA GCCCTGGTCA 180
TGCAGTGGCC ATGGAGAATG TGTAGAAATC ATCAATAATT ACACCTGCAA CTGTGATGTG 240
15 GGGTACTATG GGCCCCAGTG TCAGTTTGGT AAGTCTCTTT CCTTTCTTTG CTTCTTCTTA 300
GGTARAGTCA CAGGAATCAT TATAGCTTAT CATGAAGCTG GTTGGAACAA AATGATACTA 360
GCCACTCTGA GAAATGGGAA GTTTTGATCA GAAAGCTCTG CTTTCACAAT ATTGTTACCT 420
TTCCGTARARG ATTTCATAAG TCAGCATGAA GTTTCGATTC ACTTCTCAARC AAGTCTTTTT 480
GAGTACCACA AGAAGCACAG TGTTGGGATA AAGCTGTCAG GGTTACAATA AGGAATTAGC 540
20 ATGGTAGATT CCCGCTCTCA AGAAGCTCAC GATCTAATGA GCTTGTTAGA TTAATTAGAA 600
CTCTAAGGTC TGGAAGAAAC TATGCCATTT ATCATTAGGA GGCTGAGTTA CCCAGAAAGT 660
ATCTTGCTITT TTCCTTCTAG TAGTTCCTTT CCTTCTTGCA GTTCTCCACA CTTAACACAT 720
GTGCTCTGTA GCACACTGAC TTTGCTGGTG GCCTTCTCTC TCATTTTGCA CATGGCCARA 780
AAACATGTCA TCTTTAAGAC ATTGTTCAAA GACAGTTTCT TCTAGGAAGC TT 832
25 (2) INFORMATION FOR SEQ ID NO:7:
(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 712 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
30 (D) TOPOLOGY: linear
" (ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
{iv) ANTI-SENSE: NO
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:
35 : CTCTGATGTG ATAGTTATTT CCCGACTAAG CTGGTCATTC CCAGTTACAC CTATTTGGCT 60
TTAAGGATTC TCACTACAGA TAATACTGAA GATAATAATA TGAAGACTAG CTAATGTTTA 120

CITAGARTTT CTGATGAGTC AGGCTTTGTT CTAACGTCCT TGACTTATGC TAATTGAATT 180
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(O STRANDEDNESS: single 30 . (D) TOPOLOGY: [:i near
"¢ii) MOLECULE TYPE: DNA (genoni c) (iif) HYPOTHETI CAL: NO
(1v) ANTI-SENSE: NO (xi) SEQUENCE DESCRI PTION: SEQ I D
NO 7: 35 CTCTGATGIG ATAGITATTT CCCGACTAAG CTGGTCATTC CCAGITACAC
CTATTTGET * 60 TTAAGGATTC TCACTACAGA TAATACTGAA GATAATAATA
TGAAGACTAG CTAATGITTA 120 - 33 CTTAGAATTT CTGATGAGTC AGCCTTTGIT
CTAACGICCT TGACTTATGC TAATTGAATT 180

ACATTTAGTT TCCATATCAA TTTGATAAAG ATAACACAAT TTCATTATTC CTCTTATATA 240

GATGAAGAAA CTGAAGTTGG AGGGTTCAAG TAACCTTGTIT TAAAGGCACA TGGTTATCAA 300
GTGGCAGGGC TAGGATTCAA ATCCAGGCGT CAGTTCCTCT TAACTCTTCC CCATACTGTT 369 .
TCITTCCCTA TTGAAGTGAT TCAGTGTGAG CCTTTGGAGG CCCCAGAGCT 'GGGTACCATG 420
5 GACTGTACTC ACCCTTTGGG ARACTTCAGC TTCAGCTCAC AGTGTGCCTT CAGCTGCTC’I; 486
GRAAGGAACAA ACTTAACTGG GATTGAAGAA.ACCA_CCTGTG GACCATTTGG ARACTGGTCA = 540
TCTICCAGARAC CAACCTGTCA AGGTGAGTAA CTTCAGACTA GAGGTTTTGT CATGCAATCC 600
TGGGCTTACA GTCAGAACAT TCAGTAGAAG TTTGCTGAGA AGTCAAACTT AGGATCCTAA 660
TTTAACCTAA CTITTTGTITTA ACCTACTGTG ATGTTTCTCA AAGGACTTAT TC 712
10 {(2) INFORMATION FOR SEQ ID NO:8:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 451 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
15 (D) TOPOLOGY: linear
{ii) MOLECULE TYPE: DNA (genomic)
{iii) HYPOTHETICAL: NO
{iv) ANTI-SENSE: NO
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:
20 GAGGGTCACC TTAGCTAGGG CAGCAGCCTG GAGTAGCTAC TCCTCTCCCC ACAGCTITTCA 60
ATGCTTCCTT GCCTTCATCT CTCA’I‘TCAC; ACCCACCATC ATTCTCAAGA AAATAAAGCC 120

TGGAAGCAAT ATCACAAGTA ATGTAGTCAG GCAGCTTTGG CTAAARATCC AAAGCTCAAG 180

GGAGGGTCTC TACTCAGAAA TACTGTTTTG TCTTTTTTTT TTTTTCTTTT TCATTGAAGT 240
GATTCAGTGT GAGCCTCTAT CAGCACCAGA TTTGGGGATC ATGAACTGTA GCCATCCCCT 300
25 i GGCCAGCTTC AGCTTTACCT CTGCATGTAC CTTCATCTGC TCAGAAGGAA CTGAGTTAAT 360
TGGGAAGAAG AAAACCATTT GTGAATCATC TGGAATCIGG TCARAATCCTA GTCCAATATG 420

