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(7) ABSTRACT

The present invention has determined that exogenously
added glycosylceramide (GleCer) and other neutral gly-
colipids such as the homologous Glec-containing globotriao-
sylceramide (Gb3Cer), dose-dependently prolonged clotting
times of normal plasma in the presence but not absence of
APC:protein S, indicating GlcCer or Gb3Cer can enhance
protein C pathway anticoagulant activity. In studies using
purified proteins, inactivation of factor Va by APC:protein S
was enhanced by GlcCer alone and by GlcCer, globotriao-
sylceramide, lactosylceramide, and galactosylceramide in
multicomponent vesicles containing phosphatidylserine and
phosphatidylcholine. Thus, the present invention provides
neutral glycolipids such as GlcCer and Gb3Cer, as antico-
agulant cofactors that contribute to the antithrombotic activ-
ity of the protein C pathway. The present invention has also
determined that a deficiency of plasma GlcCer is a risk
factor for thrombosis. Methods are provided to determine
individuals at risk for thrombosis, methods of treatment as
well as methods of screening for antithrombotic factors from
neutral glycolipids.
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Figure 3
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Fig. 4A
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Fig. 4C
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Fig. 5A
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PLASMA GLUCOSYLCERAMIDE DEFICIENCY AS
RISK FACTOR FOR THROMBOSIS AND
MODULATOR OF ANTICOAGULANT PROTEIN C

[0001] This application claims benefit to Provisional
Application No. 60/272,103, filed Feb. 28, 2001, and Pro-
visional Application No. 60/278,045, filed Mar. 22, 2001.

[0002] This project has been funded at least in part with
Federal funds from the Department of Health and Human
Services under NIH Grant HL 21544

FIELD OF THE INVENTION

[0003] The present invention relates to neutral glycolipids
as antithrombotic factors for prevention or inhibition of
thrombosis and as anti-inflammatory agents. More specifi-
cally the invention relates to neutral glycolipids such as
glucosylceramide, globotriaosylceramide, galactosylceram-
ide, lactosylceramide and the like as antithrombotic factors
and the use of the neutral glycolipids for prevention or
inhibition of thrombosis and as anti-inflammatory agents.
The present invention also relates to methods for screening
for individuals at risk of thrombosis and relates to methods
of screening for antithrombolytic agents from candidate
neutral glycolipids.

BACKGROUND OF THE INVENTION

[0004] Poor anticoagulant response to activated protein C
(APC), termed APC resistance, is detected in 20 to 50% of
venous thrombosis patients, (1) and it can be present in
patients with normal factor V genotype (2-4) or with the
factor V polymorphism, arginine to glutamine substitution at
amino acid 506, (5-7) or with a variety of acquired condi-
tions, eg., oral contraceptive use, (8) autoantibody against
APC, (9) etc. APC resistance is also associated with
increased risk of ischemic stroke in subjects with normal
R506-factor V. (10,11) Severe deficiency of protein C or
protein S causes life-threatening thrombosis. (12-15) Thus,
the protein C pathway provides a major physiologic antico-
agulant mechanism for down-regulation of thrombin gen-
eration in which APC proteolytically inactivates factors Va
and Villa. (16)

[0005] Blood coagulation reactions are stimulated by
phospholipid membrane surfaces as is the anticoagulant
protein C pathway. (17) However, procoagulant and antico-
agulant complexes may be differentially affected by different
membrane phospholipid components. (18-20) Because we
found that high density lipoprotein (HDL) exhibits antico-
agulant cofactor activity for APC:protein S (21) we decided
to evaluate further the influence of plasma lipids and lipo-
proteins on the protein C pathway.

[0006] Plasma lipoproteins contain glycolipids as well as
phospholipids. (22-24) Glycolipids can play critical roles as
bioregulators of a variety of processes such as cell prolif-
eration, cell mobility and apoptosis. (23) Glycolipid mol-
ecules present their highly varied saccharide residues on the
surface of lipoprotein particles as well as on cell surfaces,
exposing saccharides to interactions with other cells, anti-
bodies, bacterial toxins, and viral envelope proteins. (23)
Several hundred glycolipids are known. However, the rel-
evance of glycolipids to the blood coagulation system is
currently unknown. Studies of the relationship between
glycolipids and risks of venous thrombosis or of the influ-
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ence of glycolipids on the APC:protein S anticoagulant
pathway have not been reported.

[0007] This present invention demonstrates the relation-
ship between thrombosis and plasma levels of neutral gly-
colipids. The present invention demonstrates that a neutral
glycolipid deficiency is a potential risk factor for thrombosis
and gives rise to the novel broad concept that neutral
glycolipids may contribute to regulation of thrombin gen-
eration, blood coagulation, thrombosis and inflammation.

SUMMARY OF THE INVENTION

[0008] One object of the invention is to provide a neutral
glycolipid as an antithrombotic or anti-inflammatory factor.

[0009] Another object of the invention is to provide a
neutral glycolipid having the formula: R-sugar-linked cera-
mide as an antithrombotic or anti-inflammatory factor.

[0010] The invention further provides pharmaceutical
compositions comprising neutral glycolipids, alone or in
combination with at least one anticoagulant, antithrombotic
agent, thrombolytic agent, antiplatelet drug, anti-inflamma-
tory drug, high density lipoprotein or portion thereof, or
combinations thereof.

[0011] The present invention provides neutral glycolipids
in vesicle form alone or in combination with one or more
lipids to form an antithrombotic or anti-inflammatory
vesicle. The vesicles may be provided in the form of a
pharmaceutical composition alone or in combination with at
least one anticoagulant, antithrombotic agent, thrombolytic
agent, antiplatelet drug, anti-inflammatory drug, high den-
sity lipoprotein or portion thereof, or combinations thereof.

[0012] The invention further provides nutritional supple-
ments or dietary supplements comprising one or more
neutral glycolipids and/or one or more vesicles comprising
one or more neutral glycolipids.

[0013] The present invention provides a method of deter-
mining an individual at risk for thrombosis by determination
of a below-normal level of a neutral glycolipid in a biologi-
cal specimen, a below-normal level indicative of a risk
factor for thrombosis in the individual.

[0014] The invention further provides a method of deter-
mining a neutral glycolipid concentration in a biological
specimen.

[0015] Another aspect of the invention is a method of
enhancing antithrombotic or anti-inflammatory activity in a
subject comprising administration of at least one neutral
glycolipid.

[0016] The invention further relates to a method for
screening for candidate neutral glycolipids having anti-
thrombotic activity.

[0017] The invention further provides an animal model for
thrombosis comprising an animal deficient in glucosylcera-
mide.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] These and other objects, features, and many of the
attendent advantages of the invention will be better under-
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stood upon a reading of the following detailed description
when considered in connection with the accompanying
figures:

[0019] FIGS. 1A-1D. Plasma glucosylceramide (GleCer)
levels are low in venous thrombosis patients. Plasma GlcCer
and phosphatidylethanolamin (PE) were quantitated using
HPLC for 70 venous thrombosis patients and 70 controls.
Solid lines indicate mean values from analysis of the dis-
tribution of log-transformed data and the dashed line in
panel A indicates the 10" percentile value for controls. FIG.
1A: GlcCer levels in 70 venous thrombosis patients and 70
controls (p=0.0007); FIG. 1B: GlcCer levels for patients and
controls who are less than 45 years old (p=0.0003); FIG. 1C:
GlcCer levels for patients and controls =45 years old
(p=0.33); FIG. 1D: PE levels for 70 venous thrombosis
patients and 70 controls (p=0.48).

[0020] FIG. 2. Reduction of endogenous plasma GlcCer
by recombinant glucocerebrosidase is associated with
reduced anticoagulant response to APC:protein S. Following
hydrolysis of endogenous plasma GlcCer for 3 min due to
addition of recombinant glucocerebrosidase to plasma, the
anticoagulant response to APC:protein S was immediately
assayed and, using parallel aliquots, residual plasma GlcCer
levels (right ordinate, A) were determined by HPLC analysis
as described in Methods. The clotting times (left ordinate)
observed in the presence (¢) and absence (o) of APC:protein
S are shown. The plasma GlcCer level prior to glucocer-
ebrosidase treatment was defined as 100%.

[0021] FIG. 3. Anticoagulant response of plasma to
APC:protein S is enhanced by addition of GlcCer and
globotriaosylceramide (Gb3Cer). Glycolipids were added to
normal plasma aliquots that were then assayed using the
dilute modified prothrombin time assay as described in the
presence and absence of APC:protein S. Clotting times are
shown for the presence of APC:protein S (@ indicates
GlcCer; A, Gb3Cer; galactosylceramide (GalCer); and V,
lactosylceramide (LacCer)) and for baseline controls (with-
out APC or protein S added) (o indicates GlcCer; A,
Gb3Cer; B, GalCer; and ¥, LacCer). For GleCer addition,
clotting times are also shown for addition of APC alone (¢
indicates GlcCer).

[0022] FIGS. 4A-4D. Correlation of anticoagulant
response to APC:protein S with plasma GlcCer levels in
venous thrombosis patients. Fasting plasma samples from 50
venous thrombosis patients and 50 controls were assayed
using modified prothrombin time (PT) clotting assays in the
presence and absence of added APC:protein S. Baseline PT
values were determined in the absence of added APC:protein
S. Parameters from analysis of the correlation between the
observed clotting times and GlcCer are shown for each
subgroup. FIG. 4A: PT in the presence of added APC:pro-
tein S for venous thrombosis patients (excluding those with
GlIn506-factor V); FIG. 4B: PT in the presence of added
APC:protein S for controls (excluding those with Q506-
factor V); FIG. 4C: Bascline PT for thrombosis patients;
FIG. 4D: Baseline PT for control subjects.

[0023] FIGS. 5A and 5B. GlcCer enhances factor Va
inactivation by APC:protein S. Purified factor Va was incu-
bated with APC:protein S and varying lipids to allow factor
Va inactivation for times indicated, and then residual factor
Va activity was determined using clotting assays as
described in Materials and Methods. (FIG. 5A) Time course
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for factor Va (1.5 nM) inactivation by APC (6 nM final) and
protein S (18 nM final) in the presence of 5 mM CaCl, and
GlcCer (@) or PC vesicles (o) (21.5 uM) or buffer (x) at 37°
C. Controls without APC:protein S included GleCer (A) or
PC vesicles (*). The factor Va activity observed at 0 time
was defined as 100%. (FIG. 5B) For studies using multi-
component vesicles, various concentrations of PC (o),
PC/GlcCer (@), PC/PS (A) and PC/PS/GlcCer (A) vesicles
were incubated with APC (1 oM final), protein S (18 nM
final), and factor Va (1.5 nM final) for 3 min at 37° C., and
then residual factor Va was determined. The factor Va
activity observed with no lipid vesicles added was defined as
100%.

[0024] FIGS. 6A-6E. Anticoagulant response of plasma to
APC/protein S is enhanced by addition of glycolipids.
Purified factor Va (1.5 nM) was incubated with APC (0.16
oM final)/protein S (18 nM final) and varying lipid vesicles
to allow factor Va inactivation for five minutes and then the
residual factor Va activity was determined using prothrom-
bin time clotting assays. FIG. 6A GlcCer, FIG. 6B GalCer,
FIG. 6C LacCer, FIG. 6D Gb3Cer and FIG. 6E globotet-
raosylceramide (Gb4Cer). Content of glycolipid: (@)=0%;
(O)=1%,; (A)=5%; (A)=10%.

