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ADHESI GN MOLECULE-1 : RELATED APPLICATICNS Thi s
appllcatlon is a continuation-in-part of Tedder, U.S. Pqt: pel-i-cat i on
Seri.al -No. 07/730,503, filed July 8, 1991, which is a c¢n T‘r“ﬁ SHEEE HASREEN 37
CFR'1.62 of Serial No. 07/313,109, filed Eebruary 21, 1 _
of "Tedder, U.S. Patent Application Serial No. 07/700,773, filed May 15,
1991g of . Tedder, U.S. Patent Application Serial No. 07/737,092, filed July

29, 1991 and of T r
eddeSP%CI%Id DETECTION OF CELL SURFACE RECEPTOR

LEUKOCYTE ADHESION MOLECULE-1

oned

RELATED APPLICATIONS -

_ - This application is a continuation-in-part of Tedder,
10 U.S. Patent Application Serial No. 07/730,503, filed July 8,
1991, which is a continuation under 37 CFR 1.62 of Serial
No. 07/313,109, filed February 21, 1989, now abandoned; of
Tedder, u.s. Patent Application Serial No. 07/700,773, filed
. May 15, 1991; of Tedder, U.S. Patent Application Serial
15 ~ No. 07/737,092, filed July 29, 1991; and of Tedder et al.,
' U.S. Patent Application Serial No. 07/770,608, filed
October 3, 1991, the whole of which are hereby incorporated

by reference herein.

_ FIELD OF THE_ INVENTION
20 This invention relates to human leukocyte~associated
cell surface proteins, particularly to leukocyte adhesion
molecule-1l (LAM-1) and methods for its detection.
Part of the work leading to this invention was made with
_ United States Government funds. Therefore, the U.S.
25 - 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
30 invading organisms or dead or damaged_cells. However, in
pathologic inflammation, infiltrating leukocytes can cause
serious and sometimes deadly damage. Leukocyte-mediated
inflammation is implicated in a number of human clinical
manifestations, including the adult respiratory distress

35 syndrome, multi-organ failure and reperfusion injury.
_ Several different receptor adhesion molecules
participate in the process of adhesion and transmigration of
leukocytes through vascular endothelium at sites of
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5 Acad. Sci. USA 87:2244-2248 (1990); Ley et al., Blood

'  77:2553-2555 (1991); Spertini et al., J. Immunol. 147:2565-
2573 (1991)). LAM-1 is a member of the selectin family of
adhesion molecules (Bowen et al., J. Cell Biol. 109:421-427
(1989) ; Siegelman et al., Proc. Natl. Acad. Sci. USA 86:5562~-

10 5566 (1989); Tedder et al., J. Exp. Med. _:L?_O_:123—i33 (1989))
that includes, ‘the mouse L-seléctin, MEL-14 (Gallatin et al.,
Nature 304:30-34 (1983); Lasky et al., Cell 56:1045-1055
(1989); Siegelman et al., Science 243:1165-1172 (1989)),
Endothelial~Leukocyte  Adhesion Molecule-1 (ELAM-1,

15 E-selectin) (Bevilacqua et al., Proc. Natl. Acad. Sci.
USA 84:9238-9243 (1987); Bevilacqua et al., Science 243:1160-
1164 (1989); Luscinskas et al., J. Immunol. 1422257 (1989);
Luscinskas et al., J. Immunol. 146:1617-1625 (1991)), and
CD62 (PADGEM, GMP-140, P-selectin) (Geng et al., Nature

20 343:757-760 (1990); Johnston et al., Cell 56:1033-1044

' (1989); Larsen et al., Cell 59:305-312 (1989); Larsen et al.,
Cell 63:467-474 (1990)). All selectins are derived from
evolutionarily related genes (Collins et al., J. Biol. Chen.
266:2466~2478 (1991); Johnston et al., J. Biol. Chen.

25 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, cCa*-dependent
lectin domain, an epidermal growth factor (EGF) -like domain
followed by multiple short consensus repeat (SCR) domains,

. 30 a transmembrane region, and a cytoplasmic tail.

' ' - LAaM-1 is expressed -ori the surface of most leukocytes,
including lymphocytes, neutropliils, monocytes, eosinophils,
.hematopoietic progenitor cells and immature thymocytes
(Griffin et al., J. Immunol. 145:576-584 (1990); Tedder et

35 - al., J. Immunol. 144:532-540 (1990)). LAM-1 is a highly
glycosylated protein of 95-105,000 M, on neutrophils' and
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sérlous and sonetinmes deadly danage Leukocyt e- nedlated inflammation is
|ﬁp||cated in a nunber of human clinical manifestations, including the
adult respiratory distress syndrome, nulti-organ failure and reperfusion

injury. Several - .different recept or adhesi on fofMIS SHEST HAS BEEN
participate in the process of adhesion and Er@nsn1grat|or of | BER@CEDes

t hrough vascul ar endothellun1at sites of

-2 - f|
- in a %80 6\?@1 Lo n%ﬁé@ A(&l%r( 1990) Ja1. Ongr of Itn{iﬁlnol.

sever al | ecul é87I'n tral attachnent of Ieukoeytes
endothellun1 i 145t F#6-584k 62990) ; JBeddernet al., Eur. J. Immundl. 20: 1351-

1355 (1990)). Human LAM-1 and mouse MEL-14 mediate the

binding of lymphocytes to high endothelial venules (HEV) of

5 peripheral 1lymph nodes through interactions with -a

' constitutively expressed ligand (Imai et al., J. Cell Biol.

113:1213-1221 (1991); Kishimoto et al., Proc. Natl. Acad.

Sci. USA 87:2244-2248 (1990); Spertini et al., Leukemia

5:300-308 (1991); Stamper Jr. et al., J. Exp. Med. 144:828~

10 : 833 (1976);'Tedder et al., J. Immunol. 144:532-540 (1990)),

| ' and are also involved in lymphocyte, neutrophii-and monocyte

attachment at sites of inflammation '(Hallmahn et al.,

Biochem. Biophys. Res. Commun. 174:236-243 (1991); Jutila et

_ al., J. Immunol. 143:3318-3324 (1989); Lewinsohn et al., J.

15 Immunol. 138:4313-4321 (1987); Smith et al., J. Clin. Invest.

87:609-618 (1991); Spertini et al., J. Immunol. 147:2565-2573

(1991)) Watson et al., Nature 349:164-167 (1991)). In vitro,

endothelial cell surféce expression of the LAM-1 ligand(s)

is induced only after exposure of the endothelial cells to

20 " inflammatory cytokines, and the endothelial ligand shares

' many functional features with the LAM-1 ligand(s) expressed

by HEV (Smith et al., J. Clin. Invest. 87:609-618 (1991);

Spertini et al., J. Immunol. 147:2565-2573 (1991)). Sulfated

carbohydrates and mAb that bind to the lectin domain of LAM-1

25 _ inhibit LAM-l-specific adhesion (Imai et al., J. Cell Biol.

113:1213-1221 (1991); Kansas et al., J. Cell Biol. 114:351-

358 (1991); Spertini et al., J. Immunol. 147:2565-2573

(1991); Stoolman et al., Blood 70:1842-1850 (1987); Yednock

et al., J. Cell Biol. 104:725-731 (1987); Yednock et al., J.

30 . Cell. Biol. 104:713-723 (1987)). The lectin domain of LAM-1

seems to act as the 1ligand binding unit to determine

specificity, while the EGF-like and SCR domains appear to

regulate the affinity of this interaction (Kansas et al., J.

Cell Biol. 114:351-358 (1991); Siegelman et al., Cell 61:611-

35 622 (1990); Spertini et al., J. Immunol, 147:942-949 (1991);
Watson et al., J. Cell Biol. 115:235 (1991)).
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rmlecule 1 (LAM1, L- selectln) (KIShI moto et al., Proc. Natl. Acad. . Sci.

USA 8722244-2248 (1990); Ley et al. Bl ood 77: 2553- 255 Al
et al., J. lmmunol. 147:2565- 2573 (1991)) LAM1 is a meiy _ Jl ED
selectin fanil y of adhesion nol ecul es (Bowen et al., J. S

109: 421- 427 (1989); Siegelman et al., Proc. Aatl. Acad Sci. USA 86:5562-
5566 (1989); Tedder et al., J. Exp. Med. 170" 123- 133 (1989)) that includes,

t he nouse. L-sel ecti 1 t

Laky ot al - coll &E TR %é’?gp g as."%*aéﬁ R tregbideds 3 ol Pekient
243: 1165- 1172 eufferingsaem pptholegirodne amma&hegu ﬁth apARtagenist to
(ELAM 1, E- sel a@higdidnBavddaseni ﬂméhlonpb&@m Péidlt AmdthSCIredlﬁgclon of

84:9238-9243 (198 | 243:116 989,

Lusci nskas et(&le yy% n aﬂ’gagiﬂh%ao] ?13‘@5 CleLB?EPﬁ??%% g" Qarget

I(gerusol : 1|46 1%&01:@@3 igam&?)mgoand 1 Bubsdoftisnt Gmamad:(ic Eesehrem of the
ng et a

' 56:1033- 1044 ( cht’, fokal ?d‘(‘%%r%'éf% ﬁ}?%ﬁuttﬁ%éents aon

Cel | 63:467- 47b](0m0)qqmp¢titm¢laztuhbear adhesived finheraghiansnabetyeen

related genes (QRiddyteéd @ha £heBidhdotiieMum adjacent to an inflamed

region. Therapeutic agents can also be administered on a

10 | systemic level for the treatment of a patient suffering from
disseminated inflammation (Harlan and Liu, eds., Adhesion:

Its Role in Inflammato Diséase W. H. Freeman (in press)).
A unique feature of the L-selectins is that both human
LAM-1 and mouse MEL-14 are shed from the cell surface
15 , - following cellular activation in vitro (Griffln et al., J.
Immunol. 145:576-584 (1990); Jung et al., J. Immunol.
144:3130-3136 (1990) ;' Kishimoto et al., Science 245:1238-1241
(1989) ; Kishimoto et al., Proc. Natl. Acad. Sci. USA 87:2244-
2248 (1990); Spertini et al., Leukemia 5:300-308 (1991)).
20 It has been proposed for the mouse that shedding of MEL-14
from leukocytes might be necessary to enable the leukocytes -
to transmigrate through endothelium into sites of
- inflammation in vivo (Jutila et al., J. Immunol. 143:3318- '
3324 (1989); Kishimoto et al., Science 245:1238-1241 (1989)).
25 This would provide a rapid means for the regulation of
leukocyte adhesion and de-adhesion to endb_thelium. Although
the subsequent fate and possible function of the shed LAM-1
(sLAM-1) molecule is not known, the presence of a soluble
factor present in rat thoracic duct 1lymph capable of
30 -inhibiting lymphocyte binding to HEV has been demonstrated
(Chin et al., J. Immunol. 125:1764-1769 (1980)).
Furthermore, this factor was shown to be antigenically
related to a structure(s) present on lymphocytes (Chin et
al., J. Immunol. 125:1764-1769 (1980); chin et al., J.
35 Immunol. 125:1770-1774 (1980); Chin et al., J. Immunol.
131:1368-1374 (1983)).
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266 2466- 2478 (1991) Johnston et al., J.:Biol. Chem 34:21381-21385
(1990) *Ord et al., J. Biol. Chem 265:7760- 7767 (1990)' vatson et al., J.
Exp. Med. 172:263- 272 (1990)), and are characterized by a N
NH err]-term nal, Ca[err]-dependent lectin domain, an e |mHiSrﬁ'¥E$ “%ﬁg]ﬁE
factor (EGF)-like domain followed by multiple : short conslensus RE Ry
domai ns, a transnmenbrane region, and a cytoa asm c tall - LAM 1 |s

expressed on the su t [ o] e |
neut r ophi | s, nnnocy?es e03|g3%% %ﬁ%&%@& ﬁ@o%%é #%gp é@%‘?%%lﬁells of
i mmat ure t hynovardousG lineages are nov nimnan tas h97689&d (2apdo) thexelEr
et al., J. 'm”fyailaaséé‘l $rtoo%4hé 1%3Eﬁﬁace1hﬂ\&zl 3 13 i Iftrieadle¥SOSKndt €f,

proteln of "95-105, Q00 on neutr ophi
 Respir. Cell ‘Mol. Blol. 5 305-306 (1991)) These 1nc1ude
5 many of the- growth factor receptors, the receptors for-

interleukin-1, interleukin-2 (CD25), transferrin (CD72),
insulin, growth hormone, tumor necrosis factor  (Porteéu et
al., J. Exp. Med. 172:599-607 (1990)), colony-stimulation
factor-1 (Downing et al., Mol. Cell. Biol. 9:2890-2896
10 (1989)) and nerve growth factor (Distefano et al., Proc.
Natl. Acad. Sci. USA 85:270-274 (1988)) as well as CD8, and
CD14. These proteins are quite diverse in structure and
amino acid sequence and have no unifying functional
characteristics that are currently appreciated. In most
15 - cases, proteases cleave the receptor near the membrane,
releasing a nearly intact extracellular domain (DiStefano et
al., Proc. Natl. Acad. Sci. USA 85:270-274 (1988); Downing
et al., Mol. Cell. Biol. 9:2890-2896 (1989); Kishimoto et
al., Science 245:1238-1241 (1989); Spertini et al., Leukenmia
. 20 .5:300~-308 (19°1)).

No definitive functions for shed receptors have been
elucidated, although many of the shed receptors retain
ligand-binding activity. Thus, receptor function may be
regulated not only by proteolytic cleavage of the receptor

25 from the cell surface, but also by the presence of shed
receptor in the extracellular environment.

If the shed form of LAM-1 retains ligand-binding
activity, however, one consequence of its presence might be
a potential interference with diagnostic or therapeutic

30 administration of antagonists to LAM-1 function. The shed
form of the receptor, if present in large amounts, could
competitively bind any administered LAM-~-1 antagonist, thus

- thwarting the diagnostic effort or the treatment regimen.
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-3- 74 000 M on Ilynphocytes (Giffin et. al., J. Inmunol.
145 576’ 584 (1990); Tedder et al., Eur. J. Immunol. 20:1351- 1355
Human LAM 1 and nouse MEL-14 nedi ate the binding of Iyrrphoc :
endot hel i al venules (HEV) of peripheral |ynph nodes thro @‘\“s
Interactions with a constitutively expresssed ligand (1 mai | :
Biol. 113: 1213- 1221 (1991); Kishinoto et aI , Proc. Natl. Acad SCI USA
87:2244-2248 . (1990); Spertini eg : . EQQ §08 (1991) St anper
Jr. et al., J. Exp. Med. 144: 828 83: ' gaaer . I nmunol .
144: 532-540 (1990) ) WeanZeportal erenydhaty ithe yrﬁmsi;ytleeulﬁm%pmcihaﬁaon
nonocyte attachggeudle-3 "(Qﬁ.Aﬂf-lgnﬂ'@ﬁTBEﬁIP tyﬁn?%Udﬂ:@% ahdaheutﬁbﬁﬁﬂigl was
Bi ophys. Res. Commun. 174:236-24 1991 |.munol

143: 3318- 3324 GESHFL E&ﬁ%%@%tp%ﬁse 1‘Pn’&ﬁﬂBl eY§§S4§IBM§‘a“(%%% a.
Smith et al., fwoCassay methiodsShatd Hekh uEHd,) Westsrn blet atalysis and

| munol . 147: 2565 2s5£§c1ally developed, quantitative enzyme-1linked

immunosorbent assay or ELISA. Semipurified" sLAaM-1 from
plasma inhibited LAM-1-specific attachment of lymphocytes to

_ _ '~ cytokine-activated endothelium in a dose dependent manner.

10 Total inhibition of LAM-l-dépendent lymphocyte attachment was
achieved at sLAM-1 concentrations of 8 to 15 pg/ml, while
physiological concentrations of sLAM-1 caused a small but
_consistent 'inhibition of lymphocyte attachment. sLAM-1 in
plasma also inhibited'binding of most anti-LAM-1 mAb (2 to

15 5 ug/ml) to the surface of leukocytes. However, one epitope
present within the EGF-like domain of LAM-1 was lost in
sLAM-1, suggesting a conformational change in the structure
of the receptor after shedding. '

The inhibition of LAM-1 dependent lyinphocyte attachment

20 by the shed form of the receptor, even at physiological

_ concentrations of sLAM~1, and the inhibition of binding of

"most anti-LAM-1 mAb could present substantial problems for

therapeutic régimens requiring systemic administration of

- antagonists to LAM-1 function or for diagnostic techniques.

25 | The presence of sLAM-1 could require that such agents be

| administered in excessive doses to be effective. However,

our discovery of a difference in epitopes between the EGF-

like domains of the LAM-1 molecule and its shed form has

permitted the development of diagnostic and therapeutic

30 agents that react with cell surface bound receptor LAM-1
without binding to the shed form of the molecule.

In one aspect the invention generally features
monoclonal antibody reactive with LAM-1, and not reactive
with shed LAM-1, and a method for isolating the antibody.

35 Preferably, the antibody has the same pattern of reactivity
 with 1AM-1 as monoclonal antibody anti-LAM1-1; most
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(1991) Vatson et al., hbture 349: 164- 167 (1991)). In vitro, endothelial
cel | surface expression of the LAM1 ligand(s) is induced only after

exposure of the endothelial cells to inflamuatory cytokin i?@ E&W%SBEBN
endot helial |igand shares many functional features wth tih éghﬁﬁﬁ” (s
expressed by HEV (Snrth et al., J. din. Invest. '87:609-

Spertini et al. . I mmunol . 147 2565- 2573 (1991)). Sul f at ed carbohydrates

- adhesi on ??;af"ﬂ#def%éﬁﬁv 4 2080 58 LA GholottdngRcabfiBoay.
J. Cell Biol. fhhe 3131ve35301(a 18dsp, fgp&nresu metheds, Qf usingicthe selective

147: 2565- 2573 (gﬁg@# 6@&@ \ ﬁﬁogﬁeg d8¢i2c 18601 §&881bnsYednock
et al., J. |1 Bio 1'1'504 72 31 1987 Ygadn%% et agéa nls Bi ql .

104: 713-723 (1987)) Inangther nam'f—n LW&“E%%%f?%t'aE?sa‘é pREbedg £y
‘bindisng unit tqpitaiteitatingpthel amont WE | EBANYE &6Ffiralghenitd tHdreBinsa

oPDear L0 L0 bl N ldla Bct IS TRL Smbi3"1830 b Bh3p” Sl
Spertini et al .with a inimddng agentlar Ydgind For DAM-slowrefrabgment. thekrkeof,
.Bi°|' 1151235 (éﬁﬁxgamparing the results of the binding assay to a standard
' curve. P:eferably, the fragment of LAM-1 to be detected is
10 - . shed LAM-1; the sample to be assayed is a bidlogiéal sample,
- most preferably the sample is from a patient and the amount
of LAM-1 or fragment determined in the binding assay is to
be used as a diagnostic variable; the binding assay is either
X - an ELISA or a Western blot, and the binding agent is an anti-
15 LAM-1 antlbody.
' -In another aspect, the invention features a k1t for use.
in quantitating the amount of LAM-1 or fragment thereof in
a sample. The kit includes components required'-for
_ extraction of the sample and components necessary for use in
20 ) a binding assay, including a binding agent .or ligand for
LAM-1 or fragments thereof.
Other features and advantages of the invention will be
apparent from the following description of the_preferred'
embodiments thereof and from the claims. ' |

25 | DESCRIPTION OF THE PREFERRED EMBODIMENTS
' Development of the sLAM-1-ELISA allowed for the first
time an easy, efficient and sensitive method for
" quantification of sLAM-1. The direct demonstration of sLAM-1
in plasma and supernatant fluid from activated neutrophils
- 30 - and lymphocytes confirms that the in vivo and in vitro loss _
of LAM-1 leukocyte surface expression is due to shedding.
The extent of shedding is high; in a population of normal
healthy blood donors the mean seruﬁ level of sLAM-1 was
determined to be 1.6 * 0.8 ug/ml.
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-4- It has been proposed that the treatment of a patient suffering

]trom pai hol ogi ¢ i nfl anmati on with an antagoni st to adhesi O"PHIFGS%%E{F?{AS BEEN
unction can result in the reduction of |eukocyte m gratijon

manageabl e by the target endothelial cells and the subsed

recovery of the patient. Local adm nistratign_of therapeutic agents can

bl ock conpetitively the adhesive interactions between | eukocytes and the

gg%otn Ihglt iegg]dagjn agentmié) éWed NELAHEEE MO wal HAARI S BOCAi Br6REnE! 2R oRC
the cell surface-bound form in one major way. sLAM-1 d:Ld not
contain the epitope within the EGF-like domain of LAM-1
_ identified by the anti-LaM1-1 mAb, while this epitope is
5 readily demonstrated on cell-surface LAM-1 (Kansas et al.,
J. Cell Biol. 114:351-358 (1991); sSpertini et al., J.
Immunol. 147:942-949 (1991); Tedder et al., J. Immunol.
144:532-540 (1990)). This was revealed both by ELISA

analysis and by a 1lack of competitive inhibition in

10 immunofluorescence staining of leukocytes. Since the EGF-
like domain is retained in sLaM-1, it is possible that
alterations in the tertiary structure of LAM-1 occur
following shedding that result in a lack of anti-LAM1-1 mAb-

- binding. ' This loss of reactivity does not appear to be due"

15 - to technical problems as the LAM-1 epitope was readily
demonstrated to be present on a soluble LAM-IgG fusion
protein.