TCAARGTGAG TAAGTTTGTC CIGGRACTGA A . 451
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- 33{;; ACATTTAGIT TCCATATCAA TTTGATAAAG ATAACACAAT TTEATTATTC
CTCTTATATA 240 GATGAAGAAA CTGAAGITGG AGGGTITCAAG TAACCTTGIT
TAAAGGCACA TGGITATCAA 300 GIGGCAGGGC TAGGATTCAA ATCCAGECGT
CAGITCCTCT TAACTCTTCC CCATACTGIT 360 ' TCTTTCCCTA TTGAAGTGAT
TCAGTGTEAG CCTTTGGAGG CCCCAGAGCT GGGTACCATG 420 5 - GACTGTACTC
ACCCTTTGEG AAACTTCAGC TTCAGCTCAC AGTGTCCG,T  CAGCTCCTCT 480
(2) INFORMATION FOR SEQ ID NO:9:
(i) SEQUENCE CHARACTERISTICS:
(R) LENGTH: 544 base pairs
(B} TYPE: nucleic acid
5 . {C) STRANDEDNESS: single
: {D) TOPOLOGY: linear
{ii) MOLECULE TYPE: DNA {(genomic)
(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
10 {xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:
TATCAGAACT AAGAAAGCTT GGGCTGCAGG TCGACTCTAG GTGCATTTITC AGGAACTCTA €0
TGAACCACAA ATCTGGGCAT TGAGATTCIG TAGGCATTAG ACTAGCAAGG CTGGTCAGTC 120
TTTGCCTATG CTGTAGACTC ATCAGGGGCC TTCCCATGCC AGTTTCCTCA TCTGTCAAAT 180
GGCATCATTT GGGCTACTAC TGGGAGATGT AAGGAGGAAA AAAGTCAAAT ATCATGAGAT 240
15 AGACTAAGGA AATAATGCTG GTGGTCTCAT GCTATGTGCC TTACTGATTIT CTCTTTCAGA 300
ATTGGACAAA AGTTTCTCAA TGATTAAGGA GGGTGATTAT AACCCCCTCT TCATTCCAGT 360
GGCAGTCATG GTTACTGCAT TCTCTGGGTT GGCATTTATC ATTTGGCTGG CAAGGAGATT 420
ARAAAAAGGT ATGTGAGTTT AACTTCACAT GAARAGAACA CAACTTTAAA GTGAAAAAGA 480
ARAADARARAARG AAACCCACAG GARATTAAAT GTGATAGATT CAACACAAGC AGGATGCCAA 540
20 GCTT 544
(2) INFORMATION FOR SEQ ID NO:10:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 524 base pairs
{B) TYPE: nucleic acid
25 (C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(1ii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO

30 {(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:
TAGTTTACAG TATTAGCAGC TGTCCCTCAA GGAAGAATCT GCAGGTAGAT GAGATGCAGA 60
TTGGGTGGGA TAARCACTTG AATGACATAT TGGGTCTTGC CACCAGGCAA TTTAGCAATT 120
CTGTCTTCTT GAGTAGCACG GAGATGGAAT GGAACCTCAG GAGGCATCTG CATCAACATG 180
TCTGTTCTGT ATTAGTGTCT ACCACTGTTT ATTAAGCCAG TTCCTCARAT CTCCTTTGAC 240
35 : ACAGATAGGG TCCACCTAAC AAATACCTAA TATACTTCAA AAGACAGTTT TGAGAGTGGG 300

AGTCTTCCTT CTCCCTTACT TGAAAARCTT TAAATTGTCT AATTTTTGCT ARATGCCTTTT 360
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GAAGGAACAA ACTTAACTGG GATTGAAGAA ACCACCTGTG GACCATTTGG AAACTGGTCA 540
TCTCCAGAAC CAACCTGICA AGGTGAGTAA CTTCAGACTA GAGGITTTGI CATGCAATCC 600
TGGECTTACA GICAGAACAT TCAGTAGAAG TTTGCTGAGA AGICAAACTT AGGATCCTAA 660 -
TTTAACCTAA CTTTTGITTA ACCTACTGTG ATGITTCTCA AAGGACTTAT TC 712

10 : (2) | NFORMATI ON FOR SEQ | D NO 8: (i)

SEQUENCE CHARACTERI STI CS: - 35 - (A) LENGTH:. 451 base pairs
(B) TYPE: nucleic acid (C) STRANDEDNESS: single 15

(D) TOPOLCGYICTCIARENT CTATTICAGG CAAGAAATCC XHGAJAAMBrEAdTTTFATEACTINScAGENONAR)
(i) HYPOTHE I $bica ¥ recteart carrererac TrerTaaceT AcTrercere TAGCTAGACA