DETAILED DESCRIPTION OF THE
INVENTION

[0025] The present invention are novel antithrombotic
factors that contribute to regulation of thrombin generation,
blood coagulation and thrombosis and act as anti-inflamma-
tory agents. The novel antithrombotic factor of the present
invention participates with activated protein C and protein S
in prolongation of clotting times. The antithrombotic factor
of the present invention enhances factor Va inactivation by
activated protein C and protein S thus inhibiting the forma-
tion of thrombin.

[0026] The novel antithrombotic factor of the present
invention comprise one or more neutral glycolipids, in
particular, neutral glycosphingolipids. The neutral glycolip-
ids of the present invention have no net charge. The neutral
glycolipids of the present invention have one or more sugars
in their head group connected directly or covalently to the
—OH at C-1 of a ceramide moiety.

[0027] The neutral glycolipids of the present invention
comprise the general formula:

[0028] R-sugar-linkage-ceramide. The sugar moiety is
preferably a hexose sugar selected from the group including
but not limited to glucose, galactose, allose, altrose, man-
nose, gulose, idose, talose and the like, preferably glucose or
galactose. The linkage to ceramide is a direct or covalent
linkage between the sugar and ceramide, preferably a beta-1
linkage of the sugar moiety to ceramide. The R group is
hydrogen (H), or one or more saccharide units. The multiple
saccharide units or oligosaccharides, may be various com-
binations of saccharides or may be repeating units of the
same saccharide. The number of saccharide units may be 1
to about 20, preferably 1 to about 6, more preferably 1 to
about 3. The saccharide units may be linear or complexed
branched units. The saccharide units for position R include
but are not limited to galactose, allose, altrose, mannose,
gulose, idose, talose and the like, provided the net charge of
the glycolipid remains neutral and the neutral glycolipid
maintains antithrombotic activity.
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[0029] Specific embodiments of the general formula of
neutral glycolipids of the present invention include but are
not limited to glucosyleeramide (GlcCer), globotriaosylce-
ramide (Gb3Cer), lactosylceramide (LacCer) galactosylce-
ramide (GalCer) and the like.

[0030] The linkage of the saccharide units to the sugar
moiety may vary, provided the neutral glycolipid retains the
proper conformation to function as an antithrombotic factor.
In one embodiment Gb3Cer has the linkage Galal, 4Galf1,
4Gle/B1-Cer. In another embodiment, LacCer has the link-
age Galp1, 4Glep1-Cer. In yet another embodiment GalCer
has the linkage Galf1-Cer.

[0031] The fatty acid side chain of the ceramide may vary
and may be saturated, monounsaturated or polyunsaturated.
The number of carbon atoms in the fatty acid chain may vary
and may include, for example 16, 18, 22 or 24 carbon atoms,
provided the polar head groups of OH at C-3 and amide
group at C-2 of ceramide is maintained.

[0032] Sugars and saccharides of the neutral glycolipid
that may be used in the present invention that contribute to
the antithrombotic activity of the neutral glycolipid include
but are not limited to glucose, galactose, lactose, globotri-
ose, erythrose, threose, ribose, arabinose, xylose, lyxose,
allose, altrose, mannose, gulose, idose, talose, sedoheptose,
sedoheptulose and the like. The sugars may be in the
D-isomer form or L-isomer form, preferably D-isomers.

[0033] The neutral glycolypids for use in the present
invention may be prepared by standard methods known in
the art. The neutral glycolipids may be purified from bio-
logical sources or prepared biosynthetically by methods
known in the art, or obtained through commercial sources.
For galactosylceramide a preferred commercial source is
Sigma Chemical Company, St. Louis, Mo. The neutral
glycolipids should be greater than about 90% pure, prefer-
ably about 95% or greater purity, more preferably greater
than 98% pure.

[0034] The neutral glycolipids of the present invention
may be provided in vesicle or bilayer form alone or with one
or more lipids added. The lipids may include, but are not
limited to one or more sphingolipids, phosphatidylserine,
phosphatidylcholine, phosphatidylethanolamine, choles-
terol, cholesterol ester, triglyceride, diacylglyceride, leci-
thin, liposomes and the like, and combinations thereof. The
neutral glycolipid comprises about 1% to about 100% of the
total components of the vesicle, preferably about 1% to
about 50% of the total components, more preferably about
1% to about 10% of the total components. One or more
lipids comprise the remainder of the components.

[0035] In one embodiment of the present invention, the
antithrombotic factor vesicle comprises a neutral glycolipid,
alone. In another embodiment of the antithrombotic vesicle,
the vesicle comprises one or more various neutral glycolip-
ids and sphingomyelin. In yet another embodiment of the
antithrombotic factor vesicle, the vesicles comprise one or
more various neutral glycolipids, phosphatidylethanolamine
and cholesterol.

[0036] Another embodiment of the antithrombotic vesicle,
the vesicle comprises one or more neutral glycolipids and
cholesterol. In another embodiment, the vesicle comprises
one or more neutral glycolipids, sphingomyelin and choles-
terol.
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[0037] In one embodiment, the antithrombotic vesicle
comprises glucosylceramide, phosphatidylcholine and phos-
phatidylserine. In another embodiment, the anticoagulant
cofactor vesicle comprises globotriaosylceramide, phos-
phatidylcholine and phosphatidylserine. Another embodi-
ment includes a vesicle comprising lactosylceramide, phos-
phatidylcholine and phosphatidylserine.

[0038] In yet another embodiment, the antithrombotic
vesicle comprises glucosylceramide, sphingomyelin and
cholesterol. Another embodiment of the vesicle comprises
globotriaosylceramide, sphingomyelin and cholesterol. In
yet another embodiment of the antithrombotic vesicle, the
vesicle comprises lactosylceramide, sphingomyelin and
cholesterol.

[0039] The ratios of each component in the vesicle may be
varied to achieve optimal antithrombotic activity. In an
embodiment of the multicomponent antithrombotic vesicle
the percentage of one or more neutral glycolipids in the
multicomponent vesicle may range from about 1% to about
99%, preferably about 1% to about 50%, more preferably
about 1% to about 25% weight/total weight of vesicle. In
another embodiment the percentage of neutral glycolipid in
the multicomponent vesicle is about 1% to about 10%,
phosphatidylcholine is in a range of about 80 to about 99%
and phosphatidylserine is in a range of about O to about 10%
(weight/weight). In one particular embodiment, the ratio of
glucosylceramide to phosphatidylcholine to phosphati-
dylserine ratios are 80%:10%:10% (weight/weight). Other
ratios may be used as well as various combinations of
neutral glycolipids and various combinations of lipids pro-
vided the vesicle has antithrombotic activity. The vesicles
may be made by methods known in the art such as those
described in U.S. Pat. Nos. 5,783,210; 5,540,936, and 5,429,
823, and the like.

[0040] One or more of the novel antithrombotic factors of
the present invention may be provided in the form of a
pharmaceutical composition along with a pharmaceutically
acceptable carrier or exipient. In one embodiment, the
pharmaceutical composition comprises one neutral glyco-
lypid or a combination of neutral glycolipids with a phar-
maceutically acceptable carrier. In another embodiment, the
pharmaceutical composition comprises a neutral glycolipid
selected from the group consisting of glucosylceramide,
globotriaosylceramide, galactosylceramide, lactosylceram-
ide, or combinations thereof and a pharmaceutically accept-
able carrier.

[0041] The antithrombotic factor may be provided in the
pharmaceutical composition in any concentration sufficient
to cause or enhance antithrombotic activity, in particular, to
cause or enhance the anticoagulant activity of activated
protein C and/or protein S. In one embodiment, the anti-
thrombotic factor is present in the pharmaceutical compo-
sition in a concentration of about 0.01 ug/ml to about 1
mg/ml, preferably about 0.05 ug/ml to about 50 ug/ml, more
preferably, about 0.05 ug/ml to about 25 ug/ml.

[0042] In another embodiment, the neutral glycolypid is
present in the pharmaceutical composition in an amount
sufficient to increase the circulating blood level of neutral
glycolypid in a subject, including a human subject, by at
least about 0.1 ug/ml to about 15 ug/ml, preferably about 0.5
ug/ml to about 10 ug/ml, more preferably about 1.0 ug/ml to
about 7 ug/ml.
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[0043] The present invention also provides nutritional
compositions or nutritional supplements comprising one or
more neutral glycolipids sufficient to increase the circulating
blood level by at least about 0.1 ug/ml to about 15 ug/ml,
preferably about 0.5 ug/ml to about 10 ug/ml, more prefer-
ably about 1.0 ug/ml to about 7 ug/ml. The neutral glycolipid
may be provided alone as a dietary supplement or may be
provided in combination with other active ingredients such
as conventional vitamin and/or mineral supplements. Food
sources may be supplemented with one or more neutral
glycolipids for proper maintenance or elevation of neutral
glycolipids in a subject. For parenteral nutrition, one or more
neutral glycolipids may be added to foodstufts including but
not limited to cereals, milk (liquid and powdered), milk-
derived products such as butter, cheese, yogurt, and the like,
infant formula, flour, grain and grain mixtures, such as
wheat, oats, rice, barley and the like, sugar, sugar substitutes,
eggs, egg supplements and the like. The nutritional supple-
ment may be in any form such as a capsule, tablet, powder,
gel, suspension and the like. The nutritional supplement is
provided in a dose of about 1 mg/day to about 500 mg/day
of neutral glycolipid, preferably about 2 mg/day to about 20
mg/day of neutral glycolipid to a subject.

[0044] The pharmaceutical composition may also com-
prise other active ingredients, such active ingredients
include but are not limited to anticoagulants, antithrombot-
ics, thrombolytic agents, antiplatelet drugs, anti-inflamma-
tory drugs, high density lipoprotein or portions thereof, and
combinations thereof.

[0045] In pharmaceutical compositions, thrombolytic
agents which may be used in combination with one or more
neutral glycolipids include but are not limited to tissue
plasminogen activator (tPA) or its analogs, urokinase or its
analogs, prourokinase or its analogs, streptokinase or its
analogs, an acylated form of plasminogen or plasmin or their
analogs, acylated streptokinase-plasminogen complex and
the like.

[0046] Anticoagulants which may be used in combination
with a neutral glycolipid include but are not limited to
plasma-derived protein C, recombinant protein C, or modi-
fied protein C; plasma-derived activated protein C, recom-
binant or modified activated protein C (APC), wherein
modified forms have appropriate biological properties; Pro-
tein S, recombinant Protein S, one or more of the chemically
synthesized domains of Protein S; example the GLLA domain
constructs containing the Gla domain, and one or more of
the four EGF-like domains linked to the Gla-TSR domains;
tissue factor pathway inhibitor (TFPI), antithrombin III
(ATIID); warfarin; heparin; glycosaminoglycan; soluble
thrombomodulin; soluble endothelial protein C receptor and
the like.

[0047] Antiplatelet agents which may be used in combi-
nation with a neutral glycolipid include but are not limited
to aspirin, dipyridamole, clopidogrel, abciximab (Reopro™)
or any inhibitor of platelet glycoprotein IIb-Illa or any
inhibitor of ADP receptors.