Detection and Characterization of sLAM-1
sLAM~-1 in serum appears to be derived from both

20 lymphocytes and neutrophils since the analysis of sLAM-1
isolated from neutrophils (95-105,000 M,) and lymphocytes
(74,000 M) produced bands of corresponding M,. = The

differences in M, between lymphocyte and neutrophil sLAM-1
most likely result from differences in glycosylation of a
25 ‘single protein species since only a single LAM-1 mRNA species
has been identified (Ord et al., J. Biol. Chem. 265:7760-7767
(19920)). Cleavage of LAM-1 to produce sLAM-1 is likely to
be proximal to the ‘transmembrane region encoded by exon VIII
(Ord et al., supra); cleavage in this region would account
30 - for the small difference in M, between the intact cellular
LAM-1 molecule and its shed form (Kishimoto et al., Proc.
Natl. Acad. Sci. USA 87:2244-~-2248 (1990); Lasky et al., Cell.
56:1045~1055 (1989); Spertini et al., Leukemia 5:300-308
(1991)). '
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systemc | evel for the treatnment of a patient sufferlng fromdi ssem nated
i nf | anm@t i on (Harl'an and Liu, eds., Adhesion: Its Role in Inflamratory

D sease, W H. Freeman (in press)) A unique feature ¢TTH& A gé '
is that both human LAM 1 and nouse MEL- 14 are shed fromthe cel ﬁ}A ACE
following cellular activation in V|tro (Gr inet al., J>rHo-

145:576-584 (1990); Jung et al. nol . 144:3130-3136 (1990);

LTI S b AR gty oo

5: 300- 308 (19937:§th|¢ nafessaneppdp@md sra;rpltehethnmsléamm batWeeng0eBS5 to
MEL- 14 from| et% qmvﬂeg 'ﬁéﬁ&é&ha&?a&%ﬁ' sytiwb litidedferidtnt feans.
rou

transm grate endot hel1 into sites | ammation in vivo
(Jutila et al., The Il?ﬁﬂrhol°f 13‘-!?153183“93240{19‘8@5“3% ndtc #9/ML should

Sci enge 245: 1238e rédent 989)consEivativg et iate ofr weﬂ aeens] f anothe of
regul ation of |le cyte adhesiaqn a de- adhegi on _t hell m Althou
the subsequent F&te anBBEETFLIE 1 n Bpd: Was s%é’(frl_ )as

nol ecul e i s notbasibsuof Bld putareceabéulbatibondl eﬁtheohsudemtxons
t hor aci ¢ duct |}¥£@Qd C&P@L‘&P{mental data derived from shedding experiments
in K562-1LAM~-1 transfectants further substantiate the validity

10 . of this estimate. Assuming that 30 to 40,000 LAM-1 molecules
are present on each K562-LAM cell, and that all molecules

(MW 71,000) are shed following PMA stimulation, the

cdncentration of sLAM in plasma can be calculated by

comparing the concentration of sLAM-1 (1.7% the concentration

15 of standard plasma) shed from K562 transfectants (1 x 10’
cells/ml) to a titration curve of standard plasma. According

to this calculation, plasma concentrations would lie in the

"range of 2.1 to 2..8 #g/ml. Similar considerations make it

highly unlikely that the amount of sLAM-1 found in serum or

. 20 - plasma is generated from the shedding of ‘cell surface LAM-1
by blood leukocytes present during the preparation of the

samples: the quantity of sLAM-1 actually found in serum is

10 to 25 fold higher than the quantity of LAM-1 that could

maximally be shed from the cell-surface of 1eukocytes (~4 x

25 10%/ml) present in the samples, assuming a density of 50-
100,000 receptors/éell. Therefore, sLAM-1 must be generated

by the ong01ng shedd:mg of cell surface LAM~1 from leukocytes |

- in vivo. _

SLAM-1 semipurified from plasma inhibited LAM-1-mediated

30 lymphocyte binding to TNF-activated endothelium in a dose
dependent manner with complete inhibition at ~8~15 ug/ml.

At concentrations of sLAM-1 similar to those found in the

plasma of normal blood donors, a small but significant
inhibition of leukocyte endothelial binding was observed.

35 Circulating sLAM=-1 is likely to be functional in vivo since
immunchistochemical staining of tissues with anti-LAM-1 mAb.
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inhibifing | ynphocyte binding to HEV has been denonst rat ed (Chin et al.

J {
et al.

-5-

125:1764- 1769 (1980)). ‘Furthernore, this factor was shown
to be antlgenl cally related to a structure(s) present on;
. Imunol .” 125:1764-1769 (1980); Chin et al.
125: 1770- 1774

(1980); Chin et al., J. Inmupgl. 131: 136811374 RERSEED.

|

are now known 1-a,08)88edr.ands! Qﬁé@?flcally bound to the luminal surface of
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endothelial cells, both on HEV-endothelium and at sites of
inflammation.

. Detection by Western blot analysis

In vitro, leukocytes and LAM-1 cDNA-transfected ce-llé '

shed LAM-1 from the cell surface that can be detected in the
culture supernatant fluid. To determine whether this process
also occurs in vivo, the anti-LAM1-3 mAb, which identifies
an. epitope within the 1lectin domain, was used to
immunoprecipitate reactive materials from normal human
plasma. The precipitated materials were then analyzed by
SDS-PAGE, transferred to nitrocellulose and the presence of
a soluble form of LAM-1 was visualized by Western blot
analysis using the anti-LAM1-14 mAb that binds to a LaM-1
epitope located within the SCR region. Two predominant
isoforms of sLAM-1 were observed, a ~62,000 M, isoform and a

75-100,000 M, isoform. Analysis of the culture supernatant '

fluid from PMA-stimulated Iymphocytes, ‘'neutrophils and K562
cells transfectéd with 1LAM-1 cDNA (K562-LAM) revealed
different, cell-specific isoforms of sLAM-1. = Neutrophils

shed a 75-100,000 M, iS_oform of sLAM-1, that travelled as a

broad band with an ill-defined upper border most likely due
to heavy glycosylatibn (Ord et al., J. Biol. Chemn. ﬁ:wso-
7767 (1990)). Lymphocytes generated a 62,000 M, isoform and
K562-LAM cells shed a 71,000 M, ‘isoform of sLAM-1. No
specific proteins were isolated from the supernatant fluid
of untransfected K562 cells using the above assays, and
preclearing the plasma or supernatant fluid with the
anti-LAM1-3 mAb eliminated subsequent Western blot results.
Therefore, it is likely that the two predominant isoforms of
sLAM-1 identified in plasma derived from both lymphocytes and
neutrophils. Furth_emore, sLAM-1 in serum contained the

lectin, EGF and SCR domains as it was visualized in these

experiments using mAb reactive with the lectin (anti-LAM1-3)
and SCR (anti-LAM1-14) domains, but the M, of sLAM-1 is

A nunber of surface nol ecul es present on cells of various I|neages

heet Has Been Replaced

T



-

rel eased into

Bi‘ol . 5:305-30
receptors, th
transferrin (
et al., J.
(Downi ng et al.
factor (D Stef
wel | as CD8, aff
amno acid s
that are curre
recept or near

(Di Stefano et

al ., M.
245: 1238-1241
defiRitive fun
of the shed re

10

15

20

25

Exp.

Cel I.

B

Rarsal P

mlieu (Tedder, Am

t he extracel | ul ar "J. Respir. Cell Mol.
6 ( 1991)). These include many. of the _
e receptors for interleukin-1, interl euEfTHISQSHF(KID%S BEEN
CD72), insulin, growth hornone, tunor necrosi KEPAGEY ( Porft eu
Med. 172:599-607 (1990)), 8g%ony stinmulation factor-1
, Mol. Cell. Biol. 9 2890-2 11989)) and nerve growth
ano t aI Pro

t?"r?&e EI#'I%r a?]gmas‘?t e glg%rﬁgezr%r% fu(c‘fe%%nd

squabcle.lzedd cds\hl/se aso previqusly describedl rskyteti Alces
PR ,2BR!§0s3l G055 |(oERY, infd Yreades, Ueamenidos:300-
ref’ ane, reIeaS|n nearly |ntact extracel | ul'ar “domai n
308, (208a) INat | . Acad. Sci. USA 85:270-274 (1988); Downing et
( Bi ol . 9:2890- 2896 (1989) Ki shi not o -et aI , Science -
1989); Sperti.ni et al Leykem.a 5: 300 9
ctio tatden e@é&?&%&lhdqbrﬂéﬁﬂ“%| é@FEE# @&%g% many

cept omhe elationnt of sLAM-1 found in human "plasma was
quantitated with a sandwich ELISA using the anti-LAM1-5 mAb.
as a capture antibody and biotinylated anti-LAM1-3 maAb as a
detecting antibody. This specific combination of mAb
provided the highest level of sensitivity so that ~5 ng of
sLAM-1 could be easily detected. The level of sLAM-1
determined by ELISA in the sera of a population of healthy
0.81.0 ug/ml, n=63.
sLAM-1 levels were simultaneously quanti-
tated in plasma with similar results obtained (1.9 =
1.0 pg/ml, n=18). The possibility that sLAM-1 in plasma or
serum might still be membrane bound was ruled out as the same

normal blood dAonors was found to be 1.6
In some donors,

levels of sLAM were found in serum and plasma before and
sLAM-1 was stable in whole blood
left to stand at 20°C before separation of serum or plasma
for'up to at least 24 h.
for up to three months in the presence of azide or repeated

after ultracentrifugation.
Storage of serum or plasma at 4°C

thawing and freezing (up to ten times) did not affect the
ability to detect sLAM-1 in serum. It thus appears that
sLAM-1 is present at relatively high levels in human plasma

and serum.

Quantitation of sLAM-1 in supefnatants of activated

| leukocytes

30

Stimulation or the culturlng of leukocytes has been
associated with sheddlng of LAM-1 from the cell surface. 1In
experiments carried out to determine if sLAM-1 accumulated,
culture supernatant fluid obtained from an erythroleukemia
cell line transfected with the pLAM~1 cDNA (K562-LAM)'was
detectable sLAM-1, in contrast to

found to contain

This Sheet Has Been Replaced




—

I i'gand-"bi nding activity. Thus, receptor function may be regul ated not only

b%]f proteolytic cleavage of the receptor ‘fromthe cell syrface, but also by

the presence of shed receptor in the extracellular enviy CHESHEET H e
AS

shed formof LAM 1 retains |igand-binding activity, however, REBPEACED e

consequence of its presence mght be a pot ial interference WTh

di agnostic or therapeutic adm nistration ofantagonists to LAM1 function.

The shed form O{Jﬁ§p§ﬁ&gﬁgpﬂﬁi§er‘gﬁéf}iﬁ}?tff&“"ﬁ{%m &1 o cultured

conpetitively B mnrs 1 antagonist, thus thwartin

di agnostic ef fattthbe sme density Sdgidanly, medium from freshly i olated

- 6- neutrophils cultured at 37°C for 60 min also contained
detectable sLAM-l. Incubation of the neutrophils with

5 stimuli that do not affect cell surface LAM-1 expression,

granulocyte-colony stimulating factor, interleukin 1,
monocyte-colony stimulating factor, interleukin 6,
_ihterferon v, and interleukin 4, did not induce an increase
in sLAM-1. However, stimulation with formylated
10 methionine-leucine-phenylalanine, lipopolysaccharide, .
'granulocyte/ monocyte-colony stimulating factor,
interleukin 8, and TNF induced LAM-1 shedding corresponding
to their potency to stimulate cell surface expression.
_ Culturing lymphocytes for 60 min at 37°C caused some shedding
15 of LAM-1, which was greatly enhanced by PMA~-treatment.
Quantitation of the amount of sLAM-1 found in the supernatant
fluid following activation of neutrophils and lymphocytes (1
x 10’ cells/ml) varied between approximately 10 to 30 ng/ml..
However, PMA-activation of 1lymphocytes for greater than
20 25 min, and neutrophils for greater than 10 min, resulted in
‘'the gradual degradation of sLaM-1. Degradation was not
observed in the supernatant from K562-LAM cells, where sLAM
was consistently found at cbncent_:rations of 22 £ 6 ng/ml (1.7
+ 0.5% of standard plasma; n=14). Elevated levels of sLAﬁ-l
25 were also detected in the culture supernatant fluid of
lymphocytes cultured with phytohemagglutinin, concanavalin A,
and pokeweed mitogen for 3 to 6 d at 37°C. These mitogens
are known to cause cell surface loss of LAM-1 (Tedder et al.,
'J. Immunol. 144:532-540 (1990)). Thus, loss of LAM-=1 from
30 the cell surface directly correlates with an increase of
sLAM-1 in the culture medium.

Inhibition of lymphocyte binding to activated endothelium

by sLAM-1
sLAM-1 was 'sem_ipufified from plasma by salt
35 fractionation followed by affinity chromatography with the
' anti-LAM1-3 mAb, as described. The column eluate was

-
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SUMVARY OF THE | NVENTI ON We . report here that the shed |eukocyte
adhesi.on nol ecul e-1 (SLAM 1) fromboth | yrrphocyt es and neut rophil's was
demonstrated to be present in high levels in human pl as THI

nmet hods have been used, Western blot analysis and a  sgecial TH S.BEEN
devel oped, guantitative enzyme- | i nked_i ;munosor bent. FL A.
Semipurified sLAM1 from plasma inhibited LAR’/#I specific attachrrent of

| ynphocytes to ¢ toklne ac dot hel i_u
Total inhibiti %@5@%&% 1 ﬁEhBEyF t‘?a@%%eﬁﬂga‘ggga i
sLAM 1 concent oyt 'rmmsmhrﬂ adjusted tphg~a5, paifmle (ﬁhygi d0%gpEatotal eluate

concentrations | :
| ymphocyt e attggmen SLA Inf‘,pfg;ﬂnad’}?#kei?&ﬂﬁ' X tedext)tlf%tlbir%ﬁ%n G R1.>MI

anti-LAM 1 mAb Y620/303 [BGS | g/ Was t o dmeubatesce of1BeBiBeyt esé ﬂbvxeve?’lth
one gpitape pr %?%H kN d-lt dt P dd- Le_hhwh@nau of cd¥b 1 WeFdrest éegamiAihg,

shedding. ©  “HBEHRREAS | SHERTHEGNF 1t00 BERGEHE I RUSRHBHL T, Whi le
sLAM-1 at physiological concentrations caused only partial

inhibition of lymphocyte attachment (32.1 + 15.9%, n = 10),

it was found to inhibit most LAM-1-dependent Ilymphocyte

10 binding at concentrations of 8 ug/ml (52 to 100%) and caused
almost total inhibition of LAM-1 mediated binding at 12 to

15 pg/ml (93 to 100%). Lymphocyte binding mediated by LAM-1

was calculated as the difference between total binding at any

given concentration of sLAM-1 and lymphocyte binding found

15 in the presence of anti-LAM1-3 mAb which blocks all LAM-1
mediated adhesion (Spertini et al., J. Immunol. 147:2565-2573

(1991)). Importantly, sLAM-1 at 15 pg/ml caused no

additional inhibition of lymphocyte binding beyond that

obtained with anti-LAM1-3 mAb alone. When the sLAM-1 samples

20 were precleared with the anti-LAM1-15 mAb (which does not
block LAM-1 function) before the assays, the preparation was

not able to inhibit lymphocyte attachment demonstrating that

sLAM-1 mediated the inhibition. Thus, it appears that sLAM-1

is capable of inhibiting LAM-1-specific lymphocyte adhesion

25 _ to endothelium by binding to its putative endothelial ligand.
| The inhibitory <capacity of sLAM-1 at normal
physiological - concentrations (1.5 pg/ml) was further

evaluated to determine if it could alter the interaction of
-lymphocytes.with endothelium. Endothelium was activated with

30 TNF (100 U/ml) for different periods of time to induce the
LAM-1 ligand in a manner similar to what might happen during

the initiation of an inflammatory response. During the

course of induction of the ILAM-1 ligand, sLAM-1 treatment of

_ the endothelium caused a consistent, but small, inhibition
35 of LAM~l1-dependent lymphocyte' attachment (30% at 2 h, 43% at

3 h, 41% at 4 h, 15% at S h and 22% at 6 h). Again, the
//
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bx‘theished'forn1of_the_receptor, even at physiol ogical concentrations of
§EQN¢1: and the inhibition of binding of nost anti-LAM 1 mAb coul d present
substantial problens for therapeutic reginens requirin

adm ni stration of antagonists to LAM1 function or for d§¥§%ﬁ 'iﬁggBEEN
techni ques.. The -presence of sLAM1 could_r U|re t hat -steh—agernts—be
admi ni stered in excessive doses to be efféc However, our discovery of

ol ccul e and | FORRIORGGP AT SLAM-, MIER Ehe' 89§”§mnen? mpabd il caume

t heLapeULl cdagan greatair rmﬂnibM:tdn dHan mnaftacmbmgﬂ neicdptthe |mdp 1alone.
V\A t hout I ndl ng,to t r | h
venti on genaliy PERXECLhl Rb9Rankaent SE 5l intlamb8eoFy FogRphet Tht
EOtfreagflve\MHS1kikgi¥J$h4t ah@Malnﬂu&&jhﬁnab%%lﬁ?lﬁét?ﬁetﬁﬁ iFRRSE
refgrably, e
ant ?be?:}Uo < c?wn o éﬂiﬁ‘eﬁ@ Ca PehbESH the’ ga¢hienice \u;iﬂ”eam%v#ﬁo aBe

nnnoclonal LAML- 1,
small in this in v1tro assay.

sLAM-1 in serum blocks anti-LAM-1 mAb binding
The presence of qirculating sLAM-1 was further verified
by demonstrating that the reactivity of anti-LAM-1 mAb with
10 LAM-1%* cells could be inhibited by plasma. When lymphocytes
were stained using anti-LAM-1 mAb in undiluted human plasma,
no significant staining was obtained at concentrations of maAb
that were saturating in RPMI/FCS. Next, lymphocytes (1 x
105/100 pl) were incubated with various concentrations of
15 LAM-1 directed maAb diluted (1:100) in autologous plasma or
autologous plasma which had been precleared of sLAM-1 by
immunoprecipitation. After completion of indirect
immunofluorescence staining, antibody binding was assessed
by flow cytometry. In most cases, the presence of plasma
20 inhibited anti-LAM-1 mAb staining when the mAb were used at
2 to 5 pg/ml. Thus, ~13 to 33 pM IgG, (MW 150,000) bound to
~21 pM sLAM-1 (MW 75,000) based on the concentration of sLAM
present in plasma (1.6 pg/ml) determined as outlined above.
sLAM~-dependent inhibition of mAb binding was seen in plasma
25 for mAb which recognize the lectin-domain (anti-LAM1-3, -4,
and -10) and the EGF-like domain (anti-LAM1-5, and -15). In
contrast, binding of the anti-LAM1~-1 mAb, which binds an
‘epitope in the EGF-like domain, was not significantly'
inhibited by the presence of plasma.

30 The LAM1-1 epitope was not detected on sLAM-1 from human
plasma
Since anti-LAM1-1 mAb binding to lymphocytes was not
inhibited by plasma, the epitope identified by this mAb may
not be present on sLAM-1. To examine this further, ELISA
[ —
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-7¢ preferably the antibody is anti-LAM-1 thocIOnér'antibody. The

I iventiton al so features nethods of using the selective antjibody in

di agnostic and therapeutic applications. | n anot h¢rTHIS SHEET HA§ SEEN
i nvention features a nethod for quantitating the anoun{ of LBEB¥LACED
fragment thereof in a sanple that i ncludes acting the sanpre tmabirel ng
assay Wi th a binding agent or l|igand for kg

1 or fragnent thereof, and

Che T ragyent o eEAEeR koA oLl Wi o0 s‘f’?iffaéﬁk}f t ﬂﬂﬁaid%%?r“&e"m“?h@r@m
assayed i s a bboundi ck¢ &mMpPEbISADPlakef éﬁab??PtﬁéeseﬂﬂﬂJé’c ds:iQS' oMi%h the

patient and.
assay isto
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1 BRe3TRAM1 - i 128" ftiR0TEAbtdetERg! Natht ibdde. bi ndingotin

domain-specific'antibodies (anti-LAM1-6, -7, =10 and -11) and
EGF-domain specific mAb (anti-LAM1-5 and -15) gave strong,
easily detectable positive signals. Wells coated with the
anti-LAM1-3 and -4 mAb, which cross-block the binding of the
detecting antibody (anti-LAM1-3), served as internal controls

for background reactivity. In contrast to all other mAb,
- anti-LAM1-1, gave a signal that was not significantly

different from background, as defined by using BSA as the
capture reagent. Thus, the epitope located within the
EGF-region which is specifically recognized by the
anti—LAMl-l mAb appears to be lost from LAM-1 after shedding.
As LAM-1 was easily recognlzed by all LAM-l-specific mAb in
immunofluorescence stalnlng of 1ymphocytes and all
three extracellular domains are preserved on sLAM found in
plasma, conformational changes in the sLAM-1 protein may lead
to the loss of the EGF-domain related LAM1-1 epitope.