480
CATACCCATA GTAGTTATTA CTGGGTCTAT CAATGACAGA TAGG 524
{2) INFORMATION FOR SEQ ID NO:11:
5 ) (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1696 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear
10 (ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
{iv) ANTI-SENSE: NO
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:11:
ATARGCATCA CTARAGAGCT TGTTAGGGGT GCAGAATCTC AGGCTCCACT CAGACCTACT €60
15 GAATCAGAGT CTGCATTTTA ACACCATCTC TGAGTGGTAA GGACATGAAA ATCTGAGAAG 120
TGCTGCTACT AGGGITTGCT TACATTTGTT CATCTTCAGA GGTTCCTAAA GCCTGGCCTC 180
TTGTCTGAGA TTTCCAGCTG ARAGCATTTC CTTGCTCCTC TTCTCATCTC TAATGAATAT 240
TTACCTTTAC TACTAACACT CCAAGTTTTG CAATTTTTAA ACTCTTATTA TCTTTTGTTT 300
TTCTTTCAGT ATGAATGACC CATATTAARAT CGCCCTTGGT GAAAGAAAAT TCTTGGAATA 360
20 CTARARAATCA TGAGATCCTT TARATCCTTC CATGAAACGT TTTGTGTGGT GGCACCTCCT 420
ACGTCAAACA TGRAGTGTGT TTCCTTCAGT GCATCTGGGA AGATTTCTAC CTGACCAACA 480
GTTCCTTCAG CTITCCATTTC ACCCCTCATT TATCCCTCAA CCCCCAGCCC ACAGGTGTTT 540
ATACAGCTCA GCTTTTTGTC TTTTCTGAGG AGAAACAAAT AAGACCATAA AGGGAAAGGA 600
TTCATGTGGA ATATAAAGAT GGCTGACTTT GCTCTTTCTT GACTCTTGTT TTCAGTTTCA 660
25 ATTCAGTGCT GTACTTGATG ACAGACACTT CTAAATGAAG TGCAAATTTG ATACATATGT 720
GAATATGGAC TCAGTTTTCT TGCAGATCAA ATTTCGCGTC GTCTTCTGTA TACGTGGAGG 780
TAC_ACTCTAT GAAGTCAAAA GTCTACGCTC TCCTTTCTTT CTRACTCCAG TGAAGTAATG 840
GGGTCCTGCT CAAGTTGAAA GAGTCCTATT TGCACTGTAG CCTCGCCGTC TGTGAATTGG 900
ACCATCCTAT TTAACTGGCT TCAGCCTCCC CACCTTCTTC AGCCACCTCT CTTTTTCAGT 960
30 TGGCTGACTT CCACACCTAG CATCTCATGA GTGCCAAGCA AAAGGAGAGA AGAGAGAAAT 1020
AGCCTGCGCT GTTTTTTAGT TTGGGGGTTT TGCTGTTTCC TTTTATGAGA CCCATTCCTA 1080
TTTCTTATAG TCAATGTTTC TTTTATCACG ATATTATTAG TAAGAAAACA TCACTGAAAT 1140
GCTAGCTGCA ACTGACATCT CTTTGATGTC ATATGGAAGA GTTAAAACAG GTGGAGAAAT 1200
TCCTTGATTC ACAATGARAT GCTCTCCTTT CCCCTGCCCC CAGACCTTTT ATCCACTTAC 1260
35 CTAGATTCTA CATATTCTTT AAATTTCATC TCAGGCCTCC CTCAACCCCA CCACTTCTITT 1320
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(i v) “ANTI - SENSE: NO { (xi) SEQUENCE DESCRI PTION: SEQ I D
"NO 8 20 GAGGGTCACC TTAGCTAGGG CAGCAGCCTG GAGTAGCTAC TCCTCTCCCC
ACAGCTTTCA 60 ATGCTTCCTT GCCTTCATCT CTCATTCACC ACCCACCATC
ATTCTCAAGA AAATAAAGCC 120 TGGAAGCAAT ATCACAAGTA ATGTAGTCAG
GCAGCTTTGG CTAAAAATCC AAAGCTCAAG 180 GGAGGGTCTC TACTCAGAAA
TACTGITTTG TCTTTTTTTT TTTTTCTTTT TCATTGAAET- 240 _ GATTCAGIGT
GAGCCTCTAT CAGCACCAGA TTTGGGGATC ATGAACTGTA GCCATCCCCT 300 25
GGCCAGCTTC /ARBIAACHACE CET AT REISCARSCrEA FATES CTCAGAETEFYRCCTINETACYSR 1860
TGGGAAGAAG TATG . 420
LV A ngcg%@@{@ﬁﬂ%ﬁ%w%@&%mmc 1440,

TAGTTTGCCT AGTTTGTTAT TTTGAAAATT GATCATATGT TTTGTITTTCT CCCCAGTGAG 1500

TTACATGCTC CTTCAGGGCA GAGTTTGTGT CAGATCCCTG GAGTATCTAG TGCATTACTT 1560
- _5 GACACTCAAT AAATGAATGT TCAAATARAT CAGAAAGAGC ATACAGTE;CA'CTGCTGATAT 1620 .

ARGTTTCAGC ATCCCTCTTT CTCTATGGCA TCTGATGACC TGGGTCAGAT ATCACCTAAT 1680

GTCAACAGCT GAATTC 1696

This is the replacement sheet
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- 34/? (2) | NFORMATI ON FOR SEQ I D NO. 9:
(i) SEQU | CS: (A) LENGTH: 544 base
pairs ﬁ'ﬁmﬂmﬁmmm,m (B) TYPE: nucleic acid
- 37 -
CLATMS

What is claimed is: '
1. A bifunctional ligand binding polypeptide comprising

a ligand binding portion found within the EGF domain of
P-selectin and '

a ligand blndlng portion found within the lectin domain
of L-selectin.

2. A bifunctional ligand binding polypeptide comprising
a ligand binding portion found within the EGF domain of
E-selectin and '
a ligand binding portion found within the lectin domain
of L-selectin.

3. A bifunctional ligand binding polypeptide comprising

a ligand binding portion found within the EGF domain of
P-selectin and

a ligand binding portion found within the lectin domain
of E-selectin.

4. A bifunctional ligand binding polypeptide comprising

a ligand binding portion found within the EGF domain of
E-selectin and _

a ligand binding portion found within the lectin domain
of P-selectin.

5. The polypeptide of claim 1 wherein

the ligand-binding portion found within the EGF domain
of P-selectin is the entire EGF domain of P-selectin and
wherein |

the 1ligand binding portion found within the 1lectin
domain of L-selectin is the entire lectin domain of L-
selectin.

7hmsh
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STRANDEDNESS: si ngl e (D)

‘SFCPO_OGY m ﬂ”' mi” '", (ii) MOLECULE TYPE: DNA (genonic)

Giii) HYPOTH (iv) ANTI-SENSE: NO 10

(xi) SEQUENCE DESCRI PTI &\ *SEQ I D NO. 9 TATCAGAACT AAGAAAGCTT
GGGCTGCAGG FCGACTCTAG GTGCATTTTC AGGAACTCTA 60 TGAACCACAA

ATCTGGGECAT TGAGATTCTG TAGGCATTAG ACTAGGAAEG CTGGTCAGIC 120
TTTGCCTATG CTGTAGACTC ATCAGGEECC TTCCCATGCC AGITTCCTCA TCTGICAAAT 180
GGCATCATTT &cCCTRBRA@ONFBEICATKET o\RIEGEND WRXGHPAAAT ATCATGAGAT 240

15 AGACERACHA M HAT R S 8T e ddnl IR EHeCERAY Bbnain

CTCTTTCAGA 300
- of E-selectin . is the entire EGF domain of E-selectin and

wherein

the 1ligand blndlng' portlon found. within the 1lectin
domain of L-selectin is the entlre lectin domain of L~
selectin.

7. The polypeptide of claim 3 wherein

the ligand binding portion found within the EGF domain
of P-selectin is the entire EGF domain of P-selectin and
wherein

the 1ligand binding portion found within the 1lectin
domain of E-selectin is the entire lectin domain of E-
selectin.