[0048] Anti-inflammatory agents which may be us d in
combination with a neutral glycolipid antithrombotic of the
present invention include but are not limited to Aminoaryl-
carboxylic Acid Deriviatives such as Etofenamate, Meclofe-
namic Acid, Mefanamic Acid, Niflumic Acid, Arylacetic
Acid Derivatives such as Acemetacin, Amfenac, Cinmeta-
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cin, Clopirac, Diclofenac, Fenclofenac, Fenclorac, Fen-
clozic Acid, Fentiazac, Glucametacin, Isoxepac, Lonaolac,
Metiazinic Acid, Oxametacine, Proglumetacin, Sulindac,
Tiaramide, Tolmetin, Arylbutyric Acid Derivatives such as,
Butibufen, Fenbufen, Arylcarboxylic Acids such as Clid-
anac, Ketorolac, Tinoridine, Arylpropionic Acid Derivatives
such as Bucloxic Acid, Carprofen, Fenoprotein, Flunoxapro-
tein, Ibuprofen, Ibuproxam, Oxaprozin, Piketoprofen, Pir-
profen, Pranoprofen, Protizinic Acid, Tiaprofenic Acid,
Pyrazoles such as Mepirizole, Pyrazolones such as Clof-
ezone, Feprazone, Mofebutazone, Oxyphenbutazone, Phe-
nylbutazone, Phenyl Pyrazolidininones, Suxibuzone, Thia-
zolinobutazone, salicylic Acid Derivatives such as
Bromosaligenin, Fendosal, Glycol Salicylate, Mesalamine,
1-Naphthyl Salicylate, Olsalazine, Sulfasalazine, Thiazi-
nine-caroboxamides such as Droxicam, Isoxicam, Piroxi-
cam, epsilon-Acetamidocaproic Acid, S-Adenosylmethion-
ine, 3-Amino-4-hydroxybutyric =~ Acid, = Amixetrine,
Bendazac, Bucolome, Carbazones, Difenpiramide, Ditazol,
Guaiazulene, Ileterocylic Aminoalkyl Esters of Mycophe-
nolic Acid and derivatives, Nabumetone, Nimesulide,
Orgotein, Oxaprol, Oxazole Derivatives, Paranyline,
Pifoxime, 2-substituted-4,6-di-tertiary-butyl-S-hydroxyl-1,
3-pyrimidines, Proquazone, Sialyl Lewis.sup.x Dimers, or
Tenidap and the like. Additional therapeutic agents include
any COX-2 inhibitor, any selective estrogen-receptor modi-
fier (SERM) such as raloxifene, and any inhibitor of HMG-
CoA reductase. Additional therapeutic agents which can be
administered include steroids for example, glucocorticoids
such as predisone, methyl prednisolone, dexamethasome
and the like.

[0049] High Density Lipoprotein (HDL) and portions
thereof can be used in combination with one or more
antithrombotic neutral glycolipids include but are not lim-
ited to apolipoprotein A-I, apolipoprotein A-II, apolipopro-
tein B48, apolipoprotein B100, apolipoprotein C-I, apolipo-
protein C-II, apolipoprotein C-III, apolipoprotein D,
apolipoprotein E, apolipoprotein H, apolipoprotein J, apo-
lipoprotein M, and combinations thereof, and the like.

[0050] In regard to the use of neutral glycolipids in
combination with APC, APC is a very species specific
moiety., The dosage for human or recombinant human APC
in a human is much lower than the appropriate dosage in a
mouse, for example. The normal baseline level of APC in a
human is typically about 2.2 ng/ml of blood. In practice of
the invention methods, it is necessary to administer sufficient
APC to raise the blood level slightly above the baseline
level, but not so much as to risk causing undesirable
bleeding. A therapeutically effective amount of human APC
is typically administered to a human at a dosage sufficient to
raise the blood level of APC by from about 1.0 ng/ml to
about 500 ng/ml, preferably, from about 5 ng/ml to about
200 ng/ml.

[0051] The APC is preferably administered parenterally to
ensure its delivery into the bloodstream in an effective form
by injecting the appropriate dose as continuous infusion for
about 4 to about 96 hours prior to, concurrently with or after
administration of neutral glycolipids. Preferably, the appro-
priate dose of APC will be administered by continuous
infusion for about 4 to about 72 hours. More preferably, the
appropriate dose of APC will be administered by continuous
infusion for about 4 to about 48 hours. More preferably, the
appropriate dose of APC will b administered by continuous
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infusion for about 12 to about 48 hours. More preferably, the
appropriate dose of APC will be administered by continuous
infusion for about 4 to about 36 hours. More preferably, the
appropriate dose of APC will be administered by continuous
infusion for about 12 to about 24 hours. Most preferably, the
appropriate dose of APC will be administered by continuous
infusion for about 24 hours. The administration of APC will
begin as soon as possible following diagnosis of the vascular
occlusive or arterial thromboembolic disorder. An appropri-
ate loading dose of APC may be given by bolus injection
with or without subsequent APC infusion.

[0052] The amount of APC administered can be from
about 0.01 mg/kg/hr to about 0.10 mg/kg/hr which is equiva-
lent to about 17 mg/70 kg/24 hours to about 170 mg/70
kg/24 hours. While the dose level is identified as a specific
amount per 24 hours, one skilled in the art would recognize
that this is a designation of the dose level and is not
necessarily limited to a 24 hour infusion but may include
continuous infusion for various times, for example, from
about four hours to about ninety-six hours. More preferably,
the amount of APC administered is about 0.01 mg/kg/hr to
about 0.05 mg/kg/hr (about 17 mg/70 kg/24 hours to about
84 mg/70 kg/24 hours). While more preferably the amount
of APC administered will be about 0.01 mg/kg/hr to about
0.03 mg/kg/hr (about 17 mg/70 kg/24 hours to about 50
mg/70 kg/24 hours). Furthermore, the amount of APC
administered is from about 0.02 mg/kg/hr to about 0.05
mg/kg/hr which is equivalent to about 34 mg/70 kg/24 hours
to about 84 mg/70 kg/24 hours. More preferably, the amount
of APC administered is about 0.024 mg/kg/hr to about 0.048
mg/kg/hr (about 40 mg/70 kg/24 hours to about 80 mg/70
kg/24 hours). While more preferably the amount of APC
administered will be about 0.027 mg/kg/hr to about 0.045
mg/kg/hr (about 45 mg/70 kg/24 hours to about 75 mg/70
kg/24 hours). While more preferably the amount of APC
administered will be about 0.030 mg/kg/hr to about 0.042
mg/kg/hr (about 50 mg/70 kg/24 hours to about 70 mg/70
kg/24 hours). While more preferably the amount of APC
administered will be about 0.033 mg/kg/hr to about 0.039
mg/kg/hr (about 55 mg/70 kg/24 hours to about 65 mg/70
kg/24 hours). Preferable amounts of APC administered are
about 0.024 mg/kg/hr (about 40 mg/70 kg/24 hours), about
0.027 mg/kg/hr (about 45 mg/70 kg/24 hours) or, about
0.030 mg/kg/hr to about 0.042 mg/kg/hr (about 50 mg/70
kg/24 hours). Clearly, the amount of APC can be reduced
when administered with a co-factor such as Protein S.

[0053] Alternatively, the APC will be administered by
injecting a portion of the appropriate dose per hour as a
bolus injection over a time from about 5 minutes to about
120 minutes, followed by continuous infusion of the appro-
priate dose for about twenty three hours to about 96 hours
which results in the appropriate dose administred over 24
hours to 96 hours.

[0054] The most preferably dose level of APC to be
administered for thrombotic occlusion (e.g. stroke) as
described herein will be about 0.024 mg/kg/hr (U.S. Pat. No.
5,084,274).

[0055] The protein S may be provided in a concentration
range to achieve an increase in the circulating blood level of
protein S in a subject by about 0.1 to about 20 ug/ml,
preferably about 1 to about 10 ug/ml, more preferably about
2 to about 5 ug/ml.
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[0056] The antithrombotic vesicles may also be provided
in the form of a pharmaceutical composition along with a
pharmaceutically acceptable carrier.

[0057] The pharmaceutical compositions utilized in this
invention may be administered by any number of routes
including, but not limited to, oral, intravenous, intramuscu-
lar, intraarterial, intramedullary, intrathecal, intraventricular,
transdermal, subcutaneous, intraperitoneal, intranasal,
enteral, topical, sublingual, vaginal or rectal means.

[0058] In addition to the active ingredients, the pharma-
ceutical compositions may contain suitable pharmaceuti-
cally acceptable carriers comprising excipients and auxilia-
ries which facilitate processing of the active compounds into
preparations which can be used pharmaceutically. Further
details on techniques for formulation and administration
may be found in the latest edition of Remington’s Pharma-
ceutical Sciences (Maack Publishing Co., Easton, Pa.).

[0059] Pharmaceutical compositions for oral administra-
tion can be formulated using pharmaceutically acceptable
carriers well known in the art in dosages suitable for oral
administration. Such carriers enable the pharmaceutical
compositions to be formulated as tablets, pills, dragees,
capsules, liquids, gels, syrups, slurries, suspensions, and the
like, for ingestion by the patient.

[0060] Pharmaceutical preparations for oral use can be
obtained through combination of active compounds with
solid excipient, optionally grinding a resulting mixture, and
processing the mixture of granules, after adding suitable
auxiliaries, if desired, to obtain tablets or dragee cores.
Suitable excipients are carbohydrate or protein fillers, such
as sugars, including lactose, sucrose, mannitol, or sorbitol;
starch from corn, wheat, rice, potato, or other plants; cellu-
lose, such as methyl cellulose, hydroxypropylmethylcellu-
lose, or sodium carboxymethylcellulose; gums including
arabic and tragacanth, and proteins such as gelatin and
collagen. If desired, disintegrating or solubilizing agents
may be added, such as the cross-linked polyvinylpyrroli-
done, agar, alginic acid, or a salt thereof, such as sodium
alginate.

[0061] Dragee cores may be used in conjunction with
suitable coatings, such as concentrated sugar solutions,
which may also contain gum arabic, talc, polyvinylpyrroli-
done, carbopol gel, polyethylene glycol, and/or titanium
dioxide, lacquer solutions, and suitable organic solvents or
solvent mixtures. Dyestuffs or pigments may be added to the
tablets or dragee coatings for product identification or to
characterize the quantity of active compound, i.e., dosage.

[0062] Pharmaceutical preparations which can be used
orally include push-fit capsules made of gelatin, as well as
soft, scaled capsules made of gelatin and a coating, such as
glycerol or sorbitol. Push-fit capsules can contain active
ingredients mixed with a filler or binders, such as lactose or
starches, lubricants, such as talc or magnesium stearate, and,
optionally, stabilizers. In soft capsules, the active com-
pounds may be dissolved or suspended in suitable liquids,
such as fatty oils, liquid, or liquid polyethylene glycol with
or without stabilizers.

[0063] Pharmaceutical  formulations  suitable  for
parenteral administration may be formulated in aqueous
solutions, preferably in physiologically compatible buffers
such as Hanks’ solution, Ringer’s solution, or physiologi-
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cally buffered saline. Aqueous injection suspensions may
contain substances which increase the viscosity of the sus-
pension, such as sodium carboxymethyl cellulose, sorbitol,
or dextran. Additionally, suspensions of the active com-
pounds may be prepared as appropriate oily injection sus-
pensions. Suitable lipophilic solvents or vehicles include
fatty oils such as sesame oil, or synthetic fatty acid esters,
such as ethyloleate or triglycerides, or liposomes. Option-
ally, the suspension may also contain suitable stabilizers or
agents which increase the solubility of the compounds to
allow for the preparation of highly concentrated solutions.