In order to determine whether the transmembrane or ,
cytoplasmic regions of LAM-1 are necessary to uphold the
complete tertiary structure of its extracellular domains, a
second form of soluble LAM-1, a LAM-IgG fusion protein was

‘generated and epitope-mapped by ELISA. The chimeric cDNA

used to generate the fusion protein was constructed so that

it contained essentially the whole extracellular region of

LAM-1. Culture supernatant fluid of COS cells that were -
transiently transfected with the chimeric cDNA were tested

' for the production of LAM-IgG by ELISA. The anti-LAM1-5, -7,

and =15 mAb, which detected sLAM-1 in plasma and in
supernatant fluid from PMA-stimulated K562-LAM cells, also
bound the LAM-IgG chimera at similar levels. 1In contrast,
while the anti-LAMi1-1 mAb failed to generate a significant
signal with sLAM-1 from plasma and K562-LAM transfectants,
it readily bound the LAM-IgG fusion protein. Thus, it is
likely that sLAM-1 generated -in vivo or in vitro loses a
heet Has Been. R"Placed
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be used as a di agnostic vari abl e; the binding assay is Er-her—anELLSA or a
V‘esterh blot; and the binding agent is an anti- LAM 1 gnf{ISo¥HEET HAS BERN |
anot her aspect, the invention features a kit for use i ntquanREPIAGERy t he
amount of LAM 1 or fragnent thereof in a -sanple. The kit includes
conponents required for extraction of the sanple and conponents necessary
for use in a binding assay, including a br na?ng agent or | igand.for LAM 1

w11 be appar chECERGREh ST TR HETALCReRRRTRARE, (5 Che, PRI | £

enbodi ment s t han&df~LAML-fIr enAk Peindixigys . - DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS . Devel opnment of the sLAM 1-ELI SA al 1 owed for t he
first tine an easy, fflClent and sensitive nethod for
quantification of s ssiian @f déM-dedghhunan cnfkamnadeny | Higsuesn and

supernatant fluid f pyEsEiapI3,eGLIMLT ODRi §énapated THROGNMWRS a@niémcybaa
the |5n vivo an%e'c%m\g tégt:{vated and/or transmlgrate through endothelium.
It has also been observed that leukocytes isolated from

various tissues express little LAM=-1 (Tedder et al., J.

Immunol. 144:532-540 (1990)), suggesting that as the cells

_ tranémigrate the endothelium or localize in tissues, that
10 they shed LAM-1. However, the presence of cell surface LAM-1
' was not strictly restricted to leukocytes within blood
vessels as revealed by immunohistochemical analysis:
Extravascﬁlar leukocytes positive for LAM-1 were seen in all

_ tissues examined, and these included, where present,
15 lymphocytes, neutrophils and monocytes. The process of
extravasat'ion does not result in complete loss of i

cell-surface LAM-1 from all cells as lymphocytes which

appeared to be traversing between endothelial cells remain
LAM-1*, and some transmigrating 'monocy"tes "also appeared _

20 LAM-1*. In general, monocyte/macrophages and granulocytes :
' localized within tissu'es were largely LAM-1 negative,'
however, some extravasated neutrophils and macrophages. were

LAM-1%, Most importantly, focal staining of venular
endothelial cells was observed with anti-LAM-1 mAb in 2 of

25 4 hyperplastic lymph nodes, 2 of 3 sarcoid lymph nodes, on
' 1 of 4 rheumatoid synovia, in 1 of 3 specimens of inflamed
skin, and 2 of 4 of appendicitis. This endothelial staining

is consistent with the notion that sLAM-1 is capable of

binding to its ligand on the apical surface of endothelium.

30 Experimental Procedures
' _ Antibodies | _
LAM-1 directed mAb were the anti-LAM1-3, -4, -6, -7, -8,
-10, =11, and .-12 mAb directed against epitopes within the
lectin domain, anti-LAM1-1, -5 and -15 reactive with epitopes

Ttus Sheet Has Been Replaced
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of LAM 1 Ieukocyte surface expression is due to sheddlng The extent of
sheddlng Is high; in a population of normal healthy bl ood donors the. nean
serum | evel of sLAM1 was determned to be 1.6 0.8 [erir gKsN¥HEET HAS BEEN
- 8- The shed formof LAM 1 was found to be differgnt fraspidesccel
surface-bound formin one major way. sLAM.,did not coftain the epitope
within the EG--1ike domain of LAM1 |dentif|ed-by the anti-LAML-1 mAb,

Wlh' l'e this epl&f&&h%ﬁ@%&é%ﬂ@%&% afaCAnEELLARYL A 3CHn Ll e d KBBSEELRT
the SCR regions of LAM-1, all of the IgG,isotype'(Spertini
et al., J. Immunol. 147:942-949 (1991)). The anti-LAM-1 mAb -

. were purified by salt - fractionation followed by anion

5 . exchange chromatography, = with the mab qoncéntration'
' | determined by 1light absorptionm The anti-LAM1-3 mAb was
bound to CNBr-activated Sepharose 4B (Pharmacia’ LKB
Biotechnology, Piscataway, NY) at 2.5 mg of mAb bound per ml
of beads (anti-LAM-Sepharose) using the methods of the
10 manufacturer. -

Isolation of blood mononuclear cells
Heparinized blood was obtained according to protocols
approved by the Human Protection Committee of Dana-Farber
. Cancer Institute, Boston, MA. "Mononuclear cells were
15 isolated by Ficoll Hypaéue density gradient centrifugation.
Cells were immediately suspended in RPMI 1640 (Gibco-BRL,
Gaithersburg, MD) containing 10% FCS and kept at 4°C until
use. In most instances, these cells will be referred to as
lymphocytes since 85 to 95% of the cell population was
20 lymphocytes as determined by morphology (erght's stain) and_' 
flow cytometry analysls. Neutrophils were purified by
centrifugation on a cushion of Mono-Poly Resolving.Medium
(Flow Laboratories, McLean, VA) followed by lysis of the red
_ cells with ice-cold hypotonic 0.2% (w/v) NaCl solution.
25 ' Granulocytes were finally resuspended in HBSS cbntaining
5% FCS (Sigma, St. Loﬁis, MO). When SLAM was obtained for
Western blot analysis, the mononuclear cells were first
incubated in plastic dishes for 30 min in RPMI/10% FCS at

37°C to remove adhereht_ monocytes. Nonadherent cells
30 retained surface LAM-1 and were predominantly lymphocytes
(~99%) . '

Cell cultures .
Lymphocytes were cultured  in 24 well plates (Costar
Corp., Cambridge, MA) at 10%/ml in RPMI 1640 medium
cet Has Been Replaced |
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J., "Cell Biol. 114:351- 358 (1991);  Spertini et al., J. |Inmmnol.
147: 942-949 (1991); Tedder et al., J. Innunol. 144:532-540 (1990)). This
was reveal ed both by ELISA analysis and by a |ack of conpetitive inhihiti

i n i mmunof | uorescence staining of |eukocytes. Since the BEGHISISHEET HASEBEEN |

iy

retained in sLAM1, it is possible that altggations in the t er RERUFACED

structure of LAM 1 occur followi ng shedding that result inm a Iack of

anti-LAML- 1 ob.iez(ildl Thijpd gags of rAnGidgndtakiaes, nOtpéﬂﬂ@ﬂliﬂ be aua
to technical prob ens the LAM1 ‘epi tope was readily em)nstrgt ed to

present on a s&tdsptomyaingc The Seliswene cultured ‘u‘"éét%'ﬁ ognag/mi)
Char act eri zat | @pro60ShAl Before Ehé\iltiures aiediapRay harvestedeandetebted

bot h | ynphocyt and t.rophi | ce the analysis, of sLAM1,.is

neut r ophi | s (9%°f05 B? Sl?‘J?##}}'yrrph kg@‘ﬂil%oo"ﬁ%rrfﬁ‘ 8%?%8@%&

bands of corpe&mnd:pﬂed\{ elruli»es atTBexdl:lJ‘Q‘eceﬂl&s$mEln fovf &0 ]mi;mtabeﬂﬂc

| ynphocyte and el trOphlﬁx SL%&/S% FCS medium alone or containing
granulocyte/monocyte-colony stimulating factor (25 ng/ml; a

gift from Drs. Steven Clark and Gordon Wong, Genetics_

Institute, Cambridge, MA) , monocyte-colony stimulating factor
10 (100 ng/ml; Genetics Ihstitute) ’ tumor necrosis factor-a
'(TNF-a; 100 U/ml; Genzyme -Corp., - Cambridge, . MA),
lipopolysaccharide (1 ug/ml; Escherichia coli 011:B4; Sigma),
formyl-methionyl-leucyl- phenylalanine (10% M; Sigma),
interferon-y (1000 U/ml; Genzyme Corp., Cambridge, MA), or
15 interleukin-18 (10 U/ml; Genzyme Corp., Cambridge, MA).
' After culture, the supernatants were tested for the presence
of sLAM-1 by ELISA. The human erythroleukemia cell line K562
was transfected with the pLAM-1 cDNA as previously described
(Tedder et al., J. Immunol. 144:532-540 (1990)) and was be
20 ~ called K562-LAM throughout. These cells were cultured in
RPMI 1640/10% FCS and were kept at cell numbers between 0.2
to 1 x 10° cells/ml. All cells were incubated at 37°C in
5% CO, with 100% humidity. "

Indirect immunofluorescence analysis
25 | Indirect immunofluorescence analysis was carried out
after washing the cells three times.. Cells (1 x 10° cells)
were resuspended in 100 pl of media containing wvarious

concentrations of the indicated mAb, and incubated for 60 min

at 4°c. After washing, the cells were treated with

30 FITC-conjugated goat anti-mouse Ig antibodies (Southern

Biotechnology Associates, Birmingham, AL) for 20 min at 4°C.
The cells were washed, and fixed (1% paraformaldehyde in
PBS), and single color fluorescence was determined on a flow
cytometer (PROFILE™, Coulter Immunology, Hialeah, FL).
35 Ten thousand cells were analyzed for each sample and the mean
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nost IiRely result’ fromdifferences in glycosylation of | gﬁt SEHERTHAS BEEN
species since only a single LAM1 nRNA speci es has been ntm&pgdcmixd et
al., J. Biol. Chem 265:7760-7767 (1990)). C eavage of L¥w+—to produce
SLAM 1 is likely to be proximal to the transnmenbrane regi on encoded by exon
VIl (Od et al., supra); cleavage in this rggion would account for the
smal|l difference in Merr] between the intact cellular LAM1 nol ecul e and
L5 shed form (SLapi Dienfe1 3l mmBEpC ¢ Bﬁ‘ﬂgoéﬁﬁﬁ!veﬁ' sEEAnEd 2e441224%ras

(1990); Lasky e 56: 1045- 1055 Spértini et al., Leukem a
5: 300 308 (1991<;9term1ned using a linear scale.

In some experiments, cells were stained in the presence

of human plasma. sLAM was precleared from an aliquot of the

5 . same plasma by immunoprecipitation with anti-LAM-Sepharose

(1 ml of beads per 4 ml of plasma). The efficiency of the

immunoprecipita-tions was tested by ELISA (< 20 ng/ml).

Lymphocytes (1 x 109 wére_resuspended either in 100 ul of

plasma or precleared plasma containing various concentrations

10 of the purified mAb (added 1:100) as indicated. The cells
-were washed twice, stained and analyzed as above.

Endothélial-leukocyte attachment assay

Lymphocyte adhesion to cytokine-activated endothelium

under non-static conditions was determined in a test system
15 adapted from the Stamper/Woodruff assay for frozen tissue
' sections (Stamper Jr. et al., J. Exp. Med. 144:828-833
(1976)) exactly as described (Spertini et al., J. Immunol.
147:2565-2573 (1991)).  Briefly, human umbilical vein
_ - endothelial cells (HUVEC) were isolatéd from cord veins, and
20 , grown in M199 medium supplemented with 10% FCS, endothelial
cell growth factor (50 ug/ml, Biomedical Technologies, Inc.,
Stoughton, MA) and porcine intestinal heparin (50 mg/ml;
Sigma) as described (Spertini et al., J. Immunol. 147:2565-
2573 (1991)). Endothelial cells were grown to confluence- ‘on
25 . gelatin (0.1%) coated glass slides and stimulated with TNF—a
' (100 U/ml) at 37°C for the times indicated. The monolayers
were carefully washed, and incubated at 4°C for 15 min with
75 pl of R?MI]lO% FCS alone or containing semipurified
SLAM-1. As a control, in some instances media containing
30 semipurified sSLAM-1 were precleared by immunoprecipitation
- with anti-LAM-Sepharose, Without further washing, 5 x 10°
lymphocytes in 75 ul of the respective media were added.
After 20 minutes of incubation at 4°C with rotation at
64 rpm, the slides were rinsed, then fixed overnight in
35 glutaraldehyde, (1% (v/v) in PBS; Polysciences, Warrington,
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-9 ' The concentration of sLAM1 was determ ned by copparison wth—a——
reference plasma sanple that ranged between 0.85 to 1.9 [ef (THd¥ BHEEThEAP BFEN
been standardi zed by two i ndependent neans. The nean of th|s rarREELAEED '
values of 1.3 [err]g/m should represent a conservative estinmate of the
actual amount of sLAM 1 present in plasm,_ was therefore chosen as the
basis of all future calcul ations. Theoretical considerations based on

exper i nental daﬁ& deéﬁ&egtgiﬂghs Q‘i‘éﬁkm MBI S die KeeMpeAVbE adherent
fur su

transfectants her stantiate the validrty of, this estinmate.

1 | L Assym

that 30 to 40, Cbenkogytespvasydedexmdngde RhiCHPERG KSBICTARFERAL, f&ﬁ&%%
that all nol ecu¢@§0§ N7 i@AQ) aaRashatk f pebatsg wide sekpiteasedn, as hmeans
concentration of sLAMin plasma can be cal cul ated by conparing the
concentration of 8¥AM 1 (1.7%the concentration of standard plasm) shed
from K562 transfectants (1 x 10[err] cells/m) to,a titration curve of . ..
standard plasma. According to this .calcul.ation. concentrati ons woul d
lie i®h the range of 2.1 to 2.8 [er r]]cnwl}cﬂ%ha%%%érﬁlcgo!n% derations nmake it

Blocks of fresh human tissue were snap frozen. The

specimens were peripheral 1lymph node (non-specific
hyperplasia, 4 cases), sarcoid lymph node (3 cases), acute
. appendicitis (4 cases), rheumatoid synovium (4 caées) , and
10 inflamed skin (insect bite, delayed hypersensitivity reaction
to tuberculin, and pityriasis lichenoides chronica; 1 case
each). Immunohistochemistry was performed on cryostat
sections using the anti-LAM1-3 mAb and an
avidin-biotin-peroxidase method with diaminobenzidine (Rice
15 et al., Am. J. Pathol. 138:385-393 (1991)). As a control,
a murine IgG, (Coulter Immunology, Hialeah, FL) of irrelevant
specificity was used at a concentration three times si:ronger
than the test mAb. The control IgG did not produce
detectable staining and thus all stated results refer to
20 specific staining only obtained with the test mAb.

Production of the LAM-l and IgG chimera cDNA and prdfé_i_n
The 1400-bp BanII fragment from a cDNA encoding the CH1
through CH3 domains of the human IgG, 'constént region was
inserted at a BanII site introduced into pLAM-1 cDNA (Chin
25 et al., J. Immunol. 125:1770-1774 (1980)) by oligonucleotide
directed mutagenesis. The exchénge of nucleotides in pLAM-1
cDNA from GAGGGT"® to GAGCCC created a BanII site
corresponding to amino acid number 370 in the membrane
proximal region of the mature protein. The antisense
30 oligonucleotide used to generai:e the new restriction site,
plus a sense oligonucleotide anchor from the plasmid 5/ end
of the pLAM-1 cDNA were used to amplify the 5/ end of pLAM-l
cDNA. The PCR product was treated with T4 kinase, gel’
purified, subcloned into pSP65 (Promega Biotech, Madison, WI)
R
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generated fromthe shedding of cell surface LAM1 by bl ood
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product was sequenced, and the conservation of LAM=-1 and IgG;
restriction sites in the pLAM-IgG, DNA was confirmed by
restriction mapping. The LAM-IgG, DNA was subcloned into the
Ap'M8 expression vector (provided by Dr. Lloyd Klickstein,
Center -for Blood Research, Boston, MA) and used to
transiently transfect COS cells by the DEAE dextran method.
The transfected COS cells were cultured in AIM-V serum-free '
media (Gibco-BRLO and the supernatant fluid containing the
chimeric LAM-1/IgG, fusion protein was harvested after 3 4.

_ Soluble LAM-1 purification _

sLAM-1 was semipurified from plasma obtained from
heparinized human blood. Plasma was salt-fractionated with
Na,S0, (18% w/v) before the SLAM-1 containing supernatant
fraction was dialy-zéd against 0.02 M Tris buffer (pH 8.0),
0.5 M NaCl. The sLAM-1 preparation was further purified by
aff inity column chromatography using anti-LAM-Sepharose.
sLAM-1 was eluted from the column with 0.1 M Na acetate

buffer (pH 3.5), 0.15 M NaCl and the low pH of the eluate was

immediately raised by the addition of 2.0 M Tris buffer
(pH 9.0). The pooled fractions of the eluate peak were
ultrafiltrated and resuspended in PBS. The concentration of
sLAM-1 was determined by ELISA and subsequently adjusted to
approximately 15 ug/ml in PBS. At this sLAM~-1 concentration,
the total protein concentration of the samples varied between
130 to 220 ug/ml as determined by light absorption, and
sLAM-1 represerited ~6 to 10% of total protein.' In general,
this procedure gave a 2200 to 3700 fold enrichment for

sLAM-1. For use in 'lympho_cyte—endothelial adhesion assays,
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4.~ 1. " -10 - reveal ed sLAM 1 specificall _
| &mi nal surface of endothelial cells, both on HEV-endot hd —rmmsaﬁﬁTﬁAss‘?EtE
of inflammation. Detecti on by Western bl ot lanal yREBLACED »
vitro, leukocytes and LAM1 cDNA-transfected cells shed L romthe cell
surface that can be detected in the culturesgupernatant fluid. To determ ne
whet her ‘this process also occurs in vivo, the anti-LAML-3 mAb, which

identifies an eRidi3Rer#¥idd NsihR-1eGhsn tamBiferreds iyt RFMI 1640/10% FCS

i mmunoprecipitate reactive materjals from nornmal human
PreciPll Sy further ultratiftration.

11"

Western Blot Analysis

sLAM-1 was semipurified '-'f.rom plasma as described above
5 ‘and further purified' by immunopre_cipitation using
anti—LAM-Sepharose with repeated washing of the beads in
alternating high salt (0.5 M NaCl, 0.2 ¥ Na-deoxycholate) and
low salt (0.125 M NaCl, 0.05 % Na-déoxycholate) RIPA buffer
(100 mM Tris pH 8.0, 1 '$ (v/v) Triton X-100, 10 mM EDTA,
10 10 mM EGTA, 10 mM NaF, 1 mg/ml BSA). Proteins were eluted
from the Dbeads wit_h 0.1 M acetate buffer (pH 3.5),
0.15 M NaCl. Supernatant fluid from PMA-stimulated cells was
also analyzed. Cells (1 x 107/ml) including, neutrophils
(10 ng/ml PMA in RPMI 1640 for 10 min at 37°C), lymphocytes
15 (10 ng/ml PMA in RPMI 1640 for 25 min at 37°C) and K562-LAM
transfectants (100 ng/ml PMA in PBS for 120 min at 37°C) were
induced to shed essentially all detectable cell surface
LAM-1, before being pelleted by centrifugation (4°C, 400 x
g, 10 min). The supernatant fluid was saved and concentrated
20 ten fold by ultrafiltration (Amicon Corp., Danvers, MA).
Protein samples (100 pul) were applied to a 7.5%
SDS—p_olyacrylamide gel, electrophoresed and blotted onto
nitrocellulose. Western blot analysis was performed using
the anti-LAM1-14 mAb (ascites, 1:2000) as the antigen
25 detecting antibody. The blot was developed using alkaline
phosphatase conjugated goat-anti-mouse IgG, antibody
(Southern Biotechnology Associates) and NBT/BCIP as substrate
(Promega, Madison, WI). In preliminary experiments, the
anti-LAM1-14 mAb was the most sensitive of the twelve
30 anti-LAM-1 mAb tested, of which anti-LaM1-3, -4, -8, -10, -14

and -15 mAb were found to give positive staining.