8. The polypeptide of claim 4 wherein
| the ligand binding portion found within the EGF domain
of E-selectin is the entire EGF domain of E-selectin and
wherein

the 1ligand binding portion found within the lectin
domain of P-selectin is the entire 1ect1J1 domain of P-

selectin.

9. The polypeptide of any one of claims 1-4 further
comprising a selectin SCR domain and a selectin transmembrane
domain.

10. The polypeptide of any one of claims 1-4 further
comprising a

carrier region/joined to a carrier protein.

11. The polypeptide of claim 10 wherein said carrier protein

comprises an immunoglobulin heavy chain constant region.

This Sheet Has Been Repl
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ATTGE%CAAA AGTTTCTCAA. TGATTAAGEA 'GGGTGATTAT AACCCCCTCT TCATTCCAGT 360
GGCAGTCATG GTTACTGCAT TCTCTGGGTT GGCATTTATC ATTTGECTGG CAAGGAGATT 420

CTTCACAT GAAAAGAACA CAACTTTAAA -GTGAAAAAGA 480
- TTAAAT GIGATAGATT CAACACAAGC AGGATGCCAA 540
544 | NFORMATI ON' FOR SE®91 D NO 10: (i)
SEQUENCE CHARACTERISTICS (A) LENGTH: 524 base pairs

(B) TYPE: nuel.ei thacpdl@peptide of claim 10 wher@irSERANDEBNESS: Brotein
(D) TCPO‘OGYompE €3s non-1igand binding(pbrt ohEQL B LE¥PECtPHANG DESRTEC)

13. A DNA isolate encoding a polypeptide comprising
a ligand binding portion found within the EGF domain of
P-selectin and . '
a ligand binding portion found within the lectin domain
of L-selectin.

14. A DNA isolate encoding a polypeptide comprising

a ligand binding portion found within the EGF domain of
E-selectin and

a ligand binding portion found within the lectin domain
of L-selectin.

15. A DNA isolate encoding a polypeptide comprising

a ligand binding portion found within the EGF domain of
P-selectin and

a ligand binding portion found within the lectin domain
of E-selectin.

16. A DNA isolate encoding a polypeptide comprising

a ligand binding portion found within the EGF domain of
E-selectin and

a ligand binding portion found within the lectin domain
of P-selectin.

~17. A DNA isolate able to hybridize under stringent
conditions to the complement of a seguence comprising
the exon encoding the EGF domain of P-selectin and

the exon encoding the lectin domain of L-selectin.

18. A DNA isolate able to hybridize under stringent
conditions to the complement of a sequence comprising
the exon encoding the EGF domain of E-selectin and
the exon encoding the lectin domain of L-selectin.

Sheet Has Been Replacec

W

This is the replacement sheet
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(iii%FHYPOTHETI CAL: NO (iv) ANTI:SENSE: NO 30
“(xi) SEQU SEQ I D NO. 10: TAGTTTACAG
TATTAGCAGEWWTMGAATCT GCAGGTAGAT GAGATGCAGA 60

TTGGGTGCGA* TARACACTTGSAATGACATAT TGGGTCTTGC CACCAGGCAA TTTAGCAATT 120
CTGICTTCTT GAGTAGCACG GAGATGGAAT GGAACCTCAG GAGGCATCTG CATCAACATG 180
TCTGITCTGT ATTAGIGICT ACCACTGITT ATTAAGCCAG TTCCTCAAAT CTCCTTTGAC 240
35 ACAGATAGGEG TCCACCTAAC AAATACCTAA TATACTTCAA AAGACAGITT _
TGAGAGT GGG 300 AGTCTTCCTT CTCCCTTACT TGAAAAACTT TAAATTGICT

TIT
AATTTTTGCT ééTGCgT

conditions to the complement of a sequence comprising

the exon encodingdthe EGF domain of P-selectin and
the exon encoding the lectin domain of E-selectin.

360 s g .
DNA isolate able to hybridize under stringent

20. A DNA isolate able to hybridize under stringent

conditions to the complement of a sequence comprising

the exon encoding the EGF domain of E-selectin and
the exon encoding the lectin domain of P-selectin.

21. A pharmaceutical composition for use in treating the
polypeptide of any one of claims 1-4 in a pharmaceutically

acceptable carrier substance.

22. The pharmaceutical composition of leukocyte-mobilizing

claim 21 wherein said condition is tissue damage or an

autoimmune disorder.

23. The pharmaceutical composition of leukocyte-mobilizing

claim 21 wherein said condition is a post-reperfusion injury.

24. The pharmaceutical composition of leukocyte-mobilizing

claim 21 wherein said condition is an organ or tissue

transplant recipient.

25. The pharmaceutical composition of leukocyte-mobilizing
claim 21 wherein said polypeptide is joined to a therapeutic

agent.

26. The pharmaceutical composition of leukocyte-mobilizing

claim 21 wherein said polypeptide is Jjoined to a carrier

protein.

This is the replacement sheet
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N

CTATTTT CTATTTCAGG CAAGAAATCC AAGAGAAGGT AAGTTTTATT

) AGT GGC%@' Kﬁi‘ AGITTCCACA TCTGCTGATT CATTCTCTAC TTCTTAAGIT
CTTCT 480 CATACCCATA GTAGITATTA CTGGGICTAT
CAATGACAGA TAGG 524

- 41 -

27. The pharmaceutical composition of leukocyte-mobilizing
claim 25 wherein said therapeutic agent comprises a
chemotherapeutic drug or an anti-inflammatory agent.

28. The use of the polypeptide of any one of claims 1-4 to
identify a ligand or ligands that bind to said polypeptide.

29. The use of the polypeptide of any one of claims 1-4 to
screen for antagonists of selectin EGF domain function.

30. The use of the polypeptide of any one of claims 1-~4 to
screen for simultaneous antagonists of the function of lectin
and EGF domains of different selectins.