[0064] For topical or nasal administration, penetrants
appropriate to the particular barrier to be permeated are used
in the formulation. Such penetrants are generally known in
the art.

[0065] The pharmaceutical compositions of the present
invention may be manufactured in a manner that is known
in the art, ¢.g., by means of conventional mixing, dissolving,
granulating, dragee-making, levigating, emulsifying, encap-
sulating, entrapping, or lyophilizing processes.

[0066] The pharmaceutical composition may be provided
as a salt and can be formed with many acids, including but
not limited to, hydrochloric, sulfuric, acetic, lactic, tartaric,
malic, succinic, etc. Salts tend to be more soluble in aqueous
or other protonic solvents than are the corresponding free
base forms. In other cases, the preferred preparation may be
a lyophilized powder which may contain any or all of the
following: 1-50 mM histidine, 0.1%-2% sucrose, and 2-7%
mannitol, at a pH range of 4.5 to 5.5, that is combined with
buffer prior to use.

[0067] After pharmaceutical compositions have been pre-
pared, they can be placed in an appropriate container and
labeled for treatment of an indicated condition. For admin-
istration of a anticoagulant cofactor, such labeling would
include amount, frequency, and method of administration.

[0068] Pharmaceutical compositions suitable for use in the
invention include compositions wherein the active ingredi-
ents are contained in an effective amount to achieve the
intended purpose. The determination of an effective dose is
well within the capability of those skilled in the art.

[0069] For any compound, a therapeutically effective dose
can be estimated initially by determination of the ability of
the dose to enhance APC anti-coagulant activity An animal
model may also be used to determine the appropriate con-
centration range and route of administration. Such informa-
tion can then be used as a guide or reference for determining
useful doses and routes for administration in humans bearing
in mind that some anti-coagulant factors such as APC, have
been found to be species specific in which optimal doses of
APC in humans were lower than those in animals. (U.S. Pat.
No. 6,008,199). In clotting assays, Romisch et al (Fibrin-
olysis 1991, 5:191-6) showed that human APC was 20 fold
less active in rat plasma than in human plasma as an
anticoagulant.

[0070] The exact dosage will be determined by the prac-
titioner, in light of factors related to the subject that requires
treatment. Dosage and administration are adjusted to pro-
vide sufficient levels of the active moiety or to maintain the
desired effect. Factors which may be taken into account
include the severity of the disease state, general health of the
subject age, weight, and gender of the subject, diet, time and
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frequency of administration, drug combination(s), reaction
sensitivities, and tolerance/response to therapy. Long-acting
pharmaceutical compositions may be administered every 3
to 4 days, every week, or once every two weeks depending
on half-life and clearance rate of the particular formulation.

[0071] Normal dosage amounts may vary from 300 micro-
gram, up to a total dose of about 300 mg, depending upon
the route of administration and the specific neutral gly-
colipid administered. Guidance as to particular dosages and
methods of delivery is provided in the literature and gener-
ally available to practitioners in the art. In one embodiment,
dosages of the antithromobitic cofactor from about 300 ug to
about 45 mg, and preferably from about 2 mg to about 20 mg
are expected to induce a biological effect. These doses are
based on a 70 kg subject. The dosage is an amount sufficient
to give an increase in circulating neutral glycolipid concen-
tration of about 0.01 ug/ml to about 15 ug/ml.

[0072] The present invention provides a method for deter-
mining a neutral glycolipid level or concentration in a
biological specimen such as biological fluid, cell or tissue
extract comprising isolation of the neutral glycolipid from
the biological fluid and measuring the level or concentration
of the neutral glycolipid. Quantitation of the concentration
of neutral glycolipid is determined in comparison with
reference neutral glycolipid standards. The biological fluid
includes plasma, serum, lung fluid, saliva, cerebrospinal
fluid, lymph, urine, semen, saliva and the like.

[0073] In another embodiment, the present invention pro-
vides a method for determining a neutral glycolipid concen-
tration in a biological fluid comprising extraction of gly-
colipids from the biological fluid to form a glycolipid
extract, isolation of a specific neutral glycolipid such as
glucosylceramide, globotriaosylceramide, lactosylceramide,
galactosylceramide and the like from the glycolipid extract
followed by determination of the level or concentration of
neutral glycolipid by comparison to reference neutral gly-
colipid standards.

[0074] The glycolipids may be extracted from the biologi-
cal fluid by using methods known in the art employing
organic solvents such as chloroform and methanol, or other
solvent combinations known to those skilled in the art.

[0075] Isolation of the neutral glycolipids such as gluco-
sylceramide,  globotriaosylceramide, lactosylceramide,
galactosylceramide and the like may be accomplished using
high performance liquid chromatography (HPLC), thin layer
chromatography (TLC), affinity chromatography using
reagents such as verotoxin or shigatoxin and the like,
immunoaffinity chromatography and the like. Detection and
quantitation may be accomplished by evaporative light
scatter detection, mass spectroscopy, or other analytical
methods known to those in the art.

[0076] In one embodiment, isolation of glucosylceramide
is accomplished using a silica-containing column for HPL.C
such as uPorosil HPLC. The silica bead may have a particle
size of about 10 microns and a pore size of about 125
Angstroms.

[0077] Antibodies against anticoagulant cofactor glycolip-
ids are useful in the present invention in immunoaffinity
chromatography for isolation of anticoagulant cofactor gly-
colipids and in assays for detection of anticoagulant cofactor
glycolipids, for diagnosis of conditions or diseases charac-
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terized by altered expression of anticoagulant cofactor gly-
colipids, and in assays to monitor the efficacy of treatment
of patients being treated with a anticoagulant cofactor gly-
colipid.

[0078] Antibodies specific for an anticoagulant cofactor
glycolipid may be generated using methods that are well
known in the art. Such antibodies may include, but are not
limited to, polyclonal, monoclonal, chimeric, single chain,
Fab fragments, and fragments produced by a Fab expression
library. Neutralizing antibodies, (i.c., those which inhibit
dimer formation) are especially preferred for therapeutic
use.

[0079] For the production of antibodies, various hosts
including goats, rabbits, rats, mice, humans, and others, may
be immunized by injection with a glycolipid which has
immunogenic properties. Depending on the host species,
various adjuvants may be used to increase immunological
response. Such adjuvants include, but are not limited to, Ribi
adjuvant R700 (Ribi, Hamilton, Montana), incomplete Fre-
und’s adjuvant, mineral gels such as aluminum hydroxide,
and surface active substances such as lysolecithin, pluronic
polyols, polyanions, peptides, oil emulsions, keyhole limpet
hemocyanin (KLH), and dinitrophenol. Among adjuvants
used in humans, BCG (bacillus Calmette Guérin) and
Corynebacterium parvum are especially preferable.

[0080] An anticoagulant cofactor glycolipid may be
coupled with a carrier protein such as keyhole limpet
hemocyanin (KLH), bovine serum albumin (BSA) and the
like to boost an immune response to the anticoagulant
cofactor glycolipid to generate anti-glycolipid antibody.

[0081] Monoclonal antibodies to a anticoagulant cofactor
glycolipid may be prepared using any technique which
provides for the production of antibody molecules by con-
tinuous cell lines in culture. These include, but are not
limited to, the hybridoma technique, the human B-cell
hybridoma technique, and the EBV-hybridoma technique
(Kohler, G. et al. (1975) Nature 256:495-497; Kozbor, D. et
al. (1985) J. Immunol. Methods 81:31-42, Cote, R. J. et al.
(1983) Proc. Natl. Acad. Sci. 80:2026-2030; Cole, S. P. et al.
(1984) Mol. Cell Biol. 62:109-120).

[0082] In addition, techniques developed for the produc-
tion of “chimeric antibodies,” the splicing of mouse anti-
body genes to human antibody genes to obtain a molecule
with appropriate antigen specificity and biological activity
can be used (Morrison, S. L. et al. (1984) Proc. Natl. Acad.
Sci. 81:6851-6855; Neuberger, M. S. et al. (1984) Nature
312:604-608; Takeda, S. et al. (1985) Nature 314:452-454).
Alternatively, techniques described for the production of
single chain antibodies may be adapted, using methods
known in the art, to produce an anticoagulant cofactor
glycolipid specific single chain antibodies. Antibodies with
related specificity, but of distinct idiotypic composition, may
be generated by chain shuffling from random combinatorial
immunoglobulin libraries (Burton D. R. (1991) Proc. Natl.
Acad. Sci. 88:11120-3).

[0083] Antibodies may also be produced by inducing in
vivo production in the lymphocyte population or by screen-
ing recombinant immunoglobulin libraries or panels of
highly specific binding reagents as disclosed in the literature
(Orlandi, R. et al. (1989) Proc. Natl. Acad. Sci. 86:3833-
3837; Winter, G. et al. (1991) Narure 349:293-299).
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[0084] Antibody fragments which contain specific binding
sites for a glycolipid may also be generated. For example,
such fragments include, but are not limited to, the F(ab"),
fragments which can be produced by pepsin digestion of the
antibody molecule and the Fab fragments which can be
generated by reducing the disulfide bridges of the F(ab"),
fragments. Alternatively, Fab expression libraries may be
constructed to allow rapid and easy identification of mono-
clonal Fab fragments with the desired specificity (Huse, W.
D. et al. (1989) Science 254.1275-1281).

[0085] Various immunoassays may be used for screening
to identify antibodies having the desired specificity. Numer-
ous protocols for competitive binding or immunoradiomet-
ric assays using either polyclonal or monoclonal antibodies
with established specificities are well known in the art. Such
immunoassays typically involve the measurement of com-
plex formation between a glycolipid and its specific anti-
body. A two-site, monoclonal-based immunoassay utilizing
monoclonal antibodies reactive to two non-interfering gly-
colipid epitopes is preferred, but a competitive binding assay
may also be employed (Maddox, supra).

[0086] Antibody against a glycolipid may be used in
immunoaffinity chromatography to isolate the glycolipid
from a biological sample, such as plasma. In an immunoaf-
finity chromatographic procedure, the column material is
synthesized by covalently coupling the antibody to an
insoluble matrix. The matrix material, alone, should be a
substance that itself does not absorb molecules to any
significant extent and that has a broad range of chemical,
physical and thermal stability. The antibody coupled column
material is able to specifically absorb the glycolipid from a
solution. Elution occurs by changing the conditions to those
in which binding will not occur (alter pH, ionic strength,
temperature, and the like.)

[0087] A variety of protocols including ELISA, RIA, and
FACS for measuring an antigenic substance are known in the
art and provide a basis for detection and/or diagnosing
altered or abnormal levels of an anticoagulant cofactor
glycolipid. Normal or standard values for glycolipid expres-
sion are established by combining body fluids or cell
extracts taken from normal mammalian subjects, preferably
human, with antibody to the glycolipid under conditions
suitable for complex formation. The amount of standard
complex formation may be quantified by various methods,
but preferably by photometric means. Quantities of the
glycolipid expressed in subject samples, control samples and
test samples from biopsied tissues are compared with the
standard values. Deviation between standard and subject
values establishes the parameters for diagnosing a neutral
glycolipid deficiency, for determining an individual at risk of
thrombosis and for monitoring therapeutic treatment.