. Soluble LAM-1 ELISA
Wells of microtiter plates (96 well, flat bottom,
E.I.A./R.I.A. plate, Costar, Cambridge, MA) were coated with
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pl asma. © The preC|p|tated materials were then analyzed by SDS- PAGE,
t.fransferred to nitrocellul ose and the presence of a soluble formof LAM1
was visualized by Western bl ot analysis using the anti - AVE—T4—mA A£§%=N
binds to a LAM1 epitope located within the SCR region. T 7% Sindnt
i soforms of sLAM1 were observed, a -62,000,Merr] isof -
Merr] isoform Analysis of the culture supéfnatant fluid from

"PMA- st i | at ed 2 t ' t
DA 3 cONA ( KoBDETARE-d, Bl RUGoDRE ) 298 BP97NCBOERELI BAFEEE, s 1] py
Neut r ophi | s shédCaf®E-18oho0Faklawing mpvmsbie%mnmr#ﬁabuﬁevedle@lhaea

broad band wi t hray,i blo ¢ TRad lﬂipef s0rley mc ' i{ﬁﬂé/ whiEld Gyd¥e@V¥locked |
gl ycosyl ati on Chem 265: - 73% %%990
Al

Lynphocyt es geg'lé'ftg't ér8°a"é2°606§|\/f’8?'ilf'eu S8YBR R humksea c%#%teneana“s
71,080 Merr] ifeafarm at sleM.l Thel\besmscwére pashed nshree etines arithf TBs

the super nat ant | { ed 62 S usl ] a .

and precl eari n§°§’ﬁ ig\lglsqnaa %%?a%& fﬁf}?’#w t?lar{%ertg%t ?E%%ﬁmégmes
el i m nat ed subddduded WB@DeEBSEId50rpimlwereThédedote,triplicatGeW9ltaafor
‘the two predomgpaginl SOE 02880’  Each assay included the titration of a

previously quantified standard plasma sample that was used

0

10 to generate a standard dilution curve. Dilution into fetal
calf serum or pig serum had no significant effect on results.
- After being washed four times with'TBST,-the plates were
incubated with 100 pl of biotinylated anti-LaM1-3 mAb
(1 pg/ml) in TBST for 60 min at 20°C. After another four
15 washes, 100 pl of avidin-horseradish peroxidase (0.1 ug/ml,
Pierce, Rockford, IL) was added for 30 min at 20°C. After
four more washes with TBST, the plates were'finally developed
using 100 gl of o-phenylenediamine (0.125% w/v, Sigma
Chemical Co.) as a substrate in 0.1 M citrate buffer, pH 4.5
20 in the presence of 0.015% H,;0,. The OD of the reaction
mixture was quantitated using an ELISA-reader (v-max, kinetic
microplate reader, Molecular Devices, Ménlo Park, CA).
- Results were obtained when the OD for the well containing the
highest concentration of standard plasma was ~0.8 at 495 nM.
25 Beckground OD values were obtained using wells coated with
albumin only. The ELISA was made quantitative by using a
standard plasma to generate a titration curve for each assay.
The relative concentration of sLAM-1 in individual samples
was calculated by comparing the mean OD obtained for
30 triplicate wells to a semilog standard curve of titrated
' standard plasma using linear regression analysis. Sample
concentrations were obtained by interpolation of their
absorbance on the standard curve.
The amount of sLAM-1 present in the standard plasma was
35 quantitated in two ways. First,‘K562-LAM-1 cells (~11 L of
' cultured cells, ~1.1 x 10 cells) were resuspended in PBS
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SLAM 1 identifi ed in plasma deri ved from bot hl yrrphocyt es and neut roph| l's.
Farthetnore, sLAM1 in serum contained the lectin, EGF j
it was visualized in these experinments using mAb reacti SHEETHIAS EEEFI’
(anti-LAML- 3) and SCR (antl-LAI\/[L 14) dorral ns, but the A '
REPLACEMENT SHEET 24 =" 11 - smaller than that
for LAM1 isolated. from detergent sol ubfTized calls as previ ously

described (Lasky g 1@¥. cei:ﬂs}ml536aﬁ945ei=@5§tﬁi%§3):edsﬁﬁfﬂi BMEt (2006 ' ng/ml)
Leukem a 5: 300 308 (19 ‘2

37°c. The supernatant fluid was collected,
concentrated by ultraf:tltratlon and affinity purified by

column chromatography using anti-LAM-Sepharose. : The

5 semipurified sample was electrophoresed on a 10% SDS-
polyacrylamide gel that was subsequently stained by
Coomassie-blue to reveal a prominent band of 71,000 M, and
additional bands of ~180-, 57—, 47-, and 22,000 M.. The
‘destained gel was scanned using a Hewlett Packard Desk
10 Scanner and the density of the 71,000 M, band was guantitated.
' _'against a standard curve generated with BSA uSincj the
Enhance™ program (Microsystems, Des Moines, IA) on an Apple

- Macintosh IIcx computer. The concentration of sLAM-1 in the

standard plasma was calculated to be ~1.3 ug/ml by comparing

15 the signal from semipurified sLAM-1 to the LAM-ELISA
' titration curve of standard plasma with linear regression
analysis. The detection 1limit of the LAM-ELISA was
determined to be > 5 ng/ml. In a second set of experiments,

COS cells were grov}n in serum free medium after transient
20 ' transfection with the LAM-IgG chimera cDNA. Supernatant
fluid was collected from the cells and run over a Protein-A

Sepharose (Pharmacia . LKB Biotechnology) affinity
chromatography column, and the fusion protein was eluted frotn

_ the column by high salt-low pH buffer. The purified fusion
25 . protein was quantitated after SDS-PAGE analysis by comparison
of the stained protein band with a standard curve of BSA.

From this analysis, it appeared that OD values for standard

plasma would be equivaient to ~1.9 ug/ml of LAM-IgG fusion

protein. Since the dimeric nature of the fusion protein

- 30 might double the inten'sity of staining in our sandwich ELISA,
the amount of sLAM-1 in the standard plasma may be half the

- value of ~1.9 ug/ml. '

Test samples of human plasma, pig serum, and culture

supernatant fluid from K562-LAM cells, LAM-IgG CcDNA-

35 transfected COS cells and mock transfected COS cells were
examined in the ELISA for the presence of sLAM-1.
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Q,lantltatlon of sSLAM1 in plasm and serum by ELI SA The  anount of
SLAM1 found in human plasma . was quantitated vmtl?'
using the anti-LAM -5 mAb as a capture ant i body and Dbij MMHASBEEN
anti-LAMLI-3 mAb as a detecting anti-body. This spedlfic RERRACHRAt | on { of
mAb provi ded t he hi ghest |evel of sens‘iti_\_/id%%l so that -5 ng of sLAM1 could
be easily detected. The | evel of sLAM1 ermned by ELISA in the sera
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times) did notlevédstinhplasma on three different days was 4.5%. There was
no: ._s.1gn1f1cant difference in sLAM-1 levels found between

_ samples after freezing or after freezing-thawing up to ten
10 _ times and no apparent decrease in ability to quantitate sLAM-
- 1 amounts in whole blood left at r'ooin temperature for several
hours. Therefore, sLAM-1 was quite stable in whole blood.
~ The amount of sLAM-1 found in a population of normal
individuals was determined for serum (1.92 * 0.96 ug/ml,
15 _ - n=18). Plasma was also simultaneously isolated from the same
“individuals and quantitated in the LAM-ELISA, which gave
average sLAM-1 levels of 1.91 * 0.98 ug/ml. sLAM=-1 could
‘also be detected in tissue culture _supefnatant fluid.
Following lymphocyte activation with mitogens, increased
20 levels of supernatant fluid sLAM-1 were detected by day 1 and
' levels increased over a 6-day culture period.

Use
Monoclonal antibodies that do not ideﬁtify shed receptor
LAM-1 yet identify the cell-surface receptor can be used as
25 ' therapeutics for direct administration to patients. The usd” a
of antibodies of the invention will prevent many of the -
secondary side effects of antibody administration that may
result from immune complex formation and cross-linking or
binding of antibody to the soluble form of the receptor.
30 o Also, since the shed form of the 'r._eceptor is a naturally
occurring molecule present in high levels, it is possible to
design recombinant protein products that are similar in
structure to sLAM-1; i.e., a recombinant protein without a
membrane spanning region and a cytoplasmic tail would mimic
35 the natural serum protein. This characteristic would
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ability to detect SLAM1 in serum |t thus appears that sLAN¢1 i's present

at relatively high levels in human plasma and serum i 1 e f

sLAM1 in supernatants of activated | eukocytes Sti nﬂ{gk% dif% %%é

culturing of |eukocytes has been associated w th sheddiing-of A rom-the

cell surface. In experinents carried out to getern1ne I f SLAM 1

accunul ated, culture supernatant fluid obTaPRed from an erythrol eukema

cell line tran A :C 62- ; - qant
ﬁ@%ﬁ%ﬁr{: O{;ﬁ? agﬁn{&éolgel‘nc% -(clfé %uhﬁMa V\@écgﬁﬂggahg " ehe

det ect abI e SLA
species of origin and allow use of the receptor as a

therapeutic product as well. Minor changes to the primary

amino acid sequence of the receptor in the ligand binding

5 region could be . introduced to induce a higher binding
' constant or affinity for ligand; This modified, truncated
‘recombinant protein could then be used in soluble form as a
therapeutic with low immunogenicity yet a higher capacity to

bind and block ligand binding of the cell-surface receptor

10 | ' protein. '

Antibodies of the invention will also be useful as'
diagnostlc agents. For example, the ability to identify
leukocytes that express cell-surface LAM-1 is important for
determining the migration potential of a given population of

15 cells and the state of cellular differentiation and
activation. Because of the high levels of sLAM-1, it will
be difficult to use antibodies in the prééence of biological
fluids to identify the cell-surface molecule. However,
antibodies like anti-LAM1-1 will be useful for identifying

20 receptors present only on the éell-surface since they do not -
react with shed receptor in blood or "biological_ fluia
-samples. : For example, whole blood indirect.
immunofluorescence analysis will be facilitated and the in

. vivo imaging or analysis of receptor d:l.strlbutlon will be

25 possible with s1gn1f1cantly lower amounts of antibody.

Also, monitoring of the levels of sLAM-1 could provide' _
diagnostic or prognostic information felating to inflammatory -
disorders, leukocyte mobilization, malignahcy or infection.
For example, since levels of sLAM were easily and accurately

30 " quantitated in serum from normal individuals, serum levels
of sLAM-1 were measured in patients with various states of
systemic inflammation or infection. While patients with
severe burns had sLAM-1 levels similar to those found in the
normal population, serum from Kawasaki syndrome patients had

35 sLAM levels generally less than those of normals. In
contrast, patients suffering from sepsis or HIV-infection
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- 12 - "supernatant fl ui d obt ai ned from unt r ansf ect ed cel | s—cultured at the
same density. Sinmilarly, nmediumfromfreshly isolated neut foPHS|SHEETIHAS BREN
at 37[err]C for 60 min also contained detectable sLAM 1. |_nc ubBREFLSYGEDS

the neutrophils with stinuli that do not -affect cell surface LAM1
expression, granul ocyte-colony stinulati ngz7 factor, I nterl eukin-1,
nonocyt e- col ony stinul ating factor, | nt erI eukl n 6, interferon

[err], and int |
However , stimu S at | Oﬁ:a%keﬁ%l‘} a'%%‘éf%(? | on| ne- eucﬁ%ﬁy‘fh?am ne,
| i popol ysacchasllsalfg-mmﬂ&csiﬂ-&ferenﬁo|6BC§/t%~QQﬁ)orf}'°m thatnpfaaipgpulation

factor, interlggki ﬁo§ma§ndbif&l!§a' ngoKées LAV Lraeqdi %scoalaépoaétaetéa in .
their potency to stinulgte _cell ,surface expression. Culturi n‘g%’égg) tes

for 60 min at SPFEPYPEPdRRdeFludfe bHEqhRgleVeLm\Of SLaMzH §11Y
enhagced by PMBnlyecol 6edd. 68l tiHicEd Foudid like nomaldt sefuml. AVFHuS pualitered

the supernatantLAM -1 levels, as an 1ndlcatlon of leukocyte mobilization or
activation, have diagnostic or prognostic value for
inflammatory or infectious disorders. '

The assays described herein demonstrate that detection

10 of sLAM-1 levels in solution is readily achievable.
Furthermore, quantitation of sLAM-1 levels in a very precise
manner is also achievable, even when the 'sLAM-1 is contained
within a biological fluid. Also revealed is that
quantitation of sLAM-1 1levels in biological fluids from

15 patients may have diagnostic value.

One of ordinary skill, after read:.ng the foregoing
descriptions will be able to effect a variety of means for
detecting not only sLAM-1, but also the parent protein LAM-l
_ or any fragment of LAM-1. Detailed descriptions of two
20 ' binding assays have been provided, Western blot analys1s and
'~ an antibody-based ELISA. However, other agents which bind
selectively to LAM-1 may be used to capture or reveal the
presence of LAM-1, or fragments thereof, such as carbohydrate
moieties, including PPME, fucoidin or other LAM-1 ligan_ds:{;:

25 Cell based capture mechanisms such as cytokine-activated:
endothelium or tissue sections that contain the LAM-1 ligand
could also serve as binding agents.

In addition, the capture of LAM-1 or fragments thereof
can be assessed by a variety of means obvious to those with

30 skill in the art. For example, alterations in the structure,
resonance or optical properties of the capture reagent or.
detectihg reagent can be measured to reveal LAM-1 binding.
The capture réage‘nt may also be a polyclonal antiserum
specific for LAM-1 or fragments thereof. Detection reagents

35 can also be labeled using radioactive, iinmurioreactive, or
enzymatically active agents or compounds to visualize
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f1di d fol | ow ng activation of neutroph| | s and I'ynphocytes (1 x 10[err]
cells/sm) varied between approximtely 10.to 30 ng/m . '
PI\/A- activation of |ynphocytes for greater than 25 nmin,}an S THS%PFENf-Pr
greater than 10 mn, resulted in the gradual degradatlo ;
Degradation was not observed in the supernatgnt_from K562-LAM cel I's, where
SLAM was consistently found at concentrations of 22 6 ng/m (1.7 0 5% of

standard pl asnmg,j },ﬁ% | gy ts&ahexshs %h%'—wptdiper erahaan@etﬁayechw ae

cul ture supernatant uid of |ynphocytés culturéd with 1ytoe Iut|n|n
concanaval i n A se@@ifiRendO¥ nmlddfh foF 3fragments; 3"4% Fogdhdi-1

are known to ¢ écffiblﬁylrxﬁa’%ﬁﬁbé %?caqfndd%hi-o@ndﬂné wie BDE LAH-]I maxﬂfm

144: 532- 540 (19 %& Thus, | oss . of LAM é{’n e"tffel surface ﬁ%

correlates wt chindreagentsy), ar RTHY R ERRERPT Inﬁaﬂ b %’no

| ynph®cyt e bi ndépgcipiacandathd eapburel reagent specific.

sLAM 1 sLAM 1 Q&Qﬁutié%ﬂuréé' Pt'ﬂme B'in%@ntpl 8t rrBI..AMb:Y o°ta| tfrac_:;ments
thereof, present in a samp.le can also be achieved using a
variety of means. For ‘example, recombinant LAM-1 protein or
fragments can be used as a standard as was demonstrated in

10 the assay for natnrally occurring sLAM-1 in serum or plasma.
| Also, LAM-1 or fragments thereof produced in tissue culture
supernatant fluid of mammallan, bacterial or 1nsect cells can
be used. - Even small peptide fragments which will bind to the
capture reagent can be used to assess and quantitate LAM-1
15 | binding in a competitive assay, or the displacement of small
molecules from the capture reagent by LAM-1 can be used to
guantitate the amount of LAM-1 present. - :
While the present invention has been described in
conjunction with a preferred embodiment, one of ordinary
20 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
25 -definitions contained in the appended claims and equivalents
thereof.

Deposits |
Hybridoma LAM1-1 was deposited on July 28, 1991, with
the American Type Culture Collection (ATCC) as ATCC

30 " No. HB10844. | -

' Applicants’ assignee, Dana-Farber Cancer Institute,
Inc., represents that the ATCC is a depository affording
permanence of the deposit and ready accessibility thereto by

.~ the public if a patent is granted. All restrictions on the

35 availability to the public of the material so deposited will

.
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fractiohation foll owed by afflnlty chr omat ogr aphy with the antl-LAMl 3 mAb,

as descri bed. The col um el uate was

{3 - concentrated and the level of sLAM 1 present was quantltat—,g_.b.y.-E ISA
and adjusted to -15 [err]g/m (6 to 10%of total el uate-prulRhnias BEFNAM 1,

at different concentrations, in RPM 1640/ 10% FCS nan ed :
(15 mn, 4[err] O vmth cyt oki ne- act TvaPed endot Heli S before

O L TR S AGP ed &y SRIShAR! AT BRERMINGAY b patide. SLl!

at physi ol ogic

N; !L:

mater:.al w111 be available during the pendency of the patent

application to one determined by the Commissioner to be

_ entitled thereto under 37 CFR 1.14 and 35 USC 122. The

5 deposited material will be maintained with all the care

necessary to keep it viable and uncontaminated fof a period

.of at least five years after the most recent request for the

furnishing of a sample of the deposited microorganism, and

_ in any case, for a period of at least thirty (30) years after

10 ' the date of .deposit or for the enforceable life of the

| patent, whichever period is longer. Applicants’ assignee

acknowledges its duty to replace' the deposit should the

depository be unable to furnish a sample when requested due
to the condition of the deposit. '
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i nhi bition of |ynphocyte attachment: (32.1 + 15.9% n = 10), it was found to
i hhi.bi‘t nost LAM | - dependent | ynphocyte binding at concentrations of 8
[err]g/m (52 to 100% and caused al nost total inhibition D i SHEETRAS atEd
binding at 12 to 15 [err]g/nm (93 to 1009 . Lynphocyte bi nfing mefLacEn by
LAM 1 was cal cul ated as the difference between total bindi hg—ar—any gi ven

concentration of sLAM1 and | ynphocyte bi nd?ﬂg found in thepresence—of

anti-LAML-3 mAb which bl ocks al'l LAM1 m adhesi on (Sp
J. Immunol . 147: 2565- 2573 (1991)). | ly, sLAM1 !@Hm mﬁmmum
[err]g/m  caused no addi tional inhibition of |ynphocyte bindi

that obtained with % Isane Wien the sLAM 1 sanpl es were
precleared with the ant|- nAb (‘whi ch does not bl ock LAM 1 function)
before the assays, the preparation was not- able to inhibit |ynphocyte

attachment demgnstr plondeilciall ahfi¥bbaferbatesveRpitn tan-11 ahda iEBﬁSreaéuve
appears that sLAM 1 1s. capable of 1nhibiting LAM1-specific |ynphocyte .

adhesi on to en¥dthePheR BAM5idndi ng to its putative endothelial |igand.
The inhibitory capacity of SLAM 1 at normal physi ol ogical

concgnt rati onsz. (-1‘1'?1 . rLgcTogmal ant:.bo éh%rf claim 1 having the same
pattern of reactivity with LAM-1 as anti-LAMl1-1 monoclonal
antibody. ' : '

3. The monoclonal antibody of c¢laim 1, wherein said
monoclonal antibody is. anti-LAM1-1 monoclonal antibody.

10 _ 4. A hybridoma cell which produces the monoclonal antibody
of claim 1. | '

5. The hybridoma cell line deposited as ATCC No. HB10844.

6. A method for isolating the monoclonal antibody of
claim 1 comprising: _
15 _ isolating a population of monoclonal antibodies reactj,‘ve
with LAM-1, '
screening said populatlon for monoclonal antlbody not
reactive with shed LAM-1, and _ _
collecting said monoclonal antibody not reactive with
20 shed LAM-1. ' '

7. A method for 'ident_ifyirig cells expressing LAM-1

comprising reacting the monoclonal antibody of claim 1 with
a population of cells and Visualizing cells to which said

antibody binds. .

