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SPECIFIC DETECTION OF CELL SURFACE RECEPTOR
LEUKOCYTE ADHESION MOLECULE-1

RELATED APPLICATIONS -
This application is a continuation-in-part of 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; of
Tedder, u.s. Patent Application Serial No. 07/700,773, filed
May 15, 1991; of Tedder, U.S. Patent Application Serial

~ No. 07/737,092, filed July 29, 1991; 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, the U.S.
Government has certain rights in this invention.

BACKGROUND OF THE INVENTION

The ability of leukocytes to leave the circulation and
to migrate into tissues is a critical feature of the immune
response. Normally, the infiltrating leukocytes phagocytize
invading organisms or dead or damaged_cells. However, in
pathologic inflammation, infiltrating leukocytes can cause
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
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1nf1ammation (Springer, Nature 346:425-434 (1990)) One of
. the several molecules involved in the 1n:|.t1.a1 attachment of
~ leukocytes to endothelium is the leukocyte adhesion

molecule-1 (LAM-1, L-selectin) (Kishimoto et al., Proc. Natl.
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~-
5566 (1989); Tedder et al., J. Exp. Med. 170:123-133 (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,
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 (Collins 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 (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,
a transmembrane region, and a cytoplasmic tail.

' LAM-1 is expressed -ori the surface of most leukocytes,

.in'cluding 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)). ILAM-1 is a highly
glycosylated protein of 95-105,000 M, on neutrophils' and
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74,000 M, on lymphocytes (Griffin et al., J. Immunol.
145:576-584 (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
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~
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.
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-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.
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-
622 (1990); Spertini et al., J. Immunol, 147:942-949 (1991);
Watson et al., J. Cell Biol. 115:235 (1991)).
S——
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It has been proposed that the treatment of a patient
suffering from pathologic inflammation with an antagonist to
adhesion receptor function can result in the reduction of
leukocyte migration to a level manageable by the target

‘endothelial cells and the subsequent dramatic recovery of the

patient. Local administration of therapeutic agents ean
block competitively the adhesive interactions between
leukocytes and the endothelium adjacent to an inflamed
region. Therapeutic agents can also be administered on a
systemic level for the treatment of a patient suffering from
disseminated inflammation ' (Harlan and Liu, eds. , Adhesion:
Its Role in 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
following cellular activation in vitro (Griffin 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)).
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)).
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

-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)).
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A number of surface molecules present on cells of
various lineages are now known to be shed and thereby

‘released into the extracellular milieu (Tedder, Am. J.
- Respir. Cell Mol. Biol. 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  (Porteéu 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 unifying 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., Leukenmia

.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.

___'._——————-——————"‘_—‘——_
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. S Y OF THE INVENTION |
We report here that the shed leukothe adhesion

‘molecule-1 (sLAM-1) from bqt'_.h lymphocytes and neutrophils was
~demonstrated to be present in high levels in human plasma.

Two assay methods have been 'used,. Western blot analysis and
a specially 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.
Total inhibition of LAM-l-dépendent lymphocyte attachment was

achieved at sLAM-1 concentrations of 8 to 15 pg/ml, while

physiologic_al 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 lyinphocyte attachment
by the shed form of the receptor, even at physiological

_ concentrations of sLAM-1, and the inhibitio_n 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-LAM1-1; most
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- preferably the antibody is anti-LAM1-1 monoclonal antibody.