[0088] The above methods are useful in determining vari-
ous neutral glycolipid deficiencies such as a glucosylcera-
mide deficiency in an individual, useful in identifying indi-
viduals in need of neutral glycolipid therapy, and useful in
monitoring the efficacy of such therapy.

[0089] The present invention provides a method of deter-
mining individuals at risk for thrombosis which comprises
measuring levels of a neutral glycolipid, in particular, glu-
cosylceramide, in test biological specimen, in particular in
plasma or serum, obtained from an individual and compar-
ing the level of the neutral glycolipid such as glucosylcera-
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mide to a mean normal range of neutral glycolipid in the
normal biological specimen such as plasma or serum. An
individual having a lower than normal level or deficiency in
glucosylceramide is indicative of a risk factor for thrombosis
in the individual.

[0090] In one embodiment, a normal range of plasma
glucosylceramide is about 4.6 to about 9.7 ug/ml.

[0091] In another embodiment, normal mean level of
plasma glucosylceramide is about 6.0 ug/ml to 7.0 ug/ml.

[0092] In another embodiment, a level of glucosylceram-
ide below the 15" percentile of the normal range is consid-
ered a below-normal range, preferably a level of glucosyl-
ceramide below the 10™ percentile of the mean normal range
is considered a below-normal level of glucosylceramide.

[0093] Below the 15" percentile of the normal mean range
of glucosylceramide considered to constitute a glucosylce-
ramide deficiency represents a plasma concentration of
glucosylceramide of about 4.6 ug/ml or less. Below the 10
percentile of the normal mean range of glucosylceramide
considered to constitute a glucosylceramide deficiency rep-
resents a plasma concentration of glucosylceramide of about
4.2 ug/ml or less.

[0094] A low or below-normal level glucosylceramide in
a biological specimen, in particular, in plasma is a risk factor
for an individual to have thrombosis. The type of thrombosis
includes venous thrombosis such as occurs in stroke, sur-
gery, trauma, cancer, leg paresis, prolonged travel, oral
contraceptive use, estradiol use, hormone replacement
therapy, during or following pregnancy, inflammatory bowel
disease, Bechet’s disease, bone fracture, hyperlipidemia,
chemotherapy use, diabetes, or in subjects carrying a genetic
risk factor for thrombophilia such as a protein S deficiency
and the like. Such individuals will benefit from therapy
using the antithrombotic neutral glycolipid of the present
invention to enhance APC:Protein S anticoagulant activity
for prevention or inhibition thrombosis.

[0095] Therapy using the antithrombotic neutral gly-
colipid of the present invention is useful for vascular dis-
orders involving arterial or venous thrombosis including but
not limited to:

[0096] 1. Acute arterial thrombotic occlusion includ-
ing coronary, cerebral or peripheral arteries, includ-
ing myocardial infarction, reperfusion injury and
stroke,

[0097] 2. Acute thrombotic occluson or restenosis
after angioplasty,

[0098] 3. Reocclusion or restenosis after throm-
bolytic therapy, ischemic tissue when used within
hours of acute heart attack or stroke by re-establish-
ing blood flow in the occluded artery,

[0099] 4. Small and large caliber vascular graft
occlusion. Vascular grafts of small caliber, i.ec.,
3-/mm diameter, have a high frequency of throm-
botic occlusion,

[0100] 5. Hemodialysis. The prosthetic surfaces and
flow design of all hemodialyzers are thrombogenic.
Currently heparin is infused during dialysis. How-
ever, heparin is only partially effective, thereby lim-
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iting the reuse of dialyzers. Also, heparin has a
number of troublesome side effects and complica-
tions,

[0101] 6. Cardiopulmonary bypass surgery to prevent
thrombus formation in the oxygenator and pump
apparatus,

[0102] 7. Left ventricular cardiac assist device. This
prosthetic pump is highly thrombogenic and results
in life threatening thromboembolic events—compli-
cations that are only partially reduced by convential
anticoagulants (heparin or coumarin drugs).

[0103] 8. Total artificial heart and left ventricular
assist devices.

[0104] 9. Other arterial thrombosis. Neutral glycolip-
ids are useful for arterial thrombosis or thromboem-
bolism where current therapeutic measures are either
contraindicated or not effective. For example, neutral
glycolipids are useful for the treatment of acute
pre-or postcapillary occlusion, including transplan-
tations, retina thrombosis, disseminated intravascu-
lar coagulation, arteritis of any cause, or micro-
thrombotic necrosis of any organ complicating
infections, such as sepsis, tumors or coumarin treat-
ment.

[0105] Neutral glycolipid therapy may reduce the doses of
t-PA or other thrombolytic agents required for therapeutic
treatment of thrombosis, thereby avoiding the complications
of high doses of thrombolytic agents.

[0106] The neutral glycolipids of the present invention are
also useful in preventing, inhibiting or reducing inflamma-
tion in a subject having or at risk of having inflammatory
vascular disease. The method includes administering to the
subject, an anti-inflammatory effective amount of neutral
glycolipid, for example, in a pharmaceutically acceptable
carrier, thereby reducing inflammation in the subject.

[0107] The present invention is useful for treating many
clinical conditions involving inflammatory processes. For
example, inflammatory bowel diseases including Crohn’s
disease and ulcerative colitis are spontaneous chronic
inflammations of the gastroint stinal tract which involve
activation of inflammatory cells whose products cause tissue
injury Neutrophils, eosinophils, mast cells, lymphocytes and
macrophages contribute to the inflammatory response.

[0108] The present invention is also directed to treatment
of systemic shock and many resultant clinical conditions
associated therewith. Systemic shock often occurs as a
complication of severe blood loss, severe localized bacterial
infection and ischemia/reperfusion trauma and it is a major
cause of death in intensive care units. Most cases of septic
shock are induced by endotoxins (i.e. bacterial cell wall
lipopolysaccharides or LPS) from gram negative bacilli or
toxins (i.e. toxic shock toxin 1) from gram positive cocci
bacteria. The release of LPS in the bloodstream causes
release of inflammatory mediators (inflammatory cytokines,
platelet activating factor, complement, leukotrienes, oxygen
metabolites, and the like) which cause myocardial dysfunc-
tion, vasodilation, hypotension, endothelial injury, leukocyte
adhesion and aggregation, disseminated intravascular
coagulation, adult respiratory distress syndrome (ARDS),
liver, kidney and central nervous system (CNS) failure.
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Shock due to blood loss also involves inflammatory media-
tor release. In each case, inflammatory responses are
induced at the original site of trauma, and also in the
vasculature and remote vascularized sites.

[0109] Myocardial ischemia is associated with activation
of the complement system which further promotes cardiac
injury with the enhancement of a series of inflammatory
events. Life threatening local and remote tissue damage
occurs during surgery, trauma and stroke when major vas-
cular beds are deprived for a time of oxygenation (ischemia),
then restored with normal circulation (reperfusion). Reper-
fusion injury is characterized by vascular premeability lead-
ing to edema and infiltration of inflammatory cells. Neutro-
phils contribute significantly in reperfusion damage by
generating oxidants or releasing proteases that damage the
microvasculature or adjacent tissue. Cell death and tissue
damage due to complement and inflammatory cell mecha-
nisms lead to organ failure or decreased organ function. The
activation of mediators by a local injury can also cause a
remote injury to highly vascularized organs. The composi-
tions and methodologies of the present invention are useful
in the treatment of ischemia and reperfusion injury.

[0110] Inflammatory response damage also occurs in
glomerulonephritis as well as tubule disease. Infiltration of
inflammatory cells (especially macrophages) is linked to
proteinuria accompanied histologically by hypercellularity
and crescent formation in glomeruli. Over a longer term, the
infiltraton of inflammatory cells is associated with accumu-
lation of extracellular matrix and sclerosis and chronic
compromise of renal function. The present invention is also
efficacious in treating glomerulonephritis and tubule disease.

[0111] There are many other diseases and injury condi-
tions which benefit from the methodologies of the present
invention such as for example, coronary arterial occluson,
cardiac arrhythmias, congestive heart failure, cardiomyopa-
thy, bronchitis, acute allergic reactions and hypersensitivity,
neurotrauma, graft/transplant rejection, myocarditis, insulin
dependent diabetes, Alzheimer’s disease and stroke. Stroke
involves a very strong inflammatory response, that in part
may be responsible for neuronal damage directly by allow-
ing leukocytes to enter the brain and destroy normal brain
cells and neurons, and indirectly by obstructing microves-
sels and stopping blood flow. This requires adhesion mol-
ecules and cytokines that may be direct or indirect targets of
neutral glycolipids that may be independent of its antico-
agulant effects.

[0112] In addition to treating patients suffering from the
trauma resulting from heart attack, patients suffering from
actual physical trauma could be treated with neutral gly-
colipids to relieve the amount of inflammation and swelling
which normally result after an area of the body is subjected
to severe trauma. Also, patients suffering from hemorrhagic
shock could be treated to alleviate inflammation associated
with restoring blood flow. Other disease states which might
be treatable using formulations of the invention include
various types of arthritis, various chronic inflammatory
conditions of the skin, insulin-dependent diabetes, and adult
respiratory distress syndrome. After reading the present
disclosure, those skilled in the art will recognize other
disease states and/or symptoms which might be treated
and/or mitigated by the administration of neutral glycolipids
formulations of the present invention.
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[0113] The present invention provides methods for screen-
ing candidate neutral glycolipids or mimetics for those
useful in the prevention or treatment of a neutral glycolipid
deficiency in an individual and for prevention, inhibition or
treatment of thrombosis and inflammation. Any of the stan-
dard coagulation or clotting assays may be used to screen for
antithrombotic factors from among candidate neutral gly-
colipids. Such assays include but are not limited to pro-
thrombin clotting assays, Factor Va inactivation assays and
the like. A generalized assay is disclosed in U.S. Pat. No.
5,443,960, incorporated herein by reference.

[0114] In one embodiment, A method of screening for
antithrombotic factors from candidate neutral glycolipids
comprising:

[0115] (i) incubating the candidate neutral glycolipid
with a plasma sample with:

[0116] (1) exogenous activated protein C, exog-
enous protein C and an exogenous reagent that
transforms exogenous protein C to activated pro-
tein C, or an exogenous reagent that transforms
endogenous protein C to activated protein C;

[0117] (2) an exogenous reagent (I) which at least
partially activates a coagulation factor of the blood
coagulation system of said plasma sample; and
optionally;

[0118] (3) an exogenous substrate for an enzyme
wherein the activity of said enzyme is influenced
by neutral glycolipid, to prepare a final assay
medium;

[0119] (ii) measuring a substrate conversion rate for
a coagulation factor directly or indirectly activated in
step (i), the activity of which is influenced by neutral
glycolipid; and

[0120] (iii) comparing said substrate conversion rate
measure in step (ii) with a standard value obtained
from plasma in the absence of said neutral glycolipid
wherein when said substrate conversion rate
obtained for said neutral glycolipid in step (ii) is
lower than the standard value, said candidate neutral
glycolipid is an antithrombotic factor.