25 8. The method of claim 7 wherein said population of cells
is in a biological fluid.

ThlS Sheet Has Been Rep laced




eval uatéd to deteLnLne—+L—+L—eguLd—aL{er t he |nteract|on of |ynphocytes

w th endot hel i um
different periods o
what m ght happen d

tivated with TNFKlOO Un) for

[ [ the LAM1 |igand BEdar to
‘ion of an infl ammﬁéﬁﬁgggggh i
During the course of |nduct|on of the LAM 1 i%gand S t he

endot hel i um caused a consistent, but snmall’

hi bition of LAM I -dependent

|ymhocyte attaghieny (300t de luotiliily delas ddbelediy HEE ok Athg

22% at

10

15

20

25

Agai n,

reactlng the monoclonal antibody of claim 1 Wlth a population
of cells and isolating cells to which said antlbody binds.

10. The method of claim 9 whereln said population of cells
is in a blologlcal fluld. : ~

11. A method for blocking the receptor activity of LAM-1
comprising reacting the monoclonal antibody of claim 1 with
a population of cells expressing said LAM-1. '

- 12. A method for treating a human patient suffering from a

lymphocyte-mobilizing condition comprising administering to
said patient a therapeutic amount of the monoclonal antibody
of claim 1 in a non-toxic pharmaceutical carrier substance
therefor. | ' |

13. A method for identifying cells expressing LAM-1
comprising _
coupling an imaging agent to the monoclonal antibody of

claim 1,

reacting said imaging agent-coupled antibody with a
population of cells, and
detecting said imaging agent.

14. A method for quantitating the amount of LAM-1 or
fragment thereof in a sample comprising
reacting said sample in a binding assay with a binding
agent or ligand for LAM-1 or fragment thereof, and
comparing the results of said binding assay to a
standard curve. - '

15. The method of claim 14 wherein said fragment of LAM~1
is shed LAM-1. ' '

Thls Sheet Has Been Replaced
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Qonblnatlon of SLAM 1 mnth the antl-LANn 3 mAb did not cause a greater
'|hh|b|t|on than that observed with the mAb al one. Thusj T I3
devel oprent Oftlﬂﬂ"”ll“lﬂ"ﬂllf" Hur esponse, it is likely H5. J/i FFNp
able to alter kocyte attachnent, alth

~appears to be sfalF ih this i vitro assay. 2 SLAM 1 i n serum bl ocks
anti-LAM 1 mAb bi ndi ng - The presence oP circul ating sLAM1 was further

veri f1'ed by dermnSt ngid ngudiipla 16 " EASLY SheBalty LANR TRRnghEn 1M L

e

cell's coul d be “inhi asma nphocytes were stain us
"~ anti-LAM 1 mAb biplogiicak @ﬂ-lhkﬁran pl asma no significant staining was
obt ai ned at concentrations of mAb that were saturating in RPM/FCS. Next,

~l'ymphocytes (1 x 10[err]/100 %err | ). were incubated mnth vari qQus ,
concentrati ons - LARe methedc@fmeladn 4 JWharein) said, §aPdGo e pfECHa 2

' or autologouslﬁatﬂ&hﬁMuﬂalﬁﬁﬁké&Ethée@h@@ﬁedoﬂanuﬁg4arbfragment thereof
: I hdl rect

Af
mmuor | wor esc SRS ngfneraﬁt%%g%iﬁtdh‘?m%ngaaaeyasgess%% be used as a

diagnostic variable.

18. The method of claim 14 wherein said binding assay is an
ELISA.

19. The method of claim 14 wherein said binding assay is a
10 Western blot.

20. The method of claim 14 wherein said binding agent is an
anti-LAM-1 antibody.

21. A kit for use in quantitating the amount of LAM-1 or
_ fragment thereof in a sample, said kit comprising
15 -' components required for extraction of said sample; and
components necessary for use in a binding assay, said
components comprising a binding agent or ligand for LAM-1 or
fragments thereof.

22. The method of claim 21 wherein said bihdinq assay is an
20 . ELISA. |

23. The method of claim 21 wherein said binding agent is an
anti-LAM-1 antibody.

D ThlS Sheet Has Been Replaced




- v isay ’ ' e
by fI ow cytorret ry. In nost cases, t he. presence of pl-asma i nhibited
~anti-EAM 1 mAb st aining V\henther‘rAbwere used at 2'to S5~fe+~jglnl Thus

-13 to 33 pMlgderr] (MW150,000) bound to -21 pM sLAM{1 meagm\sed
on the concentration of sLAM present in plasma (1.6 [erridg /mREHe‘tGBDn ned
as outlined above. sLAM dependent inhibit] of mAb binding was -seen T
pl asma for. mb which recognize the lectin-domain (anti-LAML-3, -4, and -10)

and the EG--1ike domai Bpﬁéﬁ'tl:c'—ﬁﬂ&nénaﬁdorl%bnﬂ BURFACE REcHPTUR N9 of the
anti-LAML-1 mAb, which binds aekocPRe AvHEStoNr GroLEdSLESLRI N, was not
significantly. inhibited by the presence of plasna. The LAM -1 epi tope was

not detected on sLAM1 from human pl asng El nce anti-LAM -1 mAb bi ndi ng
to | ynphocytes was not inhibited by pla L epitope identified by this

rrAb may not be presAnshed sﬁleode.emmuyme tadisegion hmoleBul &A1 (LAM-1,
5 L-select:.n) is present in high 1levels in ' human plasma.
' Quantitative methods of detecting shed LAM—l (sLAM-1) by

Western blot and ELISA analysis are disclosed. Also
‘disclosed are methods for the specific detection of cell-
surface bound LAM-1 in the presence of shed LAM-1 and for

- 10 imm_uno*i:herapy using monoclonal antibodies reactive with cell-
surface bound LAM-1 but not reactive with shed LAM-1.
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- 15 - ‘were perforned in which dlfferent LAM i - dire
Jar. ELI 8A pl ate as capture antibodies with the anti-[JAN
- detecting antibody. . Lectin donai n-specific |arn

(amti-tAML-6, -7, -10 and -11) and EGF- dgnaln speci fli g
--15) gave strong, easily detectable posi

' RoPSER vt

ive signald. Mells coated

anti-LAML-3 and -4 mAb, which cross-block the bindir
anti body (anti-LAML-3), served as internal controls
reactivity. In conSPECTIFIC DETECTRON GRbCELL SURANCE] R

g of the detectin

_ &gﬂﬁ?QQ»signal
was not significantly diffGRIFECEITEN ARRESECON MOLBEUMBF+ned by using BSA as
the capture reagent. Thus, the epitope located within the -

RELATED APPLICATIONS

This application is a continuation-in-part'Qf Tedder,’

U.S. Patent Application Serial No. 07/730,503, filed July 8,
1991, which is a continuation under 37 CFR 1.62 of Serial

No. 07/313,109, filed February 21, 1989, now abandoned;
Tedder, U.S. Patent Application Serial No. 07/700,773, filed

May 15, 1991; of Tedder, U.S. Patent Application

5 and
h the

t hat

of

Serial

No. 07/737,092, filed July 29, 1991; and of Tedder et al.,

U.S. Patent Application Serial No. 07/770,608,

filed

October 3, 1991, the whole of which are hereby incorporated

by reference herein.

FIELD OF THE INVENTION

This invention relates to human leukocyte-associated
cell surface proteins, particularly to leukocyte adhesion

molecule~1l (LAM-1) and methods for its detection.

Part of the work leading to this invention was made with

United States Government funds. Therefore,
Government has certain rights in this invention.

BACKGROUND OF THE INVENTION

the U.S.

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

serious and sometimes deadly damage. Leukocyte-mediated

inflammation is implicated in a number of human clinical
manifestations, including the adult respiratory distress
syndrome, multi-organ failure and reperfusion injury.

Several different receptor adhesion

molecules

participate in the process of adhesion and transmigration of

leukocytes through vascular endothelium at

sites

of



| | - REPLACEMENY bebl I
EGs-region which is specificall y recognl zed by th . -1
appears to be lost fromLAM1 after shedding. As LAM1 39|| SEP 1995
recogni zed by all LAM 1-specific. mdb in inmmunofl uorescenc taining of
| ynphocytes and all three extracellular donmins are gr .
found ‘in plasma, confornational changes i“h The sLAM 1 prlot ei n may lead to

the | oss of the EG--dommin rel ated LA -1 epitope, | \—oTdeT
.det ermi ne V\Hé'lﬁé’rml At AiRRRSere N3 (%—66\' %434y PN 'LAI\@“_Lea‘?%

necessar y t Gehep dvibridle mraaxﬁt& tl@f\idlaf%d Siter tmwr:.exﬁlal atddtagent war
domai ns, ﬁtef nd _f.orm o é sol u % éMl a LAIVH rotein was
generated a "’giﬁ Ped® PREAUDTH S 1 T &d t Tht e
t he fusion praitemrlefoas (mns-u.r Lm{-selleotimat(mtsh:mdtm Maessemtd:al INate

whol e extragel 4l ag Legi +P%$414_2§§t per n&angtfl d Of lco%ﬁed

cells that weretrans i‘en ected with
for the pr ocnmta&m-asammmmy @amnﬂm @rlt iy I-_TAI\/IIE-HBI}HHOZL mlessssmb

ghl\/ib\cgt ?rerfjleg: e K;ég& IAI\)InceI al so %oun gaff\ehef é@ (élér%?lg]f SI m?f
l evel s. I n @shesdan mclecules (Bowen et al., J. Cell Biol. 109:421-427
(1989); Siegelman et al., Proc. Natl. Acad. Sci. USA 86:5562-
5566 (1989); Tedder et al., J. Exp. Med. 170:123-133 (1989))
that includes, the mouse L-selectin, MEL-14 (Gallatin et al.,
Nature 304:30-34 (1983); Lasky et al., Cell 56:1045-1055
(1989); Siegelman et al., Science 243:1165-1172 (1989)),
Endothelial-Leukocyte Adhesion Molecule-1 (ELAM-1,
E-selectin) (Bevilacqua et al., Proc. Natl. Acad. sci.
USA 84:9238-9243 (1987); Bevilacqua et al., Science 243:1160-
1164 (1989); Luscinskas et al., J. Immunol. 1422257 (1989);
Luscinskas et al., J. Immunol. 146:1617-1625 (1991)), and
CD62 (PADGEM, GMP-140, P-selectin) (Geng et al., Nature
343:757-760 (1990); Johnston et al., Cell 56 1033-1044
(1989); Larsen et al., Cell 59:305-312 (1989); Larsen et al.,
Cell 63:467-474 (1990)). All selectins are derived from
evolutionarily related genes (Co_llins et al., J. Biol. Chen.
266:2466-2478 (1991); Johnston et al., J. Biol. Chen.
34:21381-21385 (1990); Ord et al., J. Biol. Chem. 265:7760~
7767 (1990)} Watson et al., J. Exp. Med. 172:263-272 (19%0)),
and are characterized by an NH,~-terminal, cCa*-dependent

lectin domain, an epidermal growth factor (EGF)-~like domain
followed by multiple short consensus repeat (SCR) domains,
a transmembrane region, and a cytoplasmic tail.

LAM-1 is expressed on the surface of most leukocytes,
including lymphocytes, neutrophils, monocytes, eosinophils,
hematopoietic progenitor cells and immature thymocytes
(Griffin et al., J. Immunol. 145:576-584 (1990); Tedder et
al., J. Immunol. 144:532-540 (1990)). IAM-1 is a highly
glycosylated protein of 95-105,000 M, on neutrophils and



while the anti-LAM -1 mAb failed to generate a S|gn|f|(
sLAM 1 fron1p|asna and K562- LAM transfectants, it readi

[

boun
fusion protein. Thus, it is likely that sLAM 1 generatdd i'n1vl gg&g&’#
vitro | bses a _ : _ REPLACE
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determ nant that is required for antl-LAM 1 mAb bi ndi
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of LAM 1 in TR0 i}f| annalpmphec¥seass (Gr1f¢é§unﬁﬁlyalstANF1 |§mﬁﬁﬂ@1ated
in vivo as |pikooyé-8984 (1990); Tedder et al., Eur. J. Immunol. 20:1351-

1355 (1990)). Human LAM-1 and mouse MEL-14 mediate the

binding of lymphocytes to high endothelial venules (HEV) of
peripheral 1lymph nodes through interactions with a
constituti?ely expressed ligand (Imai et al., J. Cell Biol.

113:1213-1221 (1991); Kishimoto et al., Proc. Natl. Acad.

Sci. USA 87:2244-2248 (1990); Spertini et al., Leukemia

5:300-308 (1991); Stamper Jr. et al., J. Exp. Med. 144:828-

833 (1976); Tedder et al., J. Immunol. 144:532-540 (1990)),
and are also involved in lymphocyte, neutrophil and monocyte
attachment at sites of inflammation (Hallmann et al.,
Biochem. Biophys. Res. Commun. 174:236-243 (1991); Jutila et
al., J. Immunol. 143:3318-3324 (1989); Lewinsohn et al., J.
Immunol. 138:4313-4321 (1987); Smith et al., J. Clin. Invest.
87:609-618 (1991); Spertini et al., J. Immunol. 147:2565-2573
(1991) ; Watson et al., Nature 349:164-167 (1991)). In vitro,
endothelial cell surface expression of the LAM-1 ligand(s)
is induced only after exposure of the endothelial cells to
inflammatory cytokines, and the endothelial ligand shares
many functional features with the LAM-1 ligand(s) expressed
by HEV (Smith et al., J. Clin. Invest. 87:609-618 (1991);
Spertini et al., J. Immunol. 147:2565-2573 (1991)). Sulfated
carbohydrates and mAb that bind to the lectin domain of LAM-1
inhibit LAM-1-specific adhesion (Imai et al., J. Cell Biol.
113:1213-1221 (1991); Kansas et al., J. Cell Biol. 114:351-
358 (1991); sSpertini et al., J. Immunol. 147:2565-2573
(1991);'Stoolman et al., Blood 70:1842-1850 (1987); Yednock
et al., J. Cell Biol. 104:725-731 (1987); Yednock et al., J.
Cell. Biol. 104:713-723 (1987)). The lectin domain of LAM-1
seems to act as the ligand binding unit to determine
specificity, while the EGF-like and SCR domains appear to
regulate the affinity of this interaction (Kansas et al., J.
Cell Biol. 114:351-358 (1991); Siegelman et al., Cell 61:611~
622 (1990); Spertini et al., J. Immunol. 147:942-949 (1991);
Watson et al., J. Cell Biol. 115:235 (1991)).



begonme activated and/ or transnigrate-through'endotheliun1'ﬂt has al so beent
observed that |eukocytes i'solated fromvarious tissues expfess ﬂlﬁ$EE19%$4i
(Tedder et al., J. Imunol. 144:532-540 (1990)), suggestln% !
cells transn1grate t he endotheliumor -l ocali-ze in tissues,ithat they-shed-
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hat as the

LAM 1. However, the presence of cell suffécg LAM 1 was notlsrrlctlv
restricted to Ieukocgtes wi thin bl ood vessels as reveal ed by

i mmunohi st ocheni chF

t

Jrse

§
L

|
f
h
-
i
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| ynmphocyt es,
not result
| ynphocyt es
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nmacrophages ug
endot hel i al

1eukocytes 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:
ts Role in Inflammato: Disease, W. H. Freeman (in press)).

Agl peen  puqreAsd ety F 6k5€ﬁaé§n%|qﬁ v PaFiepk 1

A unique feature of the L-selectins is that both human

LAM~1 and mouse MEL-14 are shed from the cell surface
following cellular activation in vitro (Griffin et al., J.
Immuncl. 145:576-584 (1990); Jung et al., J. Immunol.

144:3130-3136 (1990); Kishimoto et al., Science 245:1238-1241

(1989) ; Kishimoto et al., Proc. Natl. Acad. Sci. USA 87:2244~
2248 (1990); Spertini et al., Leukemia 54300-308 (1991)).

It has been proposed for the mouse that shedding of MEL-14
from leukocytes might be necessary to enable the leukocytes
to transmigrate through endothelium into sites of
inflammation in vivo (Jutila et al., J. Imnunol. 143:3318-
3324 (1989); Kishimoto et al., Science 245:1238-1241 (1989)).
This would provide a rapid means for the regulation of
leukocyte adhesion and de-adhesion to endothelium. Although
the subsequent fate and posSible function of the shed LAM-1
(sLAM-1) molecule is not known, the presence of a soluble
factor present in rat thoracic duct lymph capable of
inhibiting lymphocyte binding to HEV has been demonstrated
(Chin et al., J. ‘Immunol. 125:1764-1769 (1980)).
Furthermore, this factor was shown to be antigenically

related to a structure(s) present on lymphocytes (Chin et

al., J. Immunol. 125:1764-1769 (1980); Chin et al., J.
Immunol. 125:1770-1774 (1980); Chin et al., J. Immunol.
131:1368-1374 (1983)).

t hi_| t Th t t d
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4 hyper pl astlc | ynph nodes, 2 of 3 sarcoid |ynph nodes, oj\ of 4

rheumatoi d synovia, in 1 of 3 speci nens of inflanmed skin, [ap ?1°§EFﬂ1§§‘ j
appendicitis. This endothelial staining is consistent wi{hjthe notion that}].

sLAM1 i's capable of binding to its ligand on the apical $u fa e—ot
endot hel i um Experimedtal . Procedures _
Ant i bodi es LAM 1 dlrected mAb were the anti-LAML-3, -4, -6, -1,

-10, -11, and -12 AERRY e@?eds‘é?@%?%t maJiaBpas vaFI@isﬁntbne°Fe(Ff$:|=ﬂ-%orﬁ§ n,
anti - LAML- lyarPog8d rilfedfest a¥e Whéd 9fidwiPeto be shed and thereby

released into the extracellular milieu (TeddsF,—Am. J.
Respir. Cell Mol._BJ.ol. 5:305-306 (1991)). These include
many . of the growth factor receptors, the .receptors for
interleukin-1, interleukin-2 (CD25),  transferrin (CD72),
“insulin, growth hormone, tumor necrosis factor (Porteu et
al., J. Exp. Med. 172:599-607 (1990)), colony-stimulation
factor-1 (Downing et al., Mol. Cell. Biol. 9:2890-2896
(1989)) and nerve growth factor (DiStefano et al., Proc.
‘Natl. Acad. Sci. USA 85:270-274 (1988)) as well as CD8, and
CD14. These proteins are quite diverse in structure and

amino acid sequence and have no aunifying functional
characteristics that are currently appreciated. In most
cases, proteases cleave the receptor near the membrane,
releasing a nearly intact extracellular domain (DiStefano et
al., Proc. Natl. Acad. Sci. USA 85:270-274 (1988); Downing
et al., Mol. Cell. Biol. 9:2890-2896 (1989); Kishimoto et
al., Science 245:1238-1241 (1989); Spertini et al., Leukemia
5:300~308 (1991)).

No definitive functions for shed receptors have been
elucidated, although many of the shed receptors retain
ligand-binding activity. Thus, receptor function may be
regulated not only by proteolytic cleavage of the receptor
from the cell surface, but also by the presence of shed
receptor in the extracellular environment.

If the shed form of LAM-1 retains ligand-binding
activity, however, one consequence of its presence might be
a potential interference with diagnostic or therapeutic
administration of antagonists to LAM-1 function. The shed
form of the receptor, if present in large amounts, .could
competitively bind any administered LAM-1 antagonist, thus
'thwarting the diagnostic effort or the treatment regimen.




A7 - within the EG-1Ilike domain and anti-LAM-14-whic
SCR regions of LAM1, all of the 1gG -isotype (Spertini
147:942-949 (1991)). - The anti-LAM 1 nmAb were purified
fractionation  foll ovved by ani on exchange chromat ogr
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mAb concentration deternined by |ight-absorption. The ti-LAML- 3
was bound " to CNBr-activated Sephar ose 4B Phar maC| al - LKB
BI Ot echnol Ogy, PI Scat av\ay, - ) hT A\Y)La i) £) Lc d of hPc’-ldS

(anti- LAM Sepharﬁae) rB%bQ'Q tharget Rade OEhEhesﬁ@an%. &5 e adhe51on
| sol ation of bl ood nucl ear I'l's Ral’l ni zed bl ood was t ali ned
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a  specially developed, quant:.t_atlve. enzyme-linked
immunosorbent assay or ELISA. Semipurified sLAM-1 from
plasma inhibited LAM-1-specific attachment of 1ympho€:ytes to-
cytokine-activated endothelium in a dose dependent manner.
Total inhibition of LAM-1-dependent lymphocyte attachment was
achieved at sLAM-1 concentrations of 8 to 15 ug/ml, while
physiological concentrations of sLAM-1 caused a small but
consistent inhibition of lymphocyte attachment. sLAM-1 in
plasma also inhibited binding of most anti-LAM-1 mAb (2 to
5 ug/ml) to the surface of leukocytes. However, one epitope
present within the EGF-like domain of LAM-1 was lost in
sLAM-1, suggesting' a conformational change in the structure
of the receptor after shedding. '

The inhibition of LAM-1 dependent lymphocyte attachment
by the shed form of the receptor, even at physielogical
concentrations of sLAM-1, and the inhibition of binding of
most anti-LAM-1 mAb could present substantial problems for
therapeutic regimens requiring systemic administration of
antagonists to LAM-1 function or for diagnostic techniques.
The presence of sLAM-1 could require that such agents be
administered in excessive doses to be effective. However,
our discovery of a difference in epitopes between the EGF-
like domains of the LAM-1 molecule and its shed form has
permitted the development of diagnostic and therapeutic
agents that react with cell surface bound receptor LAM-1
without binding to the shed form of the molecule.