This is the replacement sheet
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(2) 1 NFORMATI ON FOR SEQ ID N0 11: 5 (i) SEQUENCE

CHARACTERI STI CS: (A) LENGTH: 1696 base pairs

(B) TYPE: nucleic acid (C) STRANDEDNESS: single
(D TOPOLOGY: |inear 10 (ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETI CAL: NO ~(jvL ANTI - SENSE: NO

(xi) SEQUENCE DESCRI PTION: SEQ I D NO 11: ATAAGCATCA

CTAAAGAGCT TGTTAGEEGT GCAGAATCTC AGGCTCCACT CAGACCTACT 60 15
GAATCAGAGT CTGCATTTTA ACACCATCTC TGAGTGGTAA GGACATGAAA ATCTGAGAAG 120

g ce em W Srermnas

CHIMERIC SELECTINS AS SIMULTANEOUS BLOCKING AGEﬂTS
FOR COMPONENT SELECTIN FUNCTION

BSTRACT
Chimeric peptides or polypeptides that combine ligand binding
portions from within the lectin and EGF domains of two
different selectins are disclosed. The peptides or
polypeptides can be constructed solely of the indicated
portions of 1lectin or EGF domains or they can include
portions of any of the remaining domains (SCR, transmembrane .
or cytoplasmic), or the entire extracellular portion, of a
generic selectin molecule. The peptides or polypeptides also
can be joined to a carrier protein (e.g., a soluble portion
of an immunoglobulin molecule) to increase the serum half-
life of the therapeutic agent. The chimeric polypeptides can
be used as therapeutic agents to antagonize selectin
function. They are also useful for screening for agents that
are simultaneously antagonists of the function of lectin and
EGF domains of different selectins.

FIG. 1

This is the replacement sheet’
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"-:“.'-3 ' -,
"“GCTACT AGGGITTGCT TACATTTGIT CATCTTCAGA GGTITCCTAAA GCCTGGCCTC 180

"TTGTCTGAGA TTTCCAGCTG AAAGCATTTC CTTGCTCCTC TTCTCATCTC TAATGAATAT 240
TTACCTTTAC TACTAACACT CCAAGITTTG MTTAA ACTCTTATTA TCTTTTGITT 300

TTCTTTCAGT ATGAATGACC CATATTAAAT

TGGT GAAAGAAAAT TCTTGGAATA 360

20 . :CTAAAAATCA TGAGATCCTT TAAATCCTTC CATGAAACGT TTTGIGIGGT
GGCACCTCCT 4%Q ACGTCAAACA TGAAGIGIGI TTCCTTCAGT GCATCTGGERA
AGATTTCTACECT CA 48Q, ) G'EICCTT%G CTTCCATTTC ACCCCTCATT
TATCCCTCAA ACAGGESTTT o 5400 P b= ATACAGCTCA GCTTTTTGIC
TTTTCTGAGGH: T AAGACCATAA AGGGAAAGGA ™™ 600 _ TTCATGIGGA
ATATAAAGATHBECTGACTTT GCTCTTTCTT GACTCTTGIT TTCAGITTCA 660 25
ATTCAGTGCT%'ACTTGATG ACAGACACTT CTAAATGAAG TGCAAATTTG ATACATATGT 720
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. GAATATGGAC TCAGTTTTCT TGCAGATCAA ATTTCGCGTC GICTTCTGTA TACGTGGAGG 780
TACACTCTAT GAAGICAAAA GICTACGCTC TCCTTTCTTT CTAACTCCAG TGAAGTAATG 840
GGGTCCTGCT CAAGTITGAAA GAGTCCTATT TGCACTGTAG CCTCGCCGIC TGTGAATTGG 900
ACCATCCTAT TTAACTGGCT TCAGCCTCCC CR CTTC AGCCACCTCT CTTTTTCAGT 960

30 : + TGECTGACTT CCACACCTAG CATCTCATGA GTGCCAAGCA AAAGGAGAGA
AGAGAGAAAT 1020 AGCCTGCCCT GITTTTTAGI TTGGGEGGITT TGCTGITTCC
TTTTATGAGA CCCATTCCTA. 1080 TTTCTTATAG TCAATGITTC TTTTATCACG
ATATTATTAG TAAGAAAACA TCACTGAAAT 1140 GCTAGCTGCA ACTGACATCT
CTTTGATGIC ATATGGAAGA GITAAAACAG GIGGAGAAAT 1200 TCCTTGATTC
ACAATGAAAT GCTCTCCTTT CCCCTGCCCC CAGACCTTTT ATCCACTTAC 1260 35
CTAGATTCTA CATATTCTTT AAATTTCATC TCAGGECCTCC CTCAACCCCA CCACTTCTTT 1320

P-selectin L-selectin

FIG. 2A

Thig is the replacement sheet
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.37 CLAI MVB: 1. A bifunctional l|igand binding pol ypeptide conprising a
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Iigégﬁ bi ndi ng portion found wthin the I ectin domain of a first

‘'selectin and a |ligand binding portion found within the EG- domain of a
second selectin, wherein the ggynagptide bi nds |igands of the first
selectin and | igands of the s sel ectin, but wherein the
pol ypeptide s s not a pol ypeptide conprising a lectin domai n of
L-selectin and an EGF donmain of P- selectin. 2. The pol ypepti de
according to claim1l1, wherein the | i gand bi ndi ng portion found within
the EGF domain is . the entire EGF domain and wherein the |igand binding
portion found within the lectin domain is the entire | ectin domain.
3. The pol ypeptide according to clainms 1 or 2 further conprising a
selectin SCR domain and a selectin transmenbr ane domai n.
3 3
8
< = .0
£ < o
£ 8 E B
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4. “Frie pol ypepti de according to any one of clainms 1 to 3 joined to a

carrier protein. 5. The pol ypeptide according to claim4, wherein said
carrier protein conprises an i m’runég}ﬁgul i n heavy chain. const ant

regi on. 6. The pol ypepti de accoedi to claim4, wherein said

carrier- protiein conprises non-1ligand binding portions of a selectin
nmol ecul e,