[0121] The incubation according to (i:a) serves to intro-
duce an activated coagulation factor that can be used for the
measurement in step (ii). The expression “partially” means
that the addition of Reagent (I) leads to the presence of at
least Factor IX,. Reagent (I) may be a certain coagulation
factor or a reagent that activates the system via the intrinsic
or extrinsic pathway. Accordingly Reagent (I) may be Factor
IX, or Factor XI, (intrinsic pathway), Factor XII, (intrinsic
pathway), kallikrein (intrinsic pathway) a contact activator
(intrinsic pathway) such as kaolin, celite or ellagic acid
(intrinsic pathway), an APTT reagent (Activated Partial
Thromboplastin Time; i.e. a reagent containing a phospho-
lipid and a contact activator (intrinsic pathway), tissue
thromboplastin (PT-reagent, PT-Prothrombin time, (extrin-
sic pathway)). In cases here a poor specificity is acceptable
Reagent (I) may also be Factor X,.

[0122] Protein C (i:b) may be of various species origin. In
case the protein C and the sample are of different species
origin it is highly recommended to include protein S (cofac-
tor to activated protein C) in the incubation mixture. Protein
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C and protein S should be of the same species origin, for
instance bovine protein C requires bovine protein S. Protein
C is preferably activated prior to being added, although
activation may also be accomplished after it has been added
to the sample. Activation shall take place under standardised
and definied conditions. Recombinantly produced biologi-
cally functional forms of protein C and S can also be used.

[0123] The components used according to step i:c depend
on the mode employed and may necessitate the inclusion of
plasma protease inhibitors for enzymes other than the moni-
tored one or of a fibrin polymerization inhibitor. Ca** may
be in the form of a plasma soluble salt that provides the Ca**
ion in free uncomplexed form, i.e. strong Ca®* chelators
should be avoided. In the final assay medium the concen-
tration of Ca®* may be selected within 0.5-50 mM, prefer-
ably within 5-15 mM, such as 6-7 mM. Too high a concen-
tration may inhibit the coagulation system.

[0124] The substrate according to (i:d) is normally a
synthetic substrate for an enzyme which activity is influ-
enced by activated protein C, e.g. thrombin (=Factor II,) and
Factor X,. Suitable synthetic substrates are water soluble
and have preferably oligopeptide structure with three, four
or five amino acid residues and an amino terminal that is
protected from being attacked by amino peptidases. The
protection is accomplished either by a protecting group or by
having a D-amino acid in the amino terminal. In order to
give a detectable response the carboxy terminal of a syn-
thetic substrate is amidated with a group that specifically can
be released and detected upon action of the relevant blood
coagulation protease. The group to be released is selected
among chromogenic, fluorogenic or chemiluminogenic
groups and other analytically detectable groups. See further
H. C. Hemker, “Handbook of synthetic substrates for the
coagulation and fibrinolytic system”, Martinus Nijhoff Pub-
lishers, 1983, and J. Fareed et al, “Synthetic peptide sub-
strates in hemostatic testing” in CRC Critical Reviews in
Clinical Laboratory Sciences, Vol. 19, Issue 2,
71-134(1983). In case of samples other than plasma samples
exogenous fibrinogen may be added as substrate.

[0125] The order of addition and the incubation vary with
the mode of the invention. For instance in case Reagent (I)
is an APTT reagent (i:a) and the substrate conversion to be
monitored is fibrinogen to fibrin, reagent (I) is added to the
sample and allowed to maximally activate Factor XI to
Factor XI,. Then Ca** (i:c) is added and the time for clotting
measured. Activated protein C according to step (i:b) is
introduced either simultaneously with, prior to or after the
activaton to Factor XI,. A PT-assay is performed similarly
with additional of tissue thromboplastin (instead of the
APTT reagent) to the sample in an amount sufficient for
activaton of Factor X to Factor X, or Factor IX to Factor IX,.
Thereafter activated protein C (i:b) is added and finally the
clotting time is measured as in any APTT assay. In case a
synthetic substrate is used it can be added at any stage before
or at the start of the monitoring reaction. In order to run the
monitoring reaction with high specificity, the above-men-
tioned inhibitors may be introduced at any suitable stage into
the reaction medium. For instance it may be appropriate to
add a thrombin inhibitor together with a substrate for Factor
X,, when Factor X, activity is measured. The same inhibitor
added prior to addition of the substrate may, however,
adversely affect the formation of Factor X,.
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[0126] In another embodiment, a method of screening for
antithrombotic factors from among candidate neutral gly-
colipids comprising: A) adding vesicles containing a candi-
date neutral glycolipid to plasma in the presence of fibrino-
gen, activated protein C and protein S; B) measuring clotting
time after addition of tissue factor and calcium ions, wherein
prolongation of clotting time in comparison to a control is
indicative of the neutral glycolipid as on antithrombotic
factor.

[0127] In another embodiment, a method of screening for
a antithrombotic factor from a candidate neutral glycolipid,
comprising:

[0128] (1) incubating a candidate neutral glycolipid
with a reaction mixture comprising activated protein
C, protein S, Factor Va and a calcium source for a
period sufficient for an enzymatic reaction with
Factor Va;

[0129] (2) stopping the enzymatic reaction;

[0130] (3) determining the amount of Factor Va inac-
tivation, wherein an increase in Factor Va inactiva-
tion by greater than 5 percent compared with control
in the absence of the candidate neutral glycolipid
indicates the neutral glycolipid is an antithrombotic
factor.

[0131] The present invention also provides an animal
model for thrombosis comprising an animal deficient in
glucosylceramide. The deficiency may be induced by
administration of an inhibitor of glucosylceramide synthase.
Alternatively, the glucosylceramide deficiency is induced by
genetic alteration of genes that regulate glucosylceramide
synthesis, transport, processing, metabolism or hydrolysis.
Such animal models are useful in screening for antithrom-
botic factors from candidate neutral glycolipids or mimetics
useful for prevention or treatment of thrombosis and for
correction of glucosylceramide deficiencies.

[0132] All the essential materials and reagents required for
determining neutral glycolipid levels in a sample, for inhib-
iting thrombosis or inflammation or for screening for throm-
bolytic factors may be assembled together in a kit. When the
components of the kit are provided in one or more liquid
solutions, the liquid solution preferably is an aqueous solu-
tion, with a sterile aqueous solution being particularly pre-
ferred.

[0133] For the detection of neutral glycolipids the kit may
contain materials for chromatographic separation, such as
columns, beads, resins, gel matrices, filters, TLC plate,
buffers and appropriate solvents. Alternatively, if the
deteciton is via immunologic means, the kit may contain
antibodies directed to the neutral glycolipid, secondary
antibodies that binding primary antibodies, labels or signal
generating compounds (either conjugated or unconjugated)
and various reagents for the generation and detection of
signals.

[0134] For screening for thrombolytic factors from candi-
date neutral glycolipids the kit may contain one or more
reagents for conducting a clotting assay or Factor Va inac-
tivation assay such as activated protein C, protein S, CaCl,,
Factor V, plasma, fibrinogen, EDTA, neutral glycolipid
standards and the like.
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[0135] For in vivo use, an antithrombotic neutral gly-
colipid, alone or in combination with an anticoagulant,
antithrombotic, thrombolytic agent, antiplatelet drug, anti-
inflammatory drug, high density lipoprotein or portion
thereof, and combinations thereof, agent may be formulated
into a single or separate pharmaceutically acceptable
syringeable compositon. In this case, the container means
may itself be an inhalent, syringe, pipette, eye dropper, or
other such like apparatus, from which the formulation may
be applied to an infected area of the body, such as the lungs,
injected into an animal, or even applied to and mixed with
the other components of the kit.

[0136] The components of these kits may also be provided
in dried or lyophilized forms. When reagents or components
are provided as a dried form, reconstitution generally is by
the addition of a suitable solvent. It is envisioned that the
solvent also may be provided in another container means.
The kits of the invention may also include an instruction
sheet defining administration of the antithrombotic or anti-
inflammatory neutral glycolipid and/or other active ingre-
dients or explaining the assays for determining neutral
glycolipid levels in samples.

[0137] The kits of the present invention also will typically
include a means for containing the vials in close confine-
ment for commercial sale such as e.g., injection or blow-
molded plastic containers into which the desired vials are
retained. Irrespective of the number of type of containers,
the kits of the invention also may comprise, or be packaged
with, an instrument for assisting with the injection/admin-
istration or placement of the ultimate complex composition
within the body of an animal. Such an instrument may be an
inhalant, syringe, pipette, forceps, measured spoon, eye
dropper or any such medically approved delivery vehicle.
Other instrumentation includes devices that permit the read-
ing or monitoring of reactions in vitro.

[0138] The following example are included to demon-
strate preferred embodiments of the invention. It should be
appreciated by those of skill in the art that the techniques
disclosed in the examples which follow represent techniques
discovered by the inventor to function well in the practice of
the invention, and thus can be considered to constitute
preferred modes for its practice. However, those of skill in
the art should, in light of the present disclosure, appreciate
that many changes can be made in the specific embodiments
which are disclosed and still obtain a like or similar result
without department from the spirit and scope of the inven-
tion.

EXAMPLE 1

Materials and Methods

[0139] Patient and control groups. The study population
consisted of 70 Caucasian venous thromboembolism (VTE)
cases and 70 Caucasian controls (50 of each from the
University of Vienna and 20 of each from the Mayo Clinic),
and all subjects gave informed consent. The baseline char-
acteristics for patients from the two medical centers were
similar. Patients from the two centers had a similar preva-
lence of features typical of venous thrombophilic patients,
including 20-26% prevalence of Q506-factor V and 10-15%
prothrombin 20210A. For all patients, the diagnosis of VTE
was confirmed by objective methods (phlebography, com-
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pression duplex ultrasonography, pulmonary computerized
tomography or perfusion-ventilation lung scan). The site of
the first diagnosed VTE was deep leg vein thrombosis
(DVT) in 40, DVT and pulmonary embolism in 14, pulmo-
nary embolism without evidence of DVT in 11, deep arm
vein thrombosis in 3, and cerebral vein thrombosis in 2
patients, respectively. Blood samples were collected at least
three months after an episode of thrombosis. The first VTE
event occurred spontaneously in 43 of 70 patients (61%).
These “spontaneous” cases included 4 women receiving oral
contraceptives, one woman with previous breast cancer, and
one man with previously resected prostate cancer at the time
of thrombosis. At the time of blood sampling (but not at the
time of thrombosis) 2 women each were taking oral contra-
ceptives or hormone replacement therapy, and one was
taking tamoxifen. Because several Mayo Clinic patients
were receiving anticoagulant therapy or had evidence of
antiphospholipid antibody syndrome at the time of blood
sample collection, we report coagulation studies only for
Vienna patients without lupus anticoagulant and controls
(n=50 each).

[0140] Seventy healthy individuals (41 women, 29 men)
without a history of venous or arterial thromboembolism
with a mean age of 42x14 years old (range 19-85) served as
a control group. These healthy laboratory blood donors were
routine volunteers who were not taking oral contraceptives
or estrogen replacement therapy. For an additional determi-
nation of normal GlcCer levels, a panel of 40 normal adult
donors (20 male, 20 female) was collected at The Scripps
Research Institute (35.8+7.1 years old, range 19-56). Nor-
mal subjects gave informed consent for studies approved by
appropriate institutional review. Blood samples were
obtained from routine venipuncture after an overnight fast,
then mixed with 0.129 M sodium citrate (plasma:citrate 9:1
(vol/vol)). Plasma was prepared by centrifugation at
2,000xg for 20 min at room temperature and then stored at
-80° C. prior to analysis.