In one aspect the invention generally features
monoclonal antibody reactive with LAM-1 , and not reactive
with shed LAM-1, and a method for isolating the antibody.
Preferably, the antibody has the same pattern of reactivity
with LAM-1 as monoclonal antibody anti-ILAM1-1; most
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with a binding agent or ligand for LAM-1 or fragment thereof,
and comparing the results of the binding assay to a standard
curve. Preferably, the fragment of LAM-1 to be detected is
shed LAM—i; the sample to be.assayed is a biological sample,
most preferably the sample is from a patient and the amount
of LAM-1 or fragment determined in the binding assay is to
be used as a diagnostic variable; the binding assay is either
an ELISA or a Western blot; and the binding agent is an anti-
LAM-1 antibody.

In another aspect, the invention features a kit for use
in quantitating the amount of LAM-1 or fragment thereof in
a sample. The kit iﬁcludes components required for
extraction of the sample and components necessary for use in
a binding assay, including a binding agent or 1ligand for
LAM-1 or fragments thereof.

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

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Development of the sLAM~1-ELISA allowed for the first
time an easy, efficient and sensitive method for
quantification of sLAM-1. The direct demonstration of sLAM-1
in plasma and supernatant fluid from activated neutrophils
and lymphocytes confirms that the in vivo and in vitro loss
of LAM-1 leukocyte surface expression is due to shedding.
The extent of shedding is high; in a population of normal
healthy blood donors the mean serum level of sILAM-1 was

. determined to be 1.6 + 0.8 ug/ml.
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identified by the anti-LAM1-1 mAb, while this epitope is’
readily demonstrated on cell-surface LAM-1 (Kansas et al.,
J. cCell Biol. 114:351-358 (1991); Spertini et al., J.
Immunol. 147:942-949 (1991); Tedder et al., J. Immunol.
144:532-540 (1990)). -This was revealed both by ELISA
analysis and by a lack of competitive inhibition in
immunofluorescence staining of leukocytes. Since the EGF-
like domain is retained in sLAM-1, it is possible that
alterations in the tertiary structure of LaM-1 occur
following shedding that result in a lack of anti-LAM1-1 mAb
binding. This loss of reactivity does not appear to be due
to technical problems as the LAM-1 epitope was readily
demonstrated to be present on a spluble LAM-IgG fusion

protein.

‘Detection and Characterization of sLAM-1

sLAM-1 in serum appears to be derived from both.
lymphocytes and neutrophils since the analysis of sLAM-1
isolated from neutrophils (95-105,000 M,) and lymphocytes
(74,000 M,) produced bands  of corresponding M. The
differences in M, between lymphocyte and neutrophil SLAM-1
most likely result from differences in glycosylation of a
single protein species since only a single LAM-1 mRNA species
has been identified (Ord et al., J. Biol. Chem. 265:7760-7767
(1990)). Cleavage of LAM-1 to produce sLAM-1 is likely to
be proximal to the transmembrane region encoded by exon VIII
(0rd et al., supra); cleavage in this region would account
for the small difference in M, between the intact cellular
LAM~1 molecule and its shed form (Kishimoto et al., Proc.
Natl. Acad. Sci. USA 87:2244-2248 (1990); Lasky et al., Cell.
56:1045-1055 (1989); Spertini et al., Leukemia 5:300-308
(1991)). '
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60 min basis of all future calculations. Theoretical considerations
' based on experimental data derived from shedding experiments
in K562-LAM-1 transfectants further substantiate the validity
of this estimate. Assuming that 30 to 40,000 LAM~-1 molecules
are present on each K562-LAM cell, and that all molecules
(MW 71,000) are shed following PMA stimulation, the

concentration of sLAM in plasma can be calculated by

‘After culture,

comparing the concentration of sLAM-1 (1.7% the concentration
of standard plasma) shed from K562 transfectants (1 x 10’
cells/ml) to a titration curve of standard plasma. According
to this calculation, plasma concentrations would lie in the
range of 2.1 to 2.8 ug/ml. Similar considerations make it
highly unlikely that the amount of sLAM-1 found in serum or
plasma is generated from the shedding of cell surface LAM-1
by blood leukocytes present during the preparation of the
samples: the quantity of sLAM-1 actually found in serum is
10 to 25 fold higher than the quantity of LAM-1 that could
maximally be shed from the cell-surface of leukocytes (~4 x
10%/ml) present in the samples, assuming a density of 50-
100,000 receptors/cell. Therefore, sLAM-1 must be generated
by the ongoing shedding of cell surface LAM-1 from leukocytes
in vivo. _

sLAM-1 semipurified from plasma inhibited LAM-1-mediated
lymphocyte binding to TNF-activated endothelium in a dose
dependent manner with complete inhibition at ~8-15 ug/ml.
At concentrations of sLAM-1 similar to those found in the
plasma of normal blood donors, a small but significant
inhibition of leukocyte endothelial binding was observed.
Circulating sLAM-1 is likely to be functional in vivo since
immunchistochemical staining of tissues with anti-ILAM-1 mAb
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_ Detection by Western blot analysis :

' In vitro, leukocytes and LAM-1 cDNA-transfected cells
shed LAM-1 from the cell surface that can be detected in the
culture supernatant fluid. To determine whether this process
also occurs in vivo, the anti-LAM1-3 mAb, which identifies
an epitope within the 1lectin domain, was used to
immunoprecipitate reactive materials from normal human
plasma. The precipitated materials were then analyzed by
SDS-PAGE, transferred to nitrocellulose and the presence of
a soluble form of LAM-1 was visualized by Western blot
analysis using the anti-LAM1-14 mAb that binds to a LaM-1
epitope located within the SCR region. Two predominant
isoforms of sLAM-1 were observed, a ~62,000 M, isoform and a
75-100,000 M, isoform. Analysis of the culture supernatant
fluid from PMA-stimulated lymphocytes, neutrophils and K562
cells transfected with LAM~1 CcDNA (K562-LAM) revealed
different, cell-specific isoforms of sLAM-1. Neutrophils
- shed a 75-100,000 M, isoform of sLAM-1, that travelled as a
broad band with an ill-defined upper border most likely due
to heavy glycosylation (Ord et al., J. Biol. Chem. 265:7760-
7767 (1990)). Lymphocytes generated a 62,000 M, isoform and
K562~LAM cells shed a 71,000 M, isoform of sLAM-1. No
specific proteins were isolated from the supernatant fluid
of untransfected K562 cells using the above assays, and
preclearlng the plasma or supernatant fluid with the
anti-LAM1-3 mAb eliminated subsequent Western blot results.
Therefore, it is likely that the two predominant isoforms of
SLAM-1 identified in plasma derived from both lymphocytes and
neutrophils. Furthermore, sLAM-1 in serum contained the
lectin, EGF and SCR domains as it was visualized in these
experiments using mAb reactive with the lectin (anti-LAM1-3)
and SCR (anti-LAM1-14) domains, but the M, of sLAM-1 is
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The amount o .found in human plasma was

quantitated with a sandwich ELISA using the anti-LAM1-5 mAb
as a capture antibody and biotinylated anti-LAM1-3 maAb as a
detecting antibody. This specific combination of mab
provided the highest level of sensitivity so that ~5 ng of

sLAM-1 could be easily detected. The level of SLAM-1

determined by ELISA in the sera of a population of healthy
normal blood donors was found to be 1.6 * 0.81.0 upg/ml, n=63.
In some donors, sLAM-1 levels were simultaneously gquanti-
tated in plasma with similar results obtained (1.9 %
1.0 pg/ml, n=18). The possibility that sLAM-1 in plasma or
serum might still be membrane bound was ruled out as the same
levels of sLAM were found in serum and plasma before and
after ultracentrifugation. sLAM-1 was stable in whole blood
left to stand at 20°C before separation of serum or plasma
for up to at least 24 h} ‘Storage of serum or plasma at 4°C
for up to three months in the presence of azide or repeated
thawing and freezing (up to ten times) did not affect the
ability to detect sLAM-1 in serum. It thus appears that
sLAM-1 is preseht at relatively high levels in human plasma
and serun.

_ Quantitation of sLAM-1 in supernatants of activated
leukocytes '

Stimulation or the culturing of leukocytes has been
associated with shedding of LAM-1 from the cell surface. In
experiments carried out to determine if sLAM-1 accumulated,
culture supernatant fluid obtained from an erythroleukemia
cell line transfected with the pLAM-1 cDNA (K562-LAM) was
found to contain detectable sLAM-1, in contrast to
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granulocyte-colony stlmulatlng factor, interleukin- 1,
monodyte—colony stimulating factor, interleukin 6,
interferon vy, and interleukin 4, did not induce an increase
in slLaM-1. However, stimulation with formylated
methionine-leucine-phénylalanine, lipopolysaccharide,
granulocyte/ monocyte-colony stimulating factor,
interleukin 8, and TNF induced LAM-1 shedding corresponding
to their potency to stimulate cell surface expression.
Culturing lymphocytes for 60 min at 37°C caused some shedding
of LAM-1, which was greatly enhanced by PMA-treatment.
Quantitation of the amount of sLAM-1 found in the supernatant
fluid following activation of neutrophils and lymphocytes (1

x 107 cells/ml) varied between approximately 10 to 30 ng/ml.
However, PMA-activation of lymphocytes for greater than
25 min, and neutrophils for greater than 10 min, resulted in
the gradual degradation of sLaM-1. Degradation was not
observed in the supernatant from K562-LAM cells, where SLAM
was consistently found at concentrations of 22 * 6 ng/ml (1.7
+ 0.5% of standard plasma; n=14). Elevated levels of sLAM-1
were also detected in the culture supernatant fluid of
lymphocytes cultured with phytohemagglutinin, concanavalin 2,
and pokeweed mitogen for 3 to 6 4 at 37°C. These mitogens
are known to cause cell surface loss of LAM-1 (Tedder et al.,
J. Immunol. 144:532-540 (1990)). Thus, loss of LAM-1 from
the cell surface directly correlates with an increase of
SLAM-1 in the culture medium.

Inhibition of lymphocyte binding to activated.endothelium
by sLAM-1

sLAM-1 was semipurified from plasma by salt
fractionation followed by affinity chromatography with the
anti-LAM1-3 mAb, as described. The column eluate was
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pEokein) .t he sLAI-ﬁ-Ilt,I - aAMELiT fedient aodcentaatlons , in RPMI
1640/10% FCS was incubated (15 min, 4°C) with
cytokine-activated endothelial cells before examining
lymphocyte attachment to endothelium through IAM-1. While
SLAM-1 at physiological concentrations cause_d' only partial
inhibition of lymphocyte attachment (32.1 + 15.9%, n = 10),
it was found to inhibit most LAM-l-dependent lymphocyte
binding at concentrations of 8 pg/ml (52 to 100%) and caused
almost total inhibition of LAM-1 mediated binding at 12 to
15 ug/ml (93 to 100%).. Lymphocyte binding mediated by LAM-1
was calculated as the difference between total binding at any
given concentration of sLAM-1 and lymphocyte binding found
in the presence of anti-LAM1-3 mAb which blocks all LaM-1
mediated adhesion .(' Spertini et al., J. Immunol. 147:2565-2573
(1991)). Importantly, sLAM-1 at 15 ug/ml caused no
additional inhibition of 1lymphocyte binding beyond that
obtained with anti-LAM1-3 mAb alone. When the sLAM-1 samples
were precleared with the anti-LAM1-15 mAb (which does not
block LAM-1 function) before the assays'; the preparation was
not able to inhibit lymphocyte attachment demonstrating that
sLAM-1 mediated the inhibition. Thus, it appears that sLAM-1
is capable of inhibiting LAM-léspecific lymphocyte adhesion
to endothelium by binding to its putative endothelial ligand.

The inhibitory <capacity of sLAM-1 at normal
physiological concentrations (1.5 pg/ml) was  further
evaluated to determine if it could alter the interaction of
lymphocytes with endothelium. Endothelium was activated with
TNF (100 U/ml) for different periods of time to induce the
LAM-1 ligand in a manner similar to what might happen during
the initiation of an inflammatory response. During the
course of induction of the LAM-1 ligand, sLAM-1 treatment of
the endothelium caused a consistent, but small, inhibition

- of LAaM-l1-dependent lymphocyte attachment (30% at 2 h, 43% at

3 h, 41% at 4 h, 15% at 5 h and 22% at 6 h). Again, the
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sLAM-1 in serum blocks anti-LAM-1 mAb binding

The presence of circulating sLAM-1 was further verified
by demonstrating that the reactivity of anti-LAM-1 mAb with
LAM-1% cells could be inhibited by plasma. When lymphocytes
were stained using anti-LAM-1 mAb in undiluted human plasma,
no significant staining was obtained at concentrations of mAb
that were saturating in RPMI/FCS. Next, lymphocytes (1 x
105/100 pl) were incubated with various concentrations of
LAM-1 directed mAb diluted (1:100) in autologous plasma or
autologous plasma which had been precleared of sLAM-1 by
immunoprecipitation. After completion of indirect
immunofluorescence staining, antibody binding was assessed
by flow cytometry. In most cases, the presence of plasma
inhibited anti-1AM-1 mAb staining when the mAb were used at
2 to 5 pg/ml. Thus, ~13.to 33 pM IgG, (MW 150,000) bound to
~21 pM sLAM-1 (MW 75,000) based .on the concentration of sLAM
present in plasma (1.6 ug/ml) determined as outlined above.
sLAM-dependent inhibition of mAb binding was seen in plasma
for mAb which recognize the lectin-domain (anti-LAM1-3, -4,
and -10) and the EGF-like domain (anti-LAM1-5, and -15). In
contrast, binding of the anti-ILAM1-1 mAb, which binds an
epitope in the EGF-like domain, was not significantly
inhibited by the presence of plasma.

The LAM1-1 epitope was not detected on sLAM-1 from human
plasma
Since anti-LAM1-1 mAb binding to lymphocytes was not
inhibited by plasma, the epitope identified by this mAb may
not be present on sLAM-1. To examine this further, ELISA
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' domain-specific antibodies (anti-LAM1-6, -7, =10 and -11) and

EGF-domain specific mAb (anti-LAM1-5 and -15) gave strong,
easily detectable positive signals. Wells coated with the

 anti-LAM1-3 and -4 mAb, which cross-block the binding of the

detecting antibody (anti-LAM1-3), served as internal controls
for background reactivity. In contrast to all other mab,
anti-IAM1-1, gave a signal that was not significantly

"~ different from background, as defined by using BSA as the

capture reagent. Thus, the epitope located within the
EGF-region which is specifically recognized by the
anti-LAM1-1 mAb appears to be lost from LAM-1 after shedding.
As LAM-1 was easily recognized by all LAM-l-specific mAb in
immunofluorescence staining of 1lymphocytes and all
three extracellular domains are preserved on sLAM found in
plasma, conformational changes in the sLAM-1 protein may lead
to the loss of the EGF-domain related LAM1-1 epitope.

In order to determine whether.the transmembrane or
cytoplasmic regions of LAM-1 are necessary to uphoid the
complete tertiary structure of its extracellular domains, a
second form of soluble LAM-1, a LAM-IgG fusion protein was
generated and epitope-mapped by ELISA. The chimeric cDNA
used to generate the fusion protein was constructed so that
it contained essentially the whole extracellular region of
LAM-1. Culture supernatant fluid of COS cells that were
transiently transfected with the chimeric cDNA were tested
for the production of LAM-IgG by ELISA.  The anti-LAM1-5, -7,
and =15 mAb, which detected sLAM-1 in plasma and in
supernatant fluid from PMA-stimulated K562-LAM cells, also
bound the LAM-IgG chimera at similar levels. In contrast,
while the anti-LAM1~1 mAb failed to generate a significant
signal with sLAM-1 from plasma and K562-LAM transfectants,
it readily bound the LAM-IgG fusion protein. Thus, it is
likely that sLAM-1 generated in vivo or in vitro loses a
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ocytes J.soiated from
various tissues express little LAM-1 (Tedder et al., J.
Immunol. 144:532-540 (1990)), suggesting that as the cells
transmigrate the endothelium or localize in tissues, that
they shed LaM-1. However, the presence of cell surface LAM-1
was not strictly restricted to 1leukocytes within blood
vessels as revealed by immunohistochemical analysis:
Extravascular leukocytes positive for LAM-1 were seen in all

een observe

.tissues examined, and these included, where present,

lymphbcytes, neutrophils and monocytes. The process of
extravasation does not result in complete loss of
cell-surface . LAM-1 from all cells as lymphocytes which
appeared to be traversing between endothelial cells remain
LAM-1*, and some transmigrating monocytes also appeared
LAM-1*. 1In general, monocyte/macrophages and granulocytes
localized within tissues were largely LAM-1 negative,
however, some extravasated neutrophils and macrophages were
LAM=-1%, Most importantly, focal staining of venular
endothelial cells was observed with anti-ILAM-1 mAb in 2 of
4 hyperplastic lymph nodes, 2 of 3 sarcoid IYmph nodes, on

1 of 4 rheumatoid synovia, in 1 of 3 specimens of inflamed

skin, and 2 of 4 of appendicitis. This endothelial staining
is consistent with the notion that sLAM-1 is capable of
binding to its ligand on the apical surface of endothelium.

Experimental Procedures
Antibodies _
LAM~1 dJ.rected .mAb were the anti-LaM1-3, -4, -6, -7, =8,
=10, -11, and -12 mAb directed against epitopes within the
lectin domain, anti-LaMi-1, -5 and -15 reactive with epitopes




i mredi ately raised by the addition of 2.0 M Tris b R @AQMEMOSHEE?w
pool ed fractions of the eluate peak were ultrafiltyated ‘and resuspenfled in
PBS. The concentration of sLAM1 was determni ned by}ELI Sﬂ\1a$‘EP§%equnntly
adjusted to apprOX| mately 15 [err]g/m- in PBS. At fhis sLAM1
concentration, the total protein: concé&ntly atlon of fhe sanpres vari
bet ween 130 t o 220 [err]loglm as determged b abso ‘L@Ml
r epr esent e 1R thR/EGEF 14Kk dpR8LE; 3
22g0 t o 370thé oscR eregLoRBNOLT msLAl\/h!u ber th&e]:lgﬂ;ﬂ y8phopet € spetatibe i al
adneston sy, 7. Immunol. 147:942-949 (1991)). TH& anti-LAM-1 mAb
‘were purified by salt fractionation followed by anion
- exchange chromatography, with the maAb. concentration
determined by light absorption.  The ahti-LAM1-3 mAb was
bound to CNBr-activated Sepharose 4B (Pharmacia LKB
Biotechnology, Piscataway, NY) at 2.5 mg of mAb bound per ml

of beads (anti-LAM-Sepharose) using the methods of the
manufacturer. '

Isolation of blood mononuclear cells |

Heparinized blood was cobtained according to protocols
approved by the Human Protection Committee of Dana-Farber
Cancer Institute, Boston, MA. Mononuclear cells were
isolated by Ficoll Hypaque density gradient centrifugation.
Cells were immediately suspended in RPMI 1640 (Gibco-BRL,
Gaithersburg, MD) containing 10% FCS and kept at 4°C until
use. In most instances, these cells will be referred to as
lymphocytes since 85 to 95% of the cell population was -
lymphocytes as determined by morphology (Wright’s stain) and .
flow cytometry analysis. Neutrophils were purified by
centrifugation on a cushion of Mono-Poly Resolving Medium
(Flow Laboratories, MclLean, VA) followed by lysis of the red
cells with ice-cold hypotonic 0.2% (w/v) NacCl solution.
Granulocytes were finally resuspended in HBSS containing
5% FCS (Sigma, St. Louis, MO). When sLAM was obtained for
Western blot analysis, the mononuclear cells were first
incubated in plastic dishes for 30 min in RPMI/10% FCS at

37°C to remove adherent monocytes. Nonadherent cells
retained surface LAM-1 and were predominantly lymphocytes
(~99%) .