TR
p2L,

E UNTREATED
[] cHYmOTRYPSIN
B papaN

[] 25 mM EGTA

P3L

FIG. 3B
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.38 QH?. A DNA sequence encodi ng a pol ypeptide according to any one of
clains 1 to 3. 8. A DNA sequence selected fromthe group consisting of:
(a) a DNA sequence able to hybridiéf ﬂ&der stringent - condi tions
to the conplenent of a sequence // encodi ng the EG- domai n of
E-selectin and to the conpl enment of a sequence encodi ng the

| ectin domai n of L-selectin. (b) a DNA sequence able

to' hybridi se under stringent conditions to the conpl enent of a
sequence . encodi ng the EG- domain of a P-selectin and to the

conpl ement of a sequence encoding the lectin
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domai’n of E-selectin; and (c) a DNA sequence able to hybridise under
"stringent conditions to the conpl enent of a sequence

encodi ng the EG- domai n of E—seleq%i Afnd to the : conpl emrent of a
sequence encoding the lectin /q domai n of P-sel ectin. 9. Use of a
bi functional Iigand bi ndi ng pol ypepti de conprising a ligand binding
portion found within the | ectin donmain of a first selectin and a

| i gand bi ndi ng portion found within the EG- donain of a second
selectin, wherein the polypeptide binds |igands of the first selectin
and |igands of the second selectin, in t he preparation of a nedi canent
for sinmultaneously inhibiting selectin nedi ated adhesi on, mgration
and infiltration into tissues of cells expressing.the first

-selectip and cells expressing the second sel ectin..

. G
ACCCT TGTGCTAAGTCAAGAGGCTCA ATG GGC
M
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E
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ATA TTT CCA TGG AAA TGT CAG AGC ACC CAG AGG GA
K
L
60
P
D
Y

c
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TTC CTG GCA CAT CAT GGA ACC GAC TGC TGG ACT TA
Q

ARA CCC ATG AAC TGG CAA AGG GCT AGA AGA TTC TGC

"R _ D

CGA GAC|AAT TAC ACA|GAT TTA GTT GCC ATA CAA AA
T

GAG TAT CTG GAG AAG ACT CTG CCT TTC AGT CGT TCT

gaattcCCTTT GGGCAAGGAC CTGAG
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10. “A‘phar maceuti cal conposition conprising a therapeutic anount of
‘the bifunctional |igand binding pol ypeptide of any one of clains 1-6
in a pharnmaceutically acceptabéﬁ/ﬁgrrier subst ance.
39 11. The pharmaceuti cal conposit¥ntccording to claim 10, for use
in treating a | eukocyte-nobilising condition.
100 110
Y ¥ w I 6 I R K I G G I W T w
TAC TAC TGG ATA GGA ATC CGG AAG ATA GGA GGA ATA TGG ACG TGG
- 120 :
v 6 TN K 8§|]L T E E A E N
GTG GGA ACC|AAC AAA TCT|CTC ACT GAA GAA GCA GAG AAC 430
130 140
W G D G E P N N K K N K E D c .
TGG GGA GAT GGT GAG CCC AAC AAC AAG AAG AAC AAG GAG GAC TGC
. 150 :
v E I Y I K R N K D A G K
GTG GAG ATC TAT ATC AAG AGA AAC AAA GAT GCA GGC AAA 514
160
W N D D . A Cc H K L K A A L C Y
TGG AAC GAT GAC GCC TGC CAC AAA CTA AAG GCA GCC CTC TGT TAC
170 180
T A S Cc Q P w S C s G H G
ACA GCT TCT TGC CAG CCC TGG TCA TGC AGT GGC CAT GGA 598
190
E Cc v E I I N N Y T Cc N c D v
GAA TGT GTA GAA ATC ATC AAT|AAT TAC ACC| TGC AAC TGT GAT GTG
200 210
G Y Y G P Q C Q F v I Q -
GGG TAC TAT GGG CCC CAG TGT CAG TTT GTG ATT CAG TGT 682
220
E P L E A P E L G T M D Cc T H
GAG CCT TTG GAG GCC CCA GAG CTG GGT ACC ATG GAC TGT ACT CAC
230
P L G N F N F N S Q c A F
CCT TTG GGA AAC TTC AAC TTC AAC TCA CAG TGT GCC TTC 766
240 . 250
S c S E G T N L T G I E E T T
AGC TGC TCT GAA GGA ACA|AAC TTA ACT| GGG ATT GAA GAZA ACC ACC
260
C E P F G N W S s P E P T
TGT GAA CCA TTT GGA |AAC TGG_TCA]|TCT CCA GAA CCA ACC 850
- 270 280
C Q v I Q C E P L S A P D L G
TGT CAA GTG ATT CAG TGT GAG CCT CTA TCA GCA CCA GAT TTG GGG
290
I M N Cc S H P L A S F S F
ATC ATG|AAC TGT AGC| CAT CCC CTG GCC AGC TTC AGC TTT 934
300 -
T S A C T F I c S E G T E L I
ACC TCT GCA TGT ACC TTC ATC TGC TCA GAA GGA ACT GAG TTA ATT
310 ' 320
G K K X T I C . E S S G I W
GGG AAG AAG AAA ACC ATT TGT GAA TCA TCT GGA ATC TGG 1018
330 :

S I N P S P I Cc Q K L D K S -F S
TCA|AAT CCT AGT|CCA ATA TGT CAA AAA TTG GAC AAA AGT TTC TCA
340 350

M I K E G D Y N P L F I P
ATG ATT AAG GAG GGT GAT TAT AAC CCC CTC TTC ATT CCA 1102

This is the replacement sheet
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1215&he pharmaceutical conposition according to claim 11,
- | eukecyte-nobilising condition is
(a) tissue damage;
post-reperfusion injury.

of

claim 11,

an organ or tissue transpl ant
conposition according to any one of
pol ypeptideris goimed te

13.

The §

ceuti cal

and

wherein said
selecting fromthe group consisting
(b) an autoi mmune di sorder;

(c) a

conposition according to

wherein said | eukocyte-nobilising condition exists in

reci pi ent.

14.

The phar naceuti cal
clainge®0 to 13, wherein said
v -ap adhi tiPnal st heGapent i caagemt .