TABLE 1

Deep Vein Thrombosis Patient Characteristics

Characteristic

Total

n=70

Current Age, (Mean = SD), years

Range 50.1 = 14.4
(21-79)

Mean Age at first VTE episode, years 455 £ 14.2
Gender (female), n (%) 35 (50)
Recurrent VTE, n (%) 18 (26)
Spontaneous VTE, n (%) 43 (61.4)
Recent surgery, n (%) 4 (57
Recent trauma, n (%) 8 (16)

Active malignant neoplasm, n (%) 3 (43
Previous malignant neoplasm, n (%) 2 (2.8
Leg paresis, n (%) 1 (14
Prolonged travel, n (%) 4 (57
Oral contraceptive, n (%) 4 (57
Other, n (%)

Puerperium

Inflammatory bowel disease

Bechet’s disease

Tamoxifen use

1 (1.4)
2 (2.9)
1 (1.4)
1 (1.4)
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[0141] Lipid analysis. Plasma lipids were extracted twice
from citrated plasma with four volumes of chloroform-
methanol (2:1, v/v) (25). A Waters high performance liquid
chromatography (HPLC) system (Waters Corp., Milford,
Mass.) coupled to a Sedex-55 evaporative light scattering
detector system (ELSD) (SEDERE, Vitry sur Seine, France)
was used for GlcCer analysis as previously described for
quantitation of cardiolipin in plasma, unless otherwise noted
(25). A yPorosil column (300 mmx3.9 mm) was used with
isocratic chloroform/methanol/0.5% trifluoroacetic acid/wa-
ter (79:19:1:1). Under this condition, purified reference
GlcCer (human spleen, Sigma, St Louis, Mo.) showed one
peak eluting at 4.1 min (data not shown). The identity of the
putative GlcCer peak observed for plasma extracts on the
uPorosil column was confirmed based on having the same
retention time at 4.1 min as reference GlcCer and on
observing the predicted increase in peak area when purified
GlcCer was added to plasma lipid extracts prior to HPL.C
analysis. Furthermore, the plasma-derived lipid obtained
from the HPLC peak eluting at 4.1 min comigrated with
reference GleCer on thin layer chromatography (TLC) when
using either chloroform/methanol/hexane/acetic  acid
50:10:30:5 (v/v), chloroform/methanol/ammonium hydrox-
ide 65:25:4 (v/v), or chloroform/methanol/water 60:30:5
(v/v) as developing solvents, respectively.

[0142] Material from the GlcCer HPLC peak eluting at 4.1
min showed one spot on TLC corresponding to purified
GlcCer, and the spot, as well as reference GlcCer were
stained by the a-napthol sugar test (26). When the following
lipids were applied to this u-Porosil HPLC column, the
GlcCer peak at 4.1 minutes was separated from peaks for all
these lipids: other plasma glycolipids such as lactosylcera-
mide (LacCer) (Matreya, Inc., Pleasant Gap, Pa.), globotri-
aosylceramide (Gb3Cer) and globotetraosylceramide
(Gb4Cer) (Sigma); phospholipids, such as phosphatidylcho-
line (PC), lysophosphatidylcholine, PE, sphingomyelin,
phosphatidylserine (PS) and phosphatidylinositol, cardio-
lipin, phosphatidylglycerol, and phosphatidic acid; choles-
terol; or free fatty acids. To quantify GlcCer, a calibration
curve was made by analyzing varying amounts of reference
GlcCer (Sigma) using HPLC as previously described for
standardization of cardiolipin (25) and the standard curve
was fitted by the equation, Area=2.37x10°<[GlcCer (ug)]
173 covering the range 0.1 to 2.0 ug GlcCer (data not
shown).

[0143] Digestion of plasma GlcCer by glucocerebrosi-
dase. Endogenous plasma GlcCer was hydrolyzed by two
different glucocerebrosidases (f-glucosidase) (Sigma, St.
Louis, Mo.), recombinant glucocerebrosidase (1.35 U/mg
specific activity) or almond-derived glucocerebrosidase
(2.85 U/mg specific activity) which are relatively specific
hydrolases for GleCer. Plasma was incubated with varying
concentrations of glucocerebrosidase for 3 min, and then
lipid was extracted from plasma aliquots using chloroform/
methanol for GleCer determination using HPLC. In these
studies determining hydrolysis of GlcCer by glucocerebrosi-
dase, the concentration of PE, which was not hydrolyzed by
glucocerebrosidase, was used as internal standard for lipid
recovery. In parallel, prothrombin time assays (see below)
were performed using aliquots of glucocerebrosidase-treated
plasma.

[0144] Anticoagulant response to APC:protein S. Modi-
fied dilute prothrombin time based assays were performed as
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previously described. Briefly, 7.5 ul of test plasma was
mixed with fibrinogen (0.6 mg/ml final concentration) and
APC (8.7 nM final) plus protein S (28 nM final) or buffer,
and incubated 3 min at 37° C. (100 gl total volume). Clotting
times were measured after addition of 50 ul of recombinant
human tissue factor (Innovin from DADE, Miami, Fla.)
diluted 1:40 in Tris (trisfhydroxymethyl]aminomethane)-
buffered saline containing 0.5% bovine serum albumin
(TBSA) and 30 mM CaCl,. Baseline clotting times without
addition of APC:protein S were also determined. For studies
of the effects of glycolipid vesicles or glucocerebrosidase
treatment on clotting assays, a 1:64 dilution of Innovin was
used in the presence or absence of APC and protein S. In the
study of the effect of glucocerebrosidase, 13 nM APC and 42
nM protein S were employed.

[0145] Preparation of glycolipid vesicles. To prepare
extruded glycolipid vesicles, dried glycolipids GlecCer,
Gb3Cer, galactosylceramide (GalCer) (Sigma), and LacCer
were suspended at 100 ug/ml in TBS at room temperature,
vortexed 5 min, and passed through a 0.2 ym filter (Osmon-
ics, Livermore, Calif.). Concentrations of glycolipids recov-
ered after filtration were determined by HPLC analysis as
described above.

[0146] Large unilamellar multicomponent vesicles were
prepared generally as described. (27) Appropriate aliquots of
PC, PS and GlcCer were mixed and dried under nitrogen.
The lipid mixture was hydrated at a concentration of 6.25
mM lipid in TBS and freeze-thawed 10 times using liquid
nitrogen, and the solution of vesicles was passed 15 times
through a 0.2 um filter (Millipore). Concentrations of gly-
colipid recovered after filtration were determined by HPLC
analysis as described above. PC concentration was deter-
mined by an enzymatic colorimetric method (Phospholipids
B kit, Wako Chemical USA, Inc., Richmond, Va.).

[0147] Factor Va inactivation assay. To study the time
course of factor Va inactivation by APC:protein S, mixtures
containing GlcCer vesicles or control PC vesicles (21.5 uM)
or buffer, APC (6 nM final), protein S (18 nM final), and
factor Va (1.5 nM) with 5 mM CaCl, were incubated at 37°
C. Aliquots were withdrawn at various times and the reac-
tion was quenched by adding ethylenediamine tetraacetic
acid (EDTA) prior to determination of residual factor Va
activity. For the various lipid mixtures (PC alone,
PC/GlcCer (90%/10%, weight/weight), PC/PS (90%/10%)
and PC/PS/GlcCer (80%/10%/10%)), vesicles at varying
concentrations were incubated with APC (1 nM final),
protein S (18 nM final), and factor Va (1.5 nM final) for 3
min at 37° C., and then the reaction was quenched by adding
EDTA. The residual factor Va activity was quantitated using
prothrombin time clotting assays and standard log-log cali-
bration curves of clotting time versus factor Va concentra-
tion generated using purified factor Va and factor V deficient
plasma. (21)

[0148] Statistical analysis. Statistical analyses were per-
formed by using Prism™ 3.0 software (Graph Pad Software,
Inc., San Diego, Calif.) to determine correlations using the
two-tailed Pearson test with 95% confidence interval. Mean
and SD values for various plasma lipid levels were derived
from distributions based on logarithm-transformation of
observed values. Statistical significance between two groups
was determined using the Students t-test (unpaired, two-
tailed with 95% Cl) (Prism 3.0) and the difference was
considered significant when p<0.05.
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EXAMPLE 2

Plasma GlcCer and PE in Patients with Deep Vein
Thrombosis

[0149] A method to quantitate both GlcCer and PE in
plasma extracts using HPL.C was developed and validated as
described in Materials and Methods. When GlcCer and PE
in fasting plasma lipid extracts from 70 patients with deep
vein thrombosis and 70 controls were quantitated and loga-
rithm-transformed data were analyzed, the mean+SD plasma
GlcCer level in patients was 4.89 ug/ml (3.1-7.4) compared
with 6.54 ug/ml (4.4-9.7) in controls (FIG. 1A), and the
difference was statistically significantly (p=0.0007). As a
measure of relative risk, the odds ratio for deep vein
thrombosis in subjects with GlcCer levels below the 10"
percentile of controls was 5.7 (95% Cl 2.3-14).

[0150] In contrast to GlcCer, no significant difference
between patients and controls was seen for mean (+SD)
plasma PE levels (p=0.48) that were 70.6 (50-100) ug/ml
and 65.45 (42-102) ug/ml, respectively (FIG. 1D). As
previously determined (25), for another normal control
panel of 40 blood donors (The Scripps Research Institute
subjects) the mean level of GleCer was 6.9 ug/ml (range of
observed values 4.2-14.7 ug/ml) and the mean level of PE
was 60 pg/ml (range of observed values 16.1-156 ug/ml).
These values did not differ significantly from those of the 70
controls (FIGS. 1A and 1D) from the University of Vienna
and the Mayo Clinic (p=0.71 and p=0.31, respectively).
Moreover, the mean plasma GlcCer value reported here for
each control group is comparable to previously reported
normal values, thus validating our quantification of plasma
GlcCer. The influence of gender on plasma GlcCer levels
was analyzed. There were no statistically significant differ-
ences between mean values of plasma GleCer for male or
female controls (p=0.54) or for male and female patients
(p=0.67) (data not shown), thereby showing no influence of
sex on plasma GlcCer levels. A slight influence of age on
plasma GlcCer level was noted for the entire group of 140
subjects (r*=0.043, p=0.014) and for the 70 controls (r*=
0.062, p=0.038) but not for the 70 patients (p=0.78) (data not
shown). This small influence of age was insufficient to alter
the statistically significant differences between patients and
controls.

[0151] Patients were separated into those experiencing
thrombosis at less than 44 years old and those who were at
least 45 years old. When each group of patients was com-
pared with the corresponding controls, the mean low GleCer
level were significantly lower for younger thrombosis
patients (4.4 ug/ml) compared with controls (6.9 ug/ml)
(FIG. 1B) (p=0.0003) but not for older thrombosis patients
(5.2 ug/ml) compared with controls (6.1 ug/ml) (FIG. 1C)
(p=0.33). When patients and controls who were at least 45
years old were analyzed, the odds ratio for deep vein
thrombosis for GleCer levels below the 10 percentile value
of controls was 5.2 (95% Cl of 1.4 to 19.4). This odds ratio
of 5.2 was similar to that of 5.7 for the overall group of 70
thrombosis patients compared with 70 controls.