Cell cultures
Lymphocytes were cultured in 24 well plates (Costar
Corp., Cambridge, MA) at 10%/ml1 in RPMI 1640 medium
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: granulocyte/monocyte-colony stimulating factor (25_ng/1hl; a
gift from Drs. Steven Clark and Gordon Wong, Genetics
Institute, Cambridge, MA), monocyte~colony stimulating factor
(100 ng/ml; Genetics Institute), tumor necrosis factor-a
(TNF-a; 100 U/ml; Genzyme  Corp., Cambridge, . MA),
lipopolysaccharide (1 pg/ml; Escherichia coli 011:B4; Sigma),
formyl-methionyl-leucyl- phenylalanine ( 19" M; Sigma),
interferon-y (1000 U/ml; Genzyme Corp., Cambridge, MA), or
interleukin-18 (10 U/ml; Genzyme Corp., Cambridge, MA).
After culture, the supernatants were tested for the presence
of sLAM-1 by ELISA. The human erythroleukemia cell line K562
was transfected with the pLAM-1 cDNA as previously described
(Tedder et al., J. Immunol. 144:532-540 (1990)) and was be
called K562~LAM throughout. These cells were cultured in
RPMI 1640/10% FCS and were kept at cell numbers between 0.2
to 1 x 10° cells/ml. All cells were incubated at 37°C in
5% CO, with 100% humidity.

Indirect immunofluorescence analysis

Indirect immunofluorescence analysis was carried out
after washing the cells three times. Cells (1 x 10% cells)
were resuspended in 100 ul of media containing various
concentrations of the indicated mab, and incubated for 60 nmin
at 4-°c. After washing, the cells were treated with
FITC-conjugated goat anti-mouse Ig antibodies (Southern
Biotechnology Associates, Birmingham, AL) for 20 min at 4°C.
. The cells were washed, and fixed (i% paraformaldehyde in
PBS), and single color fluo::escenée was determined on a flow
cytometer (PROFILE™, Coulter Immunology, Hialeah, FL).
Ten thousand cells were analyzed for each sample and the mean
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ultrafiltration (Am con Corp., Danvers, MA). Protein (sanples (104
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(1 ml of beads per 4 ml of plasma) The efficiency of the
immunoprecipita-tions was tested by ELISA (<'20 ng/ml).

Lymphocytes (1 x 10%) were resuspended either in 100 pl of

plasma or precleared plasma containing various concentrations
of the purified mAb (added 1:100) as indicated. The cells
were washed twiCe, stained and analyzed as above.

Endothelial-leukocyte attachment assay

Lymphocyte adhesion to cytokine-activatéd endothelium
under non-static conditions was determined in a test'system
adapted from the Stamper/Woodruff assay for  frozen tissue
sections (Stamper Jr. et al., J. Exp. Med. 144:828-833
(1976)) exactly as described (Spertini et al., J. Immunol.
147:2565-2573 (1991)). Briefly, human umbilical vein
endothelial cells (HUVEC) were isolated from cord veins, and
grown in M199 medium supplemented with 10% FCS, endothelial
cell growth factor (50 ug/ml, Biomedical Technologies, Inc.,
Stoughton, MA) and porcihe intestinal heparin (50 mg/ml;
Sigma) as described (Spertini et al., J. Immunol. 147:2565-
2573 (1991)). Endothelial cells were grown to confluence on
gelatin (0.1%) coated glass slides and stimulated with TNF-a
(100 U/ml) at 37°C for the times indicated. The monolayers
were carefully washed, and incubated at 4°C for 15 min with
75 pl of RPMI/10% FCS alone or containing senmipurified
sLAM-1. As a control, in some instances media containing
semipurified sLAM-1 were precleared by immunoprecipitation
with anti-LAM-Sepharose. Without further washing, 5 X 108
lymphocytes in 75 pl of the respective media were added.
After 20 minutes of incubation at 4°C with rotation at
64 rpm, the slides were rinsed, then fixed overnight in
glutaraldehyde, (1% (v/v) in PBS; Polysciences, Warrington,
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Immunchistochemistry )
Blocks of fresh human tissue were snap frozen. The
specimens were periphei‘al lymph node (non-specific
hyperplasia, 4 cases), sarcoid lymph node (3 cases), acute
appendicitis (4 cases), rheumatoid synovium (4 cases), and
- inflamed skin (insect bite, delayed hypersensitivity reaction
to tuberculin, and pityriasis lichenoides chronica; 1 case
each). Inﬁnunohistochemist’ry was performed on cryostat
sections using the anti-LAM1-3 mAb and an
avidin-biotin-peroxidase method with diaminobenzidine (Rice
et al., Am. J. Pathol. 138:385-393 (1991)). As a control,
a murine IgG, (Coulter Immunology, Hialeah, FL) of irrelevant
specificity was used at a concentration three times stronger
than the test mAb. The control IgG did not produce
detectable staining and thus all stated results refer to
specific staining only obtained with the test maAb.

Production of the LAM-1 and IgG chimera cDNA and protein

The 1400-bp Banll fragment from a cDNA encoding the CH1
through CH3 domains of the human IgG,; constant region was
inserted at a BanII site introduced into pLAM-l' cDNA (Chin
et al., J. Immunol. 125:1770-1774 (1980)) by oligonucleotide
directed mutagenesis. The exchange of nucleotides in pLAM-1
CDNA from GAGGGT'"® +to GAGCCC created a BanII site
corresponding to amino acid number 370 in the membrane
proximal region of the mature protein. The antisense
oligonucleotide used to generate the new restriction site,
Plus a sense oligonucleotide anchor from the plasmid 5/ end
of the pLAM-1 cDNA were used to amplify the 5/ end of pLAM-1
cDNA. The PCR product was treated with T4 kinase, gel
purified, subcloned into pSP65 (Promega Biotech, Madison, WI)'
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restriction mapping. The LAM-IgG, DNA was subcloned into the
Ap'M8 expression vector (provided by Dr. Lloyd Klickstein,
Center for Blood Research, Boston, MA) and used to
transiently transfect COS cells by the DEAE dextran method.
The transfectéd COS cells were cultured in AIM-V serum—free
media (Gibco-BRLO and the supernatant fluid containing the
chimeric LAM-1/IgG, fusion protein was harvested after 3 d.

Soluble LAM-1 purification

sLAM-1 was semipurified from plasma obtained from
heparinized human blood. Plasma was salt-fractionated with '
Na,SO, (18% w/v) before the sLAM-1 containing supernatant
fraction was dialyzed against 0.02 M Tris buffer (pH 8.0),
0.5 M NaCl. The sLAM-1 preparation was further purifie_d'by_
affinity column chromatography using anti-LAM-Sepharose.
sLAM-1 was eluted from the column with 0.1 M Na acetate
buffer (pH 3.5), 0.15 M NaCl and the low pH of the eluate was
immediately raised by the addition of 2.0 M Tris buffer
(pH 9.0). The pooled fractions of the eluate peak were
ultrafiltrated and resuspended in PBS. The concentration of
sLAM-1 was determined by ELISA and subseguently adjusted to
approximately 15 pg/ml in PBS. At this sLaM-1 concentration,
the total protein concentration of the samples varied between
130 to 220 ug/ml as determined by 1light absorption, and
sLAM-1 represented ~6 to 10% of total protein. 1In general,
this procedure gave a 2200 to 3700 fold enrichment for
sLAM-1. For use in lymphocyte-endothelial adhesion assays,
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Western Blot Analysis - :

sLAM-1 was semipurified from plasma as described above
and further purified by immunoprecipitation using
anti-LAM-Sepharose with repeated washing of the beads in
alternating high salt (0.5 M NaCl, 0.2 ¥ Na-deoxycholate) and
low salt (0.125 M NaCl, 0.05 % Na-deoxycholate) RIPA buffer
(100 mM Tris pH 8.0, 1 % (v/v) Triton X-100, 10 mM EDTA,
10 mM EGTA, 10 mM NaF, 1 mg/ml BSA). Proteins were eluted
from the beads with 0.1 M acetate buffer (pH 3.5),
0.15 M NaCl. Supernatant fluid from -PMA_-stimulated cells was
also analyzed. Cells (1 x 10"/ml) including, neutrophils
(10 ng/ml PMA in RPMI 1640 for 10 min at 37°C), lymphocytes
(10 ng/ml PMA in RPMI 1640 for 25 min at 37°C) and K562-LAM
transfectants (100 ng/ml PMA in PBS for 120 min at 37°C) were
induced to shed essentially all detectable cell surface
LAM-1, before being pelleted by centrifugation (4°C, 400 x
g, 10 min). The supernatant fluid was saved and concentrated
ten fold by ultrafiltration (Amicon Corp., Danvers, MA).
Protein ° samples (100 pul) were applied to a 7.5%
SDS-polyacrylamide gel, electrophoresed and blotted onto
nitrocellulose. Western blot analysis was performed using
the anti-LAMi1-14 mAb (ascites, 1:2000) as the antigen
detecting antibody. The blot was developed using alkaline
phosphatase conjugated goat-anti-mouse IgG, antibody
(Southern Biotechnology Associates) and NBT/BCIP as substrate
(Promega, Madison, WI). In preliminary exiaeriments, the
anti-LAM1-14 mAb was the most sensitive of the twelve
anti-LAM-1 mAb tested, of which anti-LAM1-3, -4, -8, -10, -14
and -15 mAb were found to give positive staining.

Soluble LAM-1 ELISA
Wells of microtiter plates (96 well, flat bottom,
E.I.A./R.I.A. plate, Costar, Cambridge, MA) were coated with
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guanti t at ed fter S S- PAGE anal | S sy nparison o arne pro i n
band with a2 c@PvE-of B a say 1ncluded the titration of a

prev:.ously quantified standard plasma sample that was used
to generate a standard dilution curve. Dilution into fetal
calf serum or pig serum had no significant effect on results.
After being washed four times with TBST, the plates were
incubated with 100 k1l of biotinylated anti-LAM1-3 mAb
(1 pg/ml) in TBST for 60 min at 20°C. After another four
washes, 100 pl of avidin-horseradish peroxidase '(0.1 pg/ml,
Pierce, Rockford, IL) was added for 30 min at 20°C. After
four more washes with TBST, the plates were finally developed
using 100 pl of o-phenylenediamine (0.125% w/v, Sigma
Chemical Co.) as a substrate in 0.1 M citrate buffer, pH 4.5
in the presence of 0.015% H,0,. The OD of the reaction
mixture:was Iquantitated using an ELISA-reader (v-max, kinetic
microplate reader, Molecular Devices, Menlo Park, CA).
Results were obtained when the OD for the well containing the
highest concentration of standard plasma was ~0.8 at 495 nM.
Background OD values were obtained using wells coated with
albumin only. The ELISA was made quantitative by using a
standard plasma to generate a titration curve for each assay.
The relative concentration of sLAM-1 in individual samples
was calculated by comparing the mean OD obtained for
triplicate wells to a semilog standard curve of titrated
standard plasma using linear regression analysis. Sample
concentrations were obtained by interpolation of their
absorbance on the standard curve.

The amount of sLAM-1 present in the standard plasma was
quantitated in two ways. First, K562-LAM-1 cells (~11 L of
cultured cells, ~1.1 x 10" cells) were resuspended in PBS
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concentrated by ultrafiltration and affinity purified by

column chromatography using anti-LAM-Sepharose. = The
semipurified sample ‘'was electrophoresed on a 10% SDsS-

- polyacrylamide gel . that was subsequently stained -by
‘Coomassie-blue to reveal a prominent band of 71,000 M, and
additional bands of ~180-, 57-, 47-, and 22,000 M.. The
destained gel was scanned using a Hewlett Packard Desk
Scanner and the density of the 71,000 M, band was quantitated
. against a standard curve generated with BSA using the
Enhance™ program (Microsystems, Des Moines, IA) on an Apple
Macintosh IIcx computer. The concentration of sLAM-1 in the
standard plasma was calculated to be ~1.3 pg/ml by comparing
the signal from semipurified sLAM-1 to the LAM-ELISA
titration curve of standard plasma with linear regression
analysis. The detection 1limit of the LAM-ELISA was
determined to be > 5 ng/ml. In a second set of experiments,
COS cells were grown in serum free medium after transient
transfection with the LAM-IgG chimera cDNA. Supernatant
fluid was collected from the cells and run over a Protein-A

Sepharose (Pharmacia LKB Biotechnology) affinity

chromatography column, and the fusion protein was eluted from
the column by high salt-low pH buffer. The purified fusion
protein was quantitated after SDS-PAGE analysis by comparison
of the stained protein band with a standard curve of BSA.
From this analysis, it appeared that OD values for standard
plasma would be equivalent to ~1.9 ug/ml of LAM-IgG fusion
protein. Since the dimeric nature of the fusion protein
might double the intensity of staining in our sandwich ELISA,
the amount of sLaM-1 in'the standard plasma may be half the
value of ~1.9 ug/ml.

Test samples of human plasma, pig serum, and culture
supernatant fluid from K562-LAM cells, LAM-IgG CcDNA-
transfected COS cells and mock transfected COS cells were
examined in the ELISA for the presence of sLAM-1.
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det ect ed byn@aysignificant difference in sLAM-1 levels found between
samples after freezing or after freezing-thawing up to ten
times and no apparent decrease in ability to quantitate sLAM-
1 amounts in whole blood left at room temperature for several
hours. Therefore, sLAM-1 was quite stable in whole blood.

'i'he amount of sLAM-1 found in a population of normal
individuals was determined for serum (1.92 + 0.96 ug/ml,
n=18). Plasma was also simultaneously isolated from the same
individuals and quantitated in the LAM-ELISA, which gave
average sLAM-1 levels of 1.91 * 0.98 ug/ml; sLAM-1 could
also be detected in tissue culture supernatant fluid..
Following lymphocyte activation with mitogens, increased
levels of supernatant fluid sLAaM-1 were detected by day 1 and
levels increased over a 6-day culture period.

Use

Monoclonal antibodies that do not identify shed receptor
LAM-1 yet identify the cell-surface receptor can be used as
therapeutics for direct administration to patients. The use
of antibodies of the invention will prevent many of the
secondary side effects of antibody administration that may
result from immune complex formation and cross-linking or
binding of antibody to the soluble form of the receptor.
Also, since the shed form of the receptor is a naturally
occurring molecule present in high levels, it is possible to
design recombinant protein products that are similar in
structure to sLAM-1; i.e., a recombinant protein without a
membrane spanning region and a cytoplasmic tail would mimic
the natural serum protein. This . characteristic would
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region could be introduced to induce a  higher binding
constant or affinity for ligand. This modified, truncated

recombinant protein could then be used in soluble form as a

therapeutic with low immunogenicity yet a higher capacity to
bind and block ligand binding of the cell-surface receptor
' protein. '

Antibodies of the invention will also be useful as
diagnostic agents. For example, the ability to idéntify
leukocytes that express cell-surface LAM-1 is important for
determining the migratior; 'potential of a given population of
cells and the state of cellular differentiation and
activation. Because of the high levels of sLAM-1, it will
be difficult to use antibodies in the présence of biological
fluids to identify the cell-surface molecule. However,
antibodies like anti-LAM1-1 will be useful for identifying
receptors present only on the cell-surface since they do not
react with shed receptor in blood or biological fluid
samples. For example, @ whole blood indirect
immunoflup;:'escence analysis will be facilitated and the in
vivo imaging or analysis of receptor distribution will be
possible with significantly lower amounts of antibody.

Also, monitoring of the levels of sLAM-1 could provide
diagnostic or prognostic information relating to inflammatory
disorders, leukocyte mobilization, malignancy or infection.
For example, since levels of sSLAM were easily and accurately
quantitated in se_runi from normal individuals, serum levels
of sLAM-1 were measured in patients with various states of
systemic inflammation or infection. While patients with
severe burns had sLAM-1 levels similar to those found in the
normal population, serum from Kawasaki syndrome patients had
SLAM levels generally less than those of normals. In
contrast, patients suffering from sepsis or HIV-infection
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cerebrosSpinal fluid, but the levels of sLAM-1 were generally
only 0.6 to 6% of those found in normal serum. Thus, altered
sLAM-1 levels, as an indication of leukocyte -mobilization-or
activation, have diagnostic or prognostic value for
inflammatory or infectious disorders.

The assays described herein demonstrate that detection
of sLAM-1 1levels in solution 1is readily achievable.
Furthermore, quantitation of sLAM-1 levels in a very precise
manner is also achievable, even when the sLAM-1 is contained
within a biological fluid. Also revealed is that
quantitation of sLAM-1 levels in biological fluids from
patients may have diagnostic value.

One of ordinary skill, after reading the foregoing
descriptions will be able to effect a variety of means for
detecting not only sLAM-1, but also the parent protein LAM-1
or any fragment of LAM-1. Detailed descriptions of two
binding assays have been provided, Western blot analysis and
an antibody-based ELISA. However, other agents which bind
selectively to LAM-1 may be used to capture or reveal the
presence of LAM-l,.or fragments thereof, such as carbohydrate
moieties, including PPME, fucoidin or other LAM-1 ligands.
Cell based . capture mechanisms such as cytokine-activated
endothelium or tissue sections that contain the LAM-1 ligand
could also serve as binding agents. '

In addition, the capture of LAM-1 or fragments thereof
can be assessed by a variety of means obvious to those with
skill in the art. For example, alterations in the structure,
resonance or optical properties of the capture reagent or
detecting reagent can be measured to reveal LaM-1 binding.
The capture reagent"" may also be a polyclonal antiserum
specific for LAM-1 or fragments thereof. Detection reagents
‘can also be labeled using radioactive, immunoreactive, or
enzymatically active agents ‘or compounds to visualize
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pati ents w tvariety of means. For example, recombinant LAM-1 protein or

fragments can be used as a standard as was demonstrated in
the assay for naturally occurring sLAM-1 in serum or plasma.
Also, LAM-1 or fragments thereof produced in tissue culture
supernatant fluid of mammalian, bacterial or insect cells can
be used. Even small peptide fragments which will bind to the
capture reagent can be used to assess and quantitate LAM-1
binding in a competitive assay, or the displacement of small
molecules from the capture reagent by LAM-1 can be used to
guantitate the amount of LAM-1 present.

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, substitutiqns 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.

Deposits

Hybridoma LAM1-1 was deposited on July 28, 1991, with
the American Type Culture Collection (ATCC) as ATCC
No. HB10844.

Applicants’ assigneé, Dana-Farber Cancer Institute,
Inc., represents that the ATCC is a depository affording
permanence of the deposit and ready accessibility thereto by
the public if a patent is granted. All restrictions on the
availability to the public of the material so deposited will
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application to one determined by the Commissioner to be
entitled thereto under 37 CFR 1.14 and 35 USC 122. The

deposited material will be maintained with all the care

necessary to keep it wviable and uncontaminated for a period

of at least five years after the most recent request for thé_ '
furnishing of a sample of the deposited microorganism, and

in any case, for a period of at least thirty (30) years after

the date of deposit or for the enforceable life of the

~patent, whichever period is longer. Applicants’ assignee

acknowledges its duty to replace the deposit should the
depository be unable to furnish a sample when requested due

to the condition of the deposit.
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2. The monoclonal antibody of claim 1 having the same

pattern of reactivity with LAM-1 as anti-LAMi-1 monoclonal
antibody. '

3. The monoclonal antibody of claim 1, wherein said
monoclonal antibody is anti-LAM1-1 monoclonal antibody.

4. A hybridoma cell which produces the monoclonal antibody
of claim 1. '

5. The hybridoma cell line deposited as ATCC No. HB10844.

6. A method for isolating the monoclonal antibody of
claim 1 comprising:

isolating a population of monoclonal antlbodles reactive
with LAM-1, _

screening said population for monoclonal antibody not
reactive with shed LAM-1, and

collecting said monoclonal antibody not reactive with
shed LAM-1.

7. A method for identifying cells expressing LaM-1
'comprising feacting the monoclonal antibody of claim 1 with
a population of cells and v1sua1121ng cells to which said '
antibody binds.

8. The method of claim 7 wherein said population of cells
is in a biological fluid.
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10. The method of clalm 9 wherein said pcpulatlcn of cells

is in a blologlcal fluid.

11. A method for blocking the receptor activity of LaM-1

comprising reacting the monoclonal antibody
a population of cells expressing said LaM-1.

of claim 1 with

12. A method for treating a human patient suffering from a.
lymphocyte~-mobilizing condition comprising administering to
said patient a therapeutic amount of the monoclonal antibody
of claim 1 in a non-toxic pharmaceutical carrier substance

therefor.