I 151 The

phar macet iGet GCNPEBC tADE @TTORATNGCAOTTCATAT16GG TTG GRAr &TT $4I0J ATT

t herapeutic agent conprise378
W

L A

R R

L

K K

G K K

S K

TGG CTG GCA AGG AGA TTA AAA AAA GGC AAG AAA TCC AAG 1186

380

R S M

ATTCTTGGAA
GTTTTGTGTG
GTGCATCTGG
TCACCCCTCA
CAGCTTTTTC
GATTCATGTG
TTTTCAGTTT
AGTGCAAATT
ADATTTCGCG
AAGTCTACGC
CTCARGTTGA
GGACCATCCT
CTCTTTTTCA
CAAAAGGAGA
TTTGCTGTTT
TCTTTTATCA
CAACTGACAT
ATTCCTTGAT
TTATCCACTT
CCCTCAACCC
ATGATGAGCT

GCAATTTTGC

N D

TACTAAAAAT
GTGGCACCTC
GAAGATTTCT
TTTATCCCTC
TCTTTTCTGA
GAATATARAG
CAATTCAGTG
TGATACATAT
TCGTCTTCTG
TCTCCTTTCT
AAGAGTCCTA
ATTTAACTGG
GTTGGCTGAC
GAAGAGAGAA
CCTTTTATGA
CGATATTATT
CTCTTTGATG
TCACAATGAA
ACCTAGATTC
CACCACTTCT
CCTCTTCCTG

ATTTGAATARA

P
AGA AGT. ATG AAT GAC CCA TAT TAA ATCGCCCTTG

Y *

CATGAGATCC
CTACGTCARA
ACCTGACCAA
ARCCCCCAGC
GGAGAAACAA
ATGGCTGACT
CTGTACTTGA
GTGAATATGG
TATACGTCCA
TTCTAACTCC
TTTGCACTGT
CTTCAGCCTC
TTCCACACCT
ATAGCCTCCG
GACCCATTCC
AGTAAGAAAA
TCATATGGAA
ATGCTCTCCT
TACATATTCT
TTTATAACTA
GCTTCTTACT

AGCCTGCTTT

TTTAAATCCT
CATGAAGTGT
GAGTTCCTTC
CCACAGGTCT
ATAACACCAT
TTGCTCTTTC
TGACAGACAC
ACTCAGTTTT
GGTACACTCT
AGTGAAGTAR
AGCCTCGCCG
CCCACCTICT
AGCATCTCAT
CTGTTTTTTA
TATTTCTTAT
CATCACTGAA
GAGTTAAAAC
TTCCCCTGCC
TTARATTTCA
GTCCTTTACT
GAAAGGTTAC

TTAARGTGTTA

FIG. 4C
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TTGACTCTTG
TTCTAAATGA
CTTGCAGATC
ATGAAGTCAA
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TCTGTGAATT

TCAGCCACCT

GAGTGCCALAG

GTTTGGGGGT
AGTCAATGTT
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AGGTGGAGAR
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ch:ﬁﬁtherapeutic drug or an anti-inflamratory agent.
conposition conprising the pol ypeptide
1to 3.

17. The use of a bifun
according to any one oft~dBai ns 1qp(fgq'

16. A di agnostic
according to any one of clains
| i gand bi ndi ng pol ypeptide
to screen for si mul t aneous
of said first and second

ant agoni sts*to the Ilgabhdlbl ndi ng activity
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+ #28. The pharmaceutical conposition of |eukocyte-nobilizing clai m*®¥ et n
said condition is a post-reperfusion_injury.  24. The pharmaceutical
conposition of |eukocyte- nDb|I|zrng claln121 ~wher ei-n said condition is an
organ or tissue transpl ant Ci pi ent.. 25%hWhe pharnaceutlcal conposition
of | eukocyte-nobilizing cIa|n121 mhereln said -polypeptide is joined to a

t herapeuti c agent. 26. The pharnaceutlcal co:,05|t|on of

| eukocyt e-mobi i zi ng cl aim 21 wher-ei n. sald polypept|de |s joined to a

carrier protein.

(4L

carbohydrate ligands (Springer, Nature 346:425-434 (1990);
Lasky, Science 258:964-969 (1992)), the role of the conserved
EGF~like domains is unknown.

It has been proposed that the treatment of a.patient
suffering from pathologic inflammation with an antagonist to
adhesion receptor function can result in the reduction of
leukocyte migration to a level manageable by the target
endothelial cells and the subsequent dramatic recovery of the
patient. Local administration of therapeutic agents can
block competitively the adhesive interactions between
leukocytes and the endothelium adjacent to an inflamed
region. Therapeutic agents can also be administered on a
systemic level for the treatment of a patient suffering from
disseminated inflammation (Harlan and Liu, eds., Adhesion:
Its Role in Inflammatory Disease, W. H. Freeman (in press)).

A chimeric selectin combining the EGF domain of P-
selectin and the lectin binding domain of L-selectin has been
disclosed (Kansas, G. S. et al., The J of Cell Biology, vol.
114/(2), 1991, pp. 357 - 358) but the ligand binding
properties of the EGF domain were not appreciated. Kansas,
G.S., APMIS, vol 100, 1992, pp. 287 - 293 disclosed a
rationale for producing selectin chimeras in which various
domains of selectin were to be replaced by the homologous
domains of another family member of the selectin family.
Again a ligand binding property of the EGF domain was not
appreciated.

This is the replacement sheet

Date: 1 8 AUB 1998



©--+41 - 27. The pharmaceutical conposition of |eukocyte-nobilizing claim25
wherein said therapeutic agent conprises a chenotherapeutic drug or an
anti-inflammatory agent. 28. The use of the pol ypeptide of any one of
claims 1-4 to identify a ligand or ligands that bind to said pol ypeptide.

-3a-

SUMMARY OF THE INVENTION

We report here that the EGF-like domains of P-selectin
and of E-selectin can participate directly in cell adhesion,
having ligand binding sites distinct fron those of their
respective lectin domains. Cell adhesion mediated at least
by the P and E-selectins may be complex, involving
interactions between the lectin domain and a carbohydrate
ligand, and separately, between the EGF-like domain and one
or more proteins or other ligands. Our discovery cof a
difference in at least one of the ligands recognized by the
lectin and EGF domains of a given selectin has permitted the
preparation of chimeric polypeptides that combine within one
molecule the ability to target two or more different selectin
ligands and the use of these agents in therapy or in the
preparation of additional classes of antagonists to selectin
function.