The invention also features methods of using the selective
antibody in diagnostic and therapeutic applications.
In another aspect, the invention features a method for

. quantitating the amount of LAM-1 or fragment thereof in -a

Sample that includes reacting the sample in-a binding assay
with a binding agent or ligand for LAM-1 or fragment thereof,
and comparing the results of the binding assay to a standard
curve. P:eferably, the fragment of LAM-1 to be detected is
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
an ELISA or a Western blot, and the binding agent is an anti-
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
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. ' |

DESCRIPTION OF TﬁE 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 seruﬁ level of sLAM-1 was
determined to be 1.6 * 0.8 ug/ml.
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The shed form of LAM-1 was found to be different from
the cell éurface-boun‘d form in one major way. sLAM-1 did not
contain the epitope within the EGF-like domain of LAM-1
identified by the anti-LaM1-1 mAb, while this epitope is
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 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 soluble 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
(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
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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The concentration of sLAM-1 was determined by comparison
with a reference plasma sample that ranged between 0.85 to
1.9 ug/ml, having been standardized by two independent means..
The mean of this range of values of 1.3 ug/ml should
represent a conservative estimate of the actual amount of
sLAM-1 present in plasma, and was therefore chosen as the
basis of all future calculations. Theoretical considerations
based on experimental data derived from shedding experiments
in K562-1LAM~-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
cdncentration of sLAM in plasma can be calculated by
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 1eukocytes (~4 x
10%/ml) present in the samples, assuming a density of 50-
100,000 receptors/éell. 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-LAM-1 mAb.

This Sheet Has Been Replaced

Il




= .-

10

15

20

25

30

35

REPLACED

THIS SHEET HAS BEEN .

|
i
!

revealed sLAM-1 specifically bound to the luminal surface of
endothelial cells, both on HEV-endothelium and at sites of
inf la_mmation .

. 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
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smaller than that for LAM-1 isolated from detergent
solubilized cells as previously described (Lasky et al.,
Cell. 56:1045-1055 (1989); Spertini et al., Leukemia 5:300-
308 (1991))." | '

Quantitation of sLAM-1 in plasma and serum by.ELISA

_ The amount 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
normal blood donors was found to be 1.6 + 0.81.0 ug/ml, n=63.
In some donors, sLAM-1 levels wére 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
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 present at relatively high levels in human plasma
and serum. '

- Quantitation of sLAM-1 in supefnatants of activated
leukocytes : _ :

Stimulation or the culturing of leukocytes has been
associated with shedding 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
found to contain detectable sLAM-1, in contrast to
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supernatant fluid obtained from untransfected cells cultured
at the same density. Similarly, medium from freshly isolated
neutrophils' cultured at 37°C for 60 min also contained
detectable sLAM-1l. Incubation of the neutrophils with
stimuli that do not affect cell surface LAM-1 expressioﬁ, '
granulocyte-colony stimulating factor, interleukin 1,
monocyte-colony stimulating factor, interleukin 6,
_ihterferon v, and interleukin 4, did not induce an increase
in sLaAM-1. However, stimulation with formylated
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
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 ncj/ml..
However, PMA-activation of 1lymphocytes 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 cbncent_:rations of 22 £ 6 ng/ml (1.7
+ 0.5% of standard plasma; n=14). Elevated levels of sLAﬁ-l
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

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
fractionation followed by affinity chromatography with the
anti-LAM1-3 mAb, as described. The column eluate was
. -
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"concentrated and the level of sLAM-1 present was quantitated '

by ELISA and adjusted to ~15 pug/ml (6 to 10% of total eluate
protein). SLAM-1, at different concentrations, in RPMI
1640/10% FCS was incubated (15 min, 4°C) with
cytokine-activated endot'heli';l cells before examining
lymphocyte attachment to endothelium through LaAM-1. While |
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
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
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
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
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 ILAM-1 ligand, sLAM-1 treatment of
the endothelium caused a consistent, but small, inhibition
of LAM~l-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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combination of sLAM-1 with the anti-LAM1-3 mAb did not cause

a greater inhibition than that observed with the mAb alone.
Thus, during the development of an inflammatory response, it

'is likely that sLAM-1 will be able to alter the course of

leukocyte attachment although the influence appears to: be
small in this in vitro assay.

sLAM-1 in serum blocks anti-LAM-1 mAb binding
The presence of eirculating 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 maAb

that were saturating in RPMI/FCS. Next, lymphocytes (1 x
105/100 pl) were incubated with various coneentrations 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-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
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 anp

‘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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were performed in which different LAM-l-directed mAb were
bound to an ELISA 'plate as capture antibodies with the
anti-LAM1-3 mAb as - the 'detecting antibody. Lectin
domain-épecific'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 reactiv1ty. 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
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necessary conformat:.onal determlnant that is requ:.red for
anti-LAM1-1 mAb b:Lnd:Lng.