13. A method for identifying cells expressing LAM=-1

comprising

coupling an imaging agent to the monoclonal antibody of

claim 1,

reactlng said imaging agent-coupled antibody with a

population of cells, and
detecting said imaging agent.

14. A method for quantitating the amount of LaAM-1 or

fragment thereof in a sample comprising

reacting said sample in a binding assay with a binding
agent or ligand for LAM-1 or fragment thereof, and
comparing the results of said binding assay to a

standard curve.

15. The method of claim 14 wherein said fr
is shed rLAM-1.
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18. The method of claim 14 wherein said binding assay is an
ELISA.

19. The method of claim 14 wherein said binding assay is a
Western blot.

20. The method of claim 14 wherein said binding agent is an
anti-LAM-1 antibody. '

" 21. A kit for use in quantitating the amount of LAM-1 or
fragment thereof in a sample, said kit comprising
components required for extraction of said sample; and
components necessary for use in a binding assay, said
components comprising a binding agent or ligand for LAM-1 or
fragments thereof.

22. The method of claim 21 wherein said binding assay is an
ELISA.

23. The method of claim 21 wherein said binding agent is an
anti-LAM-1 antibody.
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T L-selectin) is present in high levels in human plasma.
Quantitative methods of detecting shed LAM-1 (sLAM-1) by
Westerri blot and ELISA analysis are disclosed. Also
disclosed are methods for the specific detection of cell-
surface bound 1LAM-1 in the presence of shed LAM-1 and for
immunotherapy using monoclonal antibodies reactive with cell-
surface bound LAM-1 but not reactive with shed LAM-1.
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1. Monoclonal antibody reactive with LAM-1 and not reactive

with shed LAM-1, except for the monoc

lonal antibody anti-

S LAM1-1 produced by the hybridoma cell line deposited with the
American Type Culture Collection as ATCC No. HB10844.

2. A hybridoma cell which produces the monoclonal antibody

of claim 1.

3. A method for isolating a monoclonal antibody reactive
10 with LAM-1 and not reactive with shed LAM-1 comprising:

isolating a population of monoclonal antibodies reactive

with LAaM-1,

screening: sald population for monoclonal antibody not

reactive with shed LaM-1, and
15 collecting said monoclonal antibod
and not reactive with shed LAM-1.

y reactive with LAM-1

4. A method for identifying cells expressing LAM-1 in a

medium suspected of containing shed LAM-

the monoclonal antibody of claim 1 with

1 comprising reacting
a population of cells

. 20 in a medium suspected of containing shed LAM~1 and
visualizing cells to which said antibody binds.

5. The method of claim 4 wherein
biological fluid.

said nedium is a

6. A method for isolating cells expressing LAM-1 from a

25 medium suspected of containing shed LAM-

the monoclonal antibody of claim 1 with
in a medium suspected of containing she
cells to which said antibody binds.
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7. The method of claim 6 wherein said medium is a
biological fluid.

8. A method for identifying cells expressing LAM-1 in a
medium suspected of containing shed LAM-1 comprising

5 coupling an imaging agent to the monoclonal antibody of
claim 1,° .

reacting said imaging agent-coupled antibody with a

population of cells in a medium suspected of containing shed
ILAM-1, and

10 detecting said imaging agent.

9. A method for gquantitating the amount of LAM-1 or
fragment thereof in a sample comprising
reacting said sample in a binding assay with a binding
agent or ligand for LAM-1 or fragment thereef, and
1s comparing the results of said binding assay to a
standard curve.

10. The method of claim 9 wherein said fragment of LAM-1 is
shed LAM-1.

11. The method of claim 9 wherein said sample 1is a
20 biological fluid. '

12. The method of claim 9 wherein said sample is from a
patient and wherein the amount of LAM-1 or fragment thereof
determined in said binding assay is to be used as a.
diagnostic variable.

25 13. The method of claim 9 wherein said binding assay is an
ELISA. '
14. The method of claim 9 wherein said binding assay is a

Western blot.
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2. A hybr| doma cel |l Iine which produces the nonocl onal anti body according

to claljlis_gﬁ__rIbg_ﬂnngsLon ccording to \J o E—y V<)

ant i body coup ed to an |na§tE§?%§§§i§X%Eﬁiﬁ—A met hg LAC .Jts I
nmonocl onal m\ﬂm‘ﬁll el | £&be bouhd LAMI1but does not bi
shed LAM steps of: (a) sol atiing a2i@PJuUNag9dnio
nonocl onal antqbddlés that bind cell surface{bqund LAM 1,
screening said popul ation for a nmonoclongl _ ant i

bi nd shed LAM1, and (c) «collecting said nonocl ¢gnal anti body that
bi nds 15. ‘i’ﬁ'el Mﬁ&f%@%‘f@l&%ﬂ&h@f@lﬁoéaﬁﬁ'eglhé%% agent is an

anti—-LAM-1 antibody.

16. A kit for use in quantltatlng ‘the amount of LAM-1 or
fragment thereof in a sample, said kit comprlslng
components required for extraction of said” sample; and
components necessary for use in a binding assay, said
components comprising a binding agent or ligand for LAM-1 or
fragments thereof.

17. The kit of claim 16 wherein said binding assay is an
ELISA. '

18. The . kit of claim 16 wherein said binding agent is an
anti-LAM-1 antibody.

19. A therapeutic composition comprising the monoclonal

- antibody of claim 1 in a pharmaceutically acceptable carrier

substance.

20. A therapeutic composition for use in the presence of
shed LAM-1  <comprising a monoclonal antibody in a
pharmaceutically acceptable carrier substance, said
monoclonal antibody hav1ng been determined to be reactive
with LAM-1 and not reactive w1th shed LAM-1.

21. A diagnostic molecule " comprising the monoclonal

antibody of claim 1 coupled to an imaging agent.

22. A diagnostic molecule for identifying cells expressing

LAM-1 in the presence of shed LAM-1 comprising a monoclonal
antibody determined- to be reactive with LAM-1 and not

reactive with shed LAM-1 coupled to an imaging agent.
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5. -A'gDnocLonaJTantibody i sol ated by the nethod of claim4. 6. A nethod
for tdentifying cells expressing LAM1 in_a nedium suspe kﬁ Eﬁ@m S ?
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1, A monocleonal antibody that binds to an epitope that
~ is present in the EGF-like domain of cell-surface bound
| LAM-1 but is not present in shed LAM-i, other than the
.anti~LAM1-1 monoclonal antibody produced by the hybridoma
cell line having ATCC accession number HB 10844, '

2. A hybridoma ¢ell line which produces the monoclonal
antibody according to claim 1.

3. The monoelonal antibody according to claim 1,
wherein the antibedy is coupled to an imaging agent.

4. A method for isolating a monoclonal antibody that
binds cell-surface bound LAM-1 but does not bind shed
LAM-1, comprising the steps of:
{a) isclating a population of monoclonal antibodies
that bind cell surface-bound LAM-1,
{b) screening said population for a monoclonal
. antibody that does not bind shed LAM-1, and
(e} collecting said monoclonal antibody that binds
cell-surface bound LAM-1 but not shed LAM-1.

5. A monoclonal antibody isselated by the method of
claim 4.

6. A method for identifying cells expressing LAM-1 in a
mediun suspected of céntaining shed LaM-1, comprising the
steps of: . |
(a) contacting a povulation ¢f cells in a medium
suspected of containing shed LaM-1 with a
monoclonal antibody that binds cell surface-
bound LAM-1 but does not shed ILAM-1, and
(b) wvisnalizing cells to which said antibody binds.

A
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bi ol ogi cal *fl‘ui 4. 8. A nethod for isolating cells =~from
a medi um suspected of cont ai ni ng shed LAM 1, conpri si ﬁﬁgﬂ‘kf_‘,ﬁMEﬁ ﬁﬂ@] |

(a) COmis8kdei Hyg Béen Reflatedt | ON Tﬁﬁlmfm@m m suspect ed] of
conta|n| with a REPLATRDOC| onal ant { b ) cpl
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i solatin ch said anti body bi nds. 9. i
to claims8, mhereln said nmediumis a blolgg_cal quid R

7. The method acCOrdlng to claim 6, wherein. sald medium
15 a biological f£luid.

8. A method for isolating cells expresaing LAM-1 from a
medium suspected of containing shed LaM-1, comprising the
steps of: _ .

(a). cohtacting a population of cells in a medium
suspectad of containing shed IAM-1 with a
mdnoclonal'antibOdy that binds cell surfaée- _
bound LAM-1 but does not bind shed LAM-1, and

(b) isolating cells to which said antibody binds.

- 8. The methed according to claxm 8, wherein Sald medium
is a biological fluid.

10...A nethod for 1dent1fy1ng cells expressing IAM~] in a

medium suspected of containing shed LAM-l, comprising the

steps of: | _ - _

' (a) coupling an imaging agent to a monoclonal
antibody that binds cell sufface~bound LAM-]
but does not bind shed LAM-1,

{(b) contacting a population of cells in a medium
suspected of containing shed LAM-1 with said
imaging agent-coupled antibody, and.

(c) detecting said imaging agent.

11. The method aecordlng to e¢laim 19, whereln saild
medium is a blologlcal fluid,

12, :A.msthod for determining the amount of cell surface-
bound_LAM&l in a Sample, comprising the steps of:
{a} contacting said sample with a monoclonal
~antibody that binds cell surface-bound LAM-1
and does not bind shed LAM~1, and
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10. A nethod for |dentifying cells expressing LAM1 i di-w-sasgernt ed

of containkng:shed LAM-1, conprising the steps of: PL ENE@H]S Lah

i magi ng agent _to a nDnocIonaI antlbodv t hat|” +res—cel

surfac a td doe QIGHEET HAS BEENoi nd shed | 199¢b

contactii n of I''s RBH&“HﬁUIU Bt%%@ggd

cont ai ni W th Serd | magi ng ag nt_ggupLed-an++docy,

and ‘(c) detecting said imaging agent. - 11. The jret hod accordlng tlo
- claim 10, wherein said nedium - is a #32togi cal -f|ui-g +2—A et hod

for detern1n|ng t he amount of cell surface- bound LAM1 in a sanple

conprising the stepébf determmmipgb@heaampu@¢sﬁﬁ(F%%ﬂnﬂ nd LRodN £habndgl onal
antlbody bound .

13. A method for determining the amount of shed.LAMhl in_
a sample, comprising the steps of: -

{a) contacting the sample with a flrst monoclonal
antibody that binds cell surface-~bound LAM-1
and does not bind shed LAM-1,

(b) contacting the sample with a second monoclonal
antibody that binds to shed LEM-1, and

(c) determlnlng the amount of the second ant;body
that is bound.

4. A klt for use. in determining ‘the amount of cell
surface-bound LAM-1 or shed IAM-1 in a sample, comprising
an antibody that binds cell surface-bound LAM-1 but does
not bind shed LAM-1.

15. 'The use of a monoclonal antibody that binds cell-
‘gurface bound LAM-1 but does not bind shed LAM-1 in the
préparation of a medicament for inhibitihg LAM-1

- dependent cellular adhesion in the presence of shed LAM-
1.

16. The use of a monoclonal antibody that binds cell-
. surface bound LAM-1 but does not bind with shed LAM-1 in
‘the preparation of a medicament for inhibiting'leukocyte
migration into tissues in the presence of shed LAM-1.

i7. An epitdpe present:in the EGF-like domzin of cell
‘surface bound LAM-1 put not present in shed LRM~-1, said
_epitope characterized by its reactivity with the anti=-
LAM1-1 monoelonal antibody produced by the hybridoma cell -
.~ lina having AICC accession No. HB 10844, |

5 o
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18. ' A method for producing an anfibody that binds cell-
surface bound LAM-1 but does not bind shed ILAM-1, wherein
the method comprises the step of contacting aptibody '

producing cells

with an epitope according to claim 16 and

collecting the antibody{

- 19. The methed

according to c‘alm 18, whereln the

antibody is a monoclonal antlbody.

20. Use of the

epitope according te claim 17 to produce

an antibody that binds cell-surface bound LAM-I but. does
not bind shed LAM-1.

21. The use according to claim 20, wherein the antibody

'is a monoeclonal

antibody.

* [ L M H *- o

This Sheet Has Been Replaced




ddes not bind shed LAM 1, (b) contacting the san W f 1o
nonocl onal anti body that binds to shed LAM L& HHVMEMENTFﬁHEET
' I Ni € a [ 'S boun
14. A kit for usgm t he amount of cell sfr aq97gﬂgg goAM 1] or
shed LAM1 in aﬂ%ﬂ gHﬂ“ ”mng afL gL anti body that bin cell
surface-bound L oes notl bind s ed LAM 1 a setokt—antt+begy—that|
.binds to shed LAM 1, and i nstructions for determ ning|the amount of cel
surface-bound LAM1 or shed LAM1 in graguple. 15. The use or a

nmonocl onal anti body that binds cell- surface bound LAM1 but does not bind
shed LAM 1 Lo t ha mempelaialonnifibedyethatnkbihdg ore iaxhidpittopg thbklis -

~dependent cgllglar Adhasd %é—&iﬁé&ed%ﬁiﬁ%f 061 PGk #40 bound Tam-1
but is not present in shed LAM-1, other than the anti~LAM1-1
monoclonal antibody produced by the hybridoma cell line
having ATCC accession number HB 10844.

2. A hybridoma c¢ell line which produces the monoclonal
antibody according to claim 1.

3. The monoclonal antibody according to claim 1, wherein
the antibody is coupled to an imaging agent.

4, A method for isoclating a monoclonal antibody that binds
cell-surface bound LAM-1 but does not bind shed LAM-I,
comprising the steps of:
(a) isolating a population of monoclonal antlbodies
that bind cell surface-bound LAM-1,
(b} screening said population for a monoclonal
antibody that does not bind shed LAM-], and
{¢) collecfing sdid monoclonal antibody that binds
cell-surface bound LAM-1 but not shed LAM-1.

5. A monoclonal antibody isolated by the method of claim
. | |

6. A method for identifying cells expressing LAM-1 in a
medium suspected of containing shed LAM-1, comprising the
steps of: ' _

{a) contacting a population of cells in a medium
suspected of containing shed LAM-1 with a
nonoclonal antibody that binds cell surface-bound
LAM-1 but does not shed LAM-1, and '

(b) wisualizing cells to which said antibody binds. .
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16. The use of .a.npnoelenat—antibody that binds cell -
but does not bind Mﬁth I'n the preparation
|nh|b|t|ngleuko mp mmotissuesinthe pr
17. A fragnent of resing an epitope present
domai n of cell sur?ace bound LAM 1 but ~§pL present in

fragment being characterized by its reactivity with t
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- monocl onal ANt i B method acdording to claim 6, wherdin sald medium is

a bioclogical fluid,

8. A method for isclating cells expressing LAM-1 from a
medium suspected of containing shed 1LAM-1, comprising the
steps of:
(a) contacting a population of cells in a medium
' suspected of containing shed LAM-1 with a
monoclonal antibody that binds cell surface-bound
LAM-1 but does not bind shed LAM~1l, and
{(b) isolating cells to which said antibody binds,

9. The method according to claim 8, wherein sald medium is
a biological fluid.

10. A method for identifying cells expressing LAM-1 in a
medium suspected of containing shed LAM-1, comprising the
steps of: _

{a) coupling an imaging agent to a monoclonal antibody
that binds cell surfacevbound LAM-1 but does not
bind shed LAM-1,

{b) contacting a population of cells in a medium
suspected of containing shed LAM~1 with said
imaging agent-coupled antibody, and

{(c) detecting said imaging agent.

11, The method according to claim 10, wherein said medium
is a bicological fluid.

12. A method for determining the amount of well surface-
bound LAM-1 in a sample, comprising the steps of:
(a) contacting said sample with a monoclonal antibody
that binds cell surface-bound LAM-1 and does not
bind shed LAM-1, and '

r
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-33- _produced by 't he hybridoma cell |ine having ATCC ac

égﬁﬁg' LAMlEl}' bﬁt ”Eégidnl?rbf’LSdﬂmﬂlmmmﬂﬂﬂmu ﬁlh?aebi o h a;f%%ﬁf;ﬁﬁ t

step of contacting antibody prollucindg c# 1§ wth a frag

'he

LAM 1 protein according to claim17 anqﬁgpllecting t he gntiLbody. 19.
met hod according to claim18, wherein the antibody is a jmonocl onal
antibody. - 20. (4ye @btarhiA0A®End amdbulitRF AVELaREDS
claim 17 to produce ﬁn agtlbody t hat binds cell-surface boun
does not bind shed LARFRS-

LAM 1 but

13. A method for determining the amount of shed LAM~1 4in a

sample, comprising the steps of:

' (a) contacting the sample with a first monoclonal
antibody that binds cell surface~bound LAM-1 and
does not bind shed rLaM-1,

(b) contacting the sample with a second monoclenal
antibody that binds to shed LAM-1l, and

(c) determining the amount of the second antibody that
- is bound.

14. A kit for use in determining the amount of cell
surface-bound LAM-1 or shed LAM-]l in a sample, comprising a
first antibody that binds cell surface~bound LAM~1 but does
not bind shed LAM-1, a second antibody that binds to shed
LAM~1, and instructions for determining the amount of cell
surface-bound LAM-1 or shed LAM-1 in a sample,

15. The use of a monoclonal antibody that binds cell~
surface bound IAM-1 bhut does not bind shed LAM-1 in the
preparation of a medicament for inhibiting LAM-1 dependent
cellular adhesion in the presence of shed LAM-1.

16. The use of a moneclonal antibody that binds cell-
surface bound LAM~1 but does not bind with shed LaM-1 in the
preparation of a medi¢ament for inhibiting leukocyte
migration intc tissues in the presence of shed LAM-1.

17. A fragment of LAM-1 comprising an epitope present in
the EGF~like domain of cell surface bound LAM~1 but not
present in shed LAM-1, saild fragment being characterized by
its reactivity with the anti-LAMI-1 monoclonal antibody

hdg
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21. 'The use according-to.claim 20, [ L Rody &EP;AQEWNI&{EET

ant i body. 22. A method for pr oducmﬂﬁrmmm#EHmEat reactive with

cel | -surface bound LAM1 but not react! e ' AMHIL, | WV DEC 1999

met hod conprises the steps of contacting anti body producyng cells with &

fusion protein conprising the extracel | Egr portion of hjuman T eukocyle
adhesi on nol ecule-1 (LAM 1) fused to th&Tconstant regionfof_a _hunan

i mmunogl obulj . ' Sit regio b ts | rotein
binds ot nErSRER Ry HE AN ARl L DinlNREGLR Ao AT (o
cell I'i ne hBQ: nBBATe®%4ccessi on No. HB 10844, and isolating an anti body
that binds to the LAM1 portion of the fusion protein or to cell surface
bound LAM 1, but_that dges not bind to shed LQN$1. 23.. The et hod
accordi ng t 8¢l o neBhodHERBRTQINCIng: ARoaptibedy that binds cell-

surface bound LAM-1 but does not bind shed LAM-1l, wherein
the method comprises the step of contacting antibody
producing cells with a fragment of a human LAM-1 protein
according to c¢laim 17 and collecting the antibody.

18. The method according to claim 18, wherein the antibody
is a monoc¢lonal antibody.

20. Use of a fragment of a human LAM-1 protein according to
claim 17 to produce an antibody that binds cell~-surface
bound LAM-1 but does not bind shed LAM-1,

21. The use according to claim 20, wherein the antibedy is
é nmonoclonal antibody.

éz. A method for producing an antibody that is reactive
with cell-surface bound ILAM-1 but not reactive with shed
LAM-1, wherein the method comprises the steps of contacting
antibody producing cells with a fusion protein comprising
the extracellular portion of human leukocyte adhesion
molecule-l (LAM-1) fused to the constant region of a human
Jmmunoglobulin heavy chain constant region, wherein the
‘fusion protein binds to the anti-IAM1-1 monoclonal antibody
iproduced by the hybridoma cell line having ATCC accession
‘No. HB 10844, and isclating an antibody that binds to the
;LAM—I portion of the fusion protein or to cell surface bound
‘LAM~1, but that does not bind to shed LaAM-1.

]
.

123. The method according to claim 22, wherein the antibody
is a monoclonal antibody.
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SPECIFIC DETECTION OF CELL SURFACE RECEPTOR
LEUKOCYTE ADHESICON MOLECULE-1l .

ABSTRACT _

A shed form of leukocyte adhesion molecule-1 (LAM-1,
L-selectin) is present in high levels in human plasma.
Quantitative methods of detecting shed LAM-1 (sLaM-1) by
Western blot and ELISA analysis are disclosed. Also
disclosed are methods for the specific detection of cell-
surface bound LAM-1 in the presence of shed LAM-1 and for
immunotherapy using monoclonal antibodies reactive with cell-
surface bound LAM-1 but not reaqtive with shed LaM-1.