Thus, the invention generally features chimeric peptides
or polypeptides that combine ligand binding portions from
within the lectin and EGF domains of two different selectins.
The peptides or polypeptides can be composed solely of thel
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29. The use of the pol ypeptide of any one of clains 1-4 to screen for

ant agoni sts of selectin EG- domain function. 30. The use of the

pol ypepti de of any one of clainms 1-4 to screen for sinultaneous antagonists
of the function of lectin and EGF domains of different selectins. '

- 24 -

the sequence and structural information described. Treatment
of affected individuals would then be possible using the
lyam-1 gene or fragments thereof.
The normal regulation of the lyam-1 gene, as evidenced
5 by the appearance and disappearance of L-selectin on the
surface of a specific leukocyte sub-population can be
monitored to test the effects of drugs or specific therapies
that would alter gene expression.
While the present invention has been described in
10 conjunction with a preferred embodiment, one of ordinary
skill, after reading the foregoing specification, will be
able to effect various changes, substitutions of equivalents,
and other alterations to the compositions and methods set
forth herein. It is therefore intended that the protection
15 granted hereon be limited only by appended claims.
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LAIMS:

1, A bifunctional ligand binding polypeptide comprising a
ligand binding portion found within the lectin domain
of a first selectin and a ligand binding portion found
within the EGF domain of a second selectin, wherein the
polypeptide binds ligands of the first selectin and
ligands of the second selectin, but wherein the
polypeptide is not a polypeptide comprising a lectin
domain of L-selectin and an EGF domain of P- selectin.

2. The polypeptide according to claim 1, wherein the
ligand binding portion found within the EGF domain is
the entire EGF domain and wherein the ligand binding
portion found within the lectin domain is the entire
lectin domain,

3. The polypeptide according to claims 1 or 2 further
comprising a selgctin SCR domain and a selectin

transmembrane domain.

4, The polypeptide according to any one of claims 1 to 3
joined to a carrier protein. y

S. The polypeptide according to claim 4, wherein said
carrier protein comprises an immuncglobulin heavy chain
constant region.

6. The polypeptide according to claim 4, wherein said

carrier protein comprises non-ligand binding portions
of a selectin molecule,

This is the replacement sheet
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7. A DNA sequence encoding a polypeptide according to any
one of claims 1 to 3.

8. A DNA sequence selected from the group consisting of:
" (a) a DNA sequence able to hybridise under stringent
conditions to the complement of a sequence
encoding the EGF domain of E-selectin and to the

complement of a sequence encoding the lectin
domain of L-selectin.

(b) a DNA sequenca able to' hybridise undexr stringent
conditions to the complement of a sequence
encoding the EGF domain of a P-selectin and to tha
complement of a sequence encoding the lectin
domain of E-~selectin; and

(c} -a DNA sequence able to hybridise under stringent
conditions to the complement of a sequence
encoding the EGF domain of E-selectin and to the
complement of a sequence encoding the lectin
domain of P-selectin.

8. Use of a bifunctional ligand binding polypeptide
corprising a ligand binding portion found within the
lectin domain of a first selectin and a ligand binding
portion found within the EGF domain of a second
selectin, wherein the polypeptide binds ligands of the
first selectin and ligands of the second selectin, in
the preparation of a medicament for simultansously
inhibiting selectin mediated adhesion, migration and
infiltration into tissues of cells expressing the first
selectin and cells expressing the second selectin.

10. A pharmaceutical composition comprising a therapeutic
anount of the bifunctional ligand binding polypeptide
of any one of claims 1-6 in a pharmaceutically
acceptable carrier substance.
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11. The pharmaceutical composition according to claim 10,
for use in treating a leukocyte-mobilising condition.

12. The pharmaceuticai composition according to claim 11,
wherein said leukocyte-mobilising condition is
selecting from the group consisting of
(a) tissue damage; '

(b) an autoimmune disorder; and
{c) a post-reperfusion injury.

13. The pharmaceutical composition according to claim 11,
wherein said leukocyte-mobilising condition exists in
an organ or tissue transplant recipient.

14. The pharmaceutical composition according to any one of
claims 10 to 13, wherein said polypeptide is joined to
an additional therapeutic agent,

15, The pharmaceutical composition according to claim 14,
wherein said therapeutic agent comprises a
chemotherapeutic drug or an anti-inflammatory agent.

16. A diagnostic‘composition comprising the polypeptide
according to any one of claims 1 to 3.

17. The use of a bifunctional ligand binding polypeptide
according to any one of claims 1 to 6, to screen for -
simultaneous antagonists to the ligand binding activity
of sald first and second selectins.
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CHIMERIC L- AND P-SELECTIN BY EXCHANGE OF DOMAINS-USES
; THEREOF

RELATED APPLICATIONS
This application is a continuation-in-part of Tedder,
U.S. ©Patent Application Serial No. 07/983,606, filed
November 30, 1992, which is a continuation under 37 CFR 1.62
of Serial Nos. 07/730,503, filed July 8,1991, and 07/313,109,
filed February 21, 1989, both now abandoned. This
application alseo is a continuation-in-part of Tedder, U.S.
Patent Application Serial No. 07/700,773, filed May 15, 1991;
of Tedder, U.S. Patent Application Serial No. 07/737,092,
filed July 29, 1991; of Tedder et al., U.S. Patent
Application Serial No. 07/770,608, filed October 3, 1991; and
of Tedder et al., U.S. Patent Application Serial
No. 07/862,483, filed April 2, 1992, the whole of which are

hereby incorporated by reference herein.

FIELD OF THE INVENTION
This invention relates to the selectin family of
receptor adhesion molecules and particularly to agents
interfering with selectin function.

GOVERNMENT RIGHTS
Part of the work leading to tHis invention was made with
United States Government funds. Therefore, the U.S.
Government has certain rights in this invention.

BACKGROUND OF_ THE INVENTION
The ability of leukocytes to leave the circulation and
to migrate into tissues is a critical feature of the immune
response. Normally, the infiltrating leukocytes phagocytize
invading organisms or dead or damaged cells. However, in
pathologic inflammation, infiltrating leukocytes can cause