Expression of LAM-l ih human inflammatory tissues
Presumably, sLAM-1 is generated in vivo as leukocytes

‘become activated and/or transmigrate 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
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:
Extravascular leukocytes positive for LAM-1 were seen in all

tissues examined, and these included, where present,
lymphocytes, neutrophils and monocytes. The process of

extravasation does ‘not result in complete 1loss of i

cell-surface LAM-1 from all cells as 1lymphocytes which
appeared to be traversing between endoth_elial cells remain

LAM-1*, and some transmigrating 'monocytes "also appeared _

LAM-1*. 1In 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
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.

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
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within the EGF-1like domain and anti-ILAM1-14 which reacts with
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
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
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
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

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.
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
retained surface LAM-1 and were predominantly 1ymphocytes
(~99%) . '

Cell cultures .
Lymphocytes were cultured  in 24 well plates (Costar
Corp., Cambridge, MA) at 10%/ml in RPMI 1640 medium
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containing 10% FCS, 2% L-glutamine, penicillin, and

streptomycin. The cells were cultured with PMA (100 ng/ml)

for 60 min before the culture medium was harvested and tested
for sLAM-1 by ELISA. Neutrophils were incubated in
polypropylene tubes at 8 x 10° cells/ml for 60 min at 37°C
either in HBSS/5% 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
(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
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 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
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).
Ten thousand cells were analyzed for each sample and the mean

eet Has Been Replaced

\\I|\|\\ IS




10

15

20

25

30

35

[THIS SHEET HAS BEEN
~ REPLACED

- 19 -

peak channel number for positively stained cells was
determined using a linear scale.

In some experiments, cells were stained in the presence
of human plasma. sLAM was precleared from an aliquot of the
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

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
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

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
gelatin (0.1%) coated glass slides and stimulated witthHfia
(100 U/ml) at 37°C for the times indicated. The mondiaYers
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
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
glutaraldehyde, (1% (v/v) in PBS; Polysciences, Warrington,
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PA), and stained with hematoxylin. The number of adherent
leukocytes was determined by counting 6 microscopic fields
(0.09 mm?/field) and the results were expressed as means
+ SD. '

- Immunohistochemistry

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
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
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
specific staining only obtained with the test mAb.

Production of the LAM-l and IgG chimera cDNA and prdfé_i_n

The 1400-bp Banll 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
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
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)
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and digested with BanII and Kpnl. In parallel, the LAM-1
cDNA subcloned into pSP65 was digested with Kpnl and Pvul,
and a cDNA encoding human heavy chain IgG, was digested with

BanII and Pvul. After gel purification, the DNA fragments

thus obtained were mixed with the PCR product previously
digested with Kpnl and BanII and ligated tog"ether. The PCR
produc’t 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 purlficat:.on

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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semipurified sLAM-1 was transferred into RPMI 1640/10% FCS
by further ultrafiltration. '

Western Blot Analysis
sLAM-1 was semipurified from plasma as described above

‘and further purif ied 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 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
(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—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
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
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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anti-LAM-1 mAb (100 gg/ml) in 0.1 M borate buffer, pH 8.4 at
4°C for 18 h. Following two washes with Tris buffered saline
(TBS; 20 mM Tris pH 7.5, 0.5 M NaCl) the wells were blocked
with 100 pl of 2% bovine serum albumin and 1% gelatin in TBS
for 1 h at 37°C. The wells'were washed three times with TBS
containing 0.05% Tween 20 (TBST), and the test samples
diluted into TBST (50 pl) were added to triplicate wells for
90 min at 20°C. Each assay included the titration of a
previously 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 pl 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 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
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.
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
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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(1 x 107 cells/ml) and were stimulated with PMA (100 ng/ml)
for 2 h at 37°C. The supernatant fluid was collected,

concentrated by 'ultrafiltration and affinity purified by
column chromatography using anti-LAM-Sepharose.. The

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

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
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 equiv_alént to ~1.9 ug/ml of LAM-IgG fusion
protein. Since the dimeric nature of the fusion protein
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 kg/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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Significant reactivity was only observed in the human plasma,

~and supernatant fluid from K562-LAM cells and LAM-IgG cDNA

transfected cells. In ten assays, the LAM-ELISA had a linear
correlation coefficient > 0.97 uéing a titration curve of
standard plasma over a range of 5 - 1300 ng/ml. The
interassay coefficient of variation for ‘measuring sLAM-1
levels in plasma on three different days was 4.5%. There was
no significant 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.

~ The 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 sLAM-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 '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
the natural serum protein. This characteristic would
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diminish the immunogenicity of such a recombinant to the
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
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'
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
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
receptors present only on the éell-surface since they do not -
react with shed receptor in blood or"biological fluid.

-samples. : For example, whole blood indirect

immunofluorescence analysis will be facilitated and the in
vivo imaging or analysis of receptor distribution will be
possible with significantiy 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

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
sLAM levels generally 1less than those of normals. In
contrast, patients suffering from sepsis or HIV-infection
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showed markedly elevated levels of sLAM-1 in serum that was
significantly different (p < 0.005) from that of a population
of normal blood donors. sLAM-1 was also detected in .
cerebrospinal 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 asseys described herein demonstrate that detection
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
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
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:{;:
Cell based capture mechanisms such as cytokine-activeted:
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.
detectihg reagent can be measured to reveal LAM-1 binding.
The capture reegent may also be a polyclonal antiserum
specific for LAM-1 or fragments thereof. Detection reagents
can also be labeled using radioactive, iinmurioreactive, or
enzymatically active agents or compounds to visualize
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binding. In addition, the capture reagent may not be
specific for LAM-1 or fragments thereof, but LAM-1
specificity may be obtained through the use of LAM-1 specific
detecting reagents, or the detecting reagent- may be non-
specific and the capture reagent specific.

Quantitation of the amount of LAM-1, or fragments'
thereof, present in a sample can also be achieved using a
variety of means. Fortexample; recombinant LAM-1 protein or
fragments can be used as a standard as was demonstrated in
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
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
conjunctlon with a preferred embodiment, one of ordinary
skill, after reading the foregoing specification, will be
able to effect.various changes, substitutions of equivalents,
and other alterations to the compositions and methods set '
forth herein. It is therefore intended that the protection
granted by Letters Patent hereon be limited only by the

-definitions contained in the appended claims and equivalents

thereof.

Deposits _

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

availability to the public of the material so deposited will
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be irrevocably removed upon the granting of a patent. The
material will 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
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
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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What is claimed is:

1. Monoclonal antibody reactive with LAM-1 and not reactive
with shed LaM-1. o ' '

2. - The monoclonal antibody of 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.

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 antibodies reactive
with LaM-1, | | _ | o

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 'ident_ifyirig cells expressing LAM-1

comprising reacting the 'monpclonal antibody of claim 1 with
a population of cells and visualizing 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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9. A method for isolating cells expressing LAM-1 comprising
reacting the monoclonal antibody of claim 1 with a population
of cells and isolating cells to which said antibody 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. ' ' '
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16. The. method. of c1a1m 14 wheréin said sample is a
b1010g1ca1 fluld. ' '

17. The method of claim 14 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.

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 whereln said blndlng 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 bihdinq assay is an
ELISA. '

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

. ThlS Sheet Has Been Rep laced