[0152] For the groups aged less than 44 years old, the
mean ages of patients and controls at the time of plasma
sampling were 34.4 and 32.4 years old, respectively, and
were not significantly different (p=0.25). Comparison of the
GlcCer values for patients with the 10" percentile value of

Jul. 8, 2004

controls who were 45 years old gave an odds ratio for
venous thrombosis of 1.87 (95% Cl of 0.45 to 7.7) (p=0.33)
(FIG. 1C). Although statistical significance for a difference
in GlcCer between the older patients and controls was
lacking, it may be noteworthy that 17% of patients (7 of 45)
had low GlcCer values of 3.3 ug/ml compared with 6% of
controls (2 of 29), suggesting that plasma GlcCer deficiency
also occurs in older venous thrombosis patients. For each of
the two age groups above or below 45 years old, mean PE
values were not statistically significantly different between
venous thrombosis patients and controls (p=0.57 and 0.15,
respectively) (data not shown).

EXAMPLE 3

Glucocerebrosidase Effect on Blood Coagulation
and Anticoagulant Response to APC:protein S

[0153] To assess the direct influence of GlcCer in plasma
on procoagulant reactions and on anticoagulant activities of
APC:protein S, endogenous GlcCer in plasma was hydro-
lyzed by varying amounts of recombinant glucocerebrosi-
dase. In parallel, glucocerebrosidase-treated plasma was
analyzed for its coagulation properties and for loss of
GlcCer. Recombinant glucocerebrosidase decreased the
concentration of plasma GlcCer by approximately 50% in a
dose-dependent fashion (FIG. 2). The anticoagulant
response to APC:protein S, as reflected by shortening of
observed clotting times (FIG. 2), was reduced in parallel to
reduction of endogenous GlcCer concentrations. Similar
results showing parallel decrease of plasma GlcCer and
decreased response to APC:protein S were obtained in
similar experiments using purified almond-derived gluco-
cerebrosidase added to plasma (data not shown), proving
that this effect was independent of the source of glucocer-
ebrosidase. PE levels were not affected by this enzyme
(x10%), showing that no significant phospholipid hydrolysis
had occurred. Interestingly, in the absence of APC:protein S,
recombinant glucocerebrosidase did not affect the baseline
clotting times (FIG. 2). Thus, depletion of endogenous
GlcCer by specific hydrolytic enzymes is associated with
decreased anticoagulant response to APC:protein S.

EXAMPLE 4

Influence of Exogenous Glycolipids on
Anticoagulant Response of Plasma to APC:protein
S

[0154] Several purified glycolipids including GleCer, Lac-
Cer, Gb3Cer and GalCer in vesicles were added to plasma
that was then assayed as described. (21) When GlcCer was
added to plasma in the presence of APC:protein S, it caused
dose-dependent marked prolongation of the modified PT
assay (FIG. 3). Similar effects of GlcCer causing clotting
time prolongation in the presence but not absence of
APC:protein S were observed in factor Xa-1-stage assays
performed without addition of exogenous lipids (data not
shown). When APC alone was added without protein S,
addition of GlcCer caused much less clotting time prolon-
gation compared with APC plus protein S (FIG. 3). When
protein S alone was added in the absence of APC, GlcCer
had no effect on clotting times (data not shown). Gb3Cer, a
trisaccharide-containing glycolipid in which the Glc unit of
GlcCer is extended by two Gal units, had activity very
similar to GlcCer (FIG. 3). However, GalCer which simply



US 2004/0132688 Al

has Gal in place of Glc did not enhance APC:protein S action
and had no effect on baseline clotting times (FIG. 3).
Neither D-Glc alone nor ceramide alone (0-100 mg/ml)
affected APC:protein S anticoagulant response (data not
shown). Thus, the anticoagulant enhancement of APC’s
action by neutral glycolipids was stereospecific for the
saccharide moieties.

EXAMPLE 5

Correlation of Anticoagulant Response to
APC:protein S with Plasma GlcCer Levels

[0155] To assess the correlation between plasma GleCer
levels and procoagulant reactions or anticoagulant response,
clotting assays using diluted tissue factor were performed
(21) in the presence and absence of APC and protein S. For
this analysis, plasmas from subjects known to carry Q506-
factor V were excluded because of the significant influence
of this polymorphism on anticoagulant response to APC.
The anticoagulant response, as reflected by the clotting time
in the presence of APC:protein S, was correlated with
GlcCer levels for thrombosis patients (p=0.0035, r=0.45,
n=37) (FIG. 4A) but not for controls (p=0.55, n=45) (FIG.
4B). Further analysis of subgroups showed that this antico-
agulant response correlated with GlcCer for male thrombo-
sis patients (p=0.0025, r=0.65, n=19) but not for female
thrombosis patients (p=0.21, r=0.31, n=18) (data not
shown). Analysis of correlation between baseline clotting
times for thrombosis patients (P=0.038, r=0.29, n=50) (FIG.
4C) and controls (P=0.18, r=0.20, n=50) (FIG. 4D).

EXAMPLE 6

Direct Effect of GlcCer on Purified Factor Va
Inactivation

[0156] To test whether GlcCer vesicles have a direct effect
on factor Va inactivation by APC:protein S in purified
system, purified proteins were used to study the time course
of factor Va inactivation. Factor Va inactivation by APC:pro-
tein S was enhanced by GleCer vesicles compared with PC
vesicles or buffer alone (FIG. 5A), indicating that GlcCer
vesicles can directly enhance factor Va inactivation. Experi-
ments were also performed to characterize the anticoagulant
cofactor potency of GlcCer incorporated into multicompo-
nent phospholipid vesicles. When such vesicles containing
10% GlcCer were used to stimulate inactivation of purified
factor Va by APC:protein S, PC/GlcCer vesicles were more
active than PC vesicles but less active than PC/PS vesicles
(FIG. 5B). Incorporation of 10% GlcCer into PC/PS (80%/
10%) vesicles enhanced factor Va inactivation compared
with PC/PS (90%/10%) vesicles (FIG. 5B). The apparent
potency of these tricomponent GlcCer/PC/PS vesicles was
approximately an order of magnitude greater than PC/PS
vesicles (FIG. 5B). Thus, GlcCer, can significantly directly
enhance inactivation of purified factor Va by APC:protein S.

EXAMPLE 7
Direct Effect of Various Neutral Glycolipids on
Purified Factor Va Inactivation

[0157] Purified factor Va (1.5 nM) was incubated with
APC (0.16 nM final)/protein S (18 nM final) and varying
lipids vesicles to allow factor Va inactivation for 5 min., and
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then the residual factor Va activity was determined using
prothrombin time clotting assays.

[0158] When various concentration of GlcCer in PC/PS
vesicles were added to factor Va inactivation system, 1%
GlcCer in PC/PS vesicle showed little enhancement effect of
APC/protein S with PC/PS alone vesicle. 5 and 10% GlcCer
in PC/PS vesicle enhanced inactivation of factor Va much
more and reached up to 60% factor Va inactivation and this
enhancement effect was observed from 1 ug/ml (FIG. 6A).
The apparent potency of 10% GlcCer/PC/PS vesicles was
approximately an order of magnitude greater than PC/PS
vesicles. Thus, GlcCer can significantly directly enhance
inactivation of purified factor Va by APC:protein S. Surpris-
ingly, even 1% Gb3Cer containing vesicle already enhanced
inactivation of factor Va significantly even at 1 ug/ml
Gb3Cer in PC/PS vesicle, and 5% Gb3Cer in PC/PS
enhanced much more but 10% Gb3Cer in PC/PS effect was
similar to 5% Gb3Cer in PC/PS (FIG. 6C). One % of
LacCer affect factor Va inactivation by APC/protein S little
like GlcCer, and the effect of 5% LacCer were also similar
to 5% GlcCer except for highest concentration. However,
10% LacCer dramatically enhanced factor Va inactivation
and its inactivation was reached up to 90% under this
condition (FIG. 6B). When GalCer in PC/PS were applied
to factor Va inactivation assay, the effect of GalCer in PC/PS
was not as well as GlcCer in PC/PS below 10 ug/ml where
GlcCer in PC/PS vesicle already showed significant enhanc-
ment effect on factor Va inactivation by APC/protein S.
Above 10 ug/ml of total lipid of GalCer in PC/PS, 5 and 10%
GalCer containing vesicle enhanced factor Va inactivation
by APC/protein C like GlcCer in PC/PS vesicle (FIG. 6E).
Gb4Cer in PC/PS vesicle showed much weaker effect on
factor Va inactivation (FIG. 6D) than GlcCer.

[0159] Thus, GleCer, lactosylceramide, galactosylceram-
ide and globotriaosylceramide incorporated into vesicles,
can significantly directly enhance inactivation of purified
factor Va by APC:protein S.

[0160] Based on our interest in the influence of plasma
lipids and lipoproteins on the antithrombotic protein C
pathway, (18-21,25) we established HPLC-based methods to
quantitate various plasma phospholipids, including cardio-
lipin, PS and PE. (25) The HPLC methodology used for PE
analysis also permitted quantitation of the neutral glycosph-
ingolipid, GlcCer. When the influence of GleCer on antico-
agulant response to APC:protein S was studied, we found
that depletion of endogenous GlcCer by addition of gluco-
cerebrosidase to normal pooled plasma proportionately
reduces sensitivity to APC:protein S (FIG. 2) while addition
of exogenous GlcCer to normal plasma dose-dependently
enhances the anticoagulant response without affecting base-
line clotting time (FIG. 3). Thus, plasma GlcCer appeared to
act like an anticoagulant cofactor for APC:protein S, leading
us to hypothesize that GlcCer would influence anticoagulant
activity by enhancing APC:protein S in vivo and that GleCer
deficiency may predispose to thrombosis.

[0161] To test the hypothesis that plasma GlcCer defi-
ciency is a marker or risk factor for thrombosis, plasma
GlcCer and PE mean levels for 70 patients with deep vein
thrombosis were compared to those for 70 healthy controls.
This comparison showed a remarkably lower mean level of
GlcCer, but not of PE, in patients compared with controls
(p=0.0007 and 0.48, respectively). Plasma GlcCer levels did
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not differ by gender in patients or in controls. As a measure
of relative risk, the odds ratio for deep vein thrombosis in
subjects with low plasma GlcCer levels below the 10"
percentile of controls was 5.7 (95% Cl 2.3-14). For those
under age 45 in whom hereditary risk factors might play a
more easily identifiable role, the difference between plasma
GlcCer values for patients and controls was remarkable
(p=0.0003), and the odds ratio for venous thrombosis for
subjects with GlcCer below the 10" percentile of controls
was 5.2 (95% C11.40-19.4). These observations suggest that
plasma GlcCer deficiency may be a marker or a risk factor
for venous thrombosis and that younger age may be an
important factor for low plasma GlcCer associated with
venous thrombosis.

[0162] In suggesting that low plasma GlcCer could be a
potential risk factor, rather than simply a marker, for venous
thrombosis, we note that experiments here demonstrate
biological plausibility for the ability of GlcCer to directly
enhance the anticoagulant action of APC:protein S in both
the plasma milieu and in reaction mixtures containing puri-
fied clotting factors. In normal plasma, depletion of endog-
enous GlcCer by enzymatic treatment decreased proportion-
ately GlcCer levels and anticoagulant response to
APC:protein S and, furthermore, when purified GlcCer was
added to plasma, it dose-dependently enhanced this antico-
agulant response. In studies using purified proteins, GlcCer
directly enhanced inactivation of purified factor Va by
APC:protein S. The direct anticoagulant effects of GleCer
were apparent for vesicles containing GlcCer in the absence
and in the presence of PS.

[0163] The ability of glycolipids to enhance APC:protein
S anticoagulant activity in plasma demonstrated specificity
for the conformation and composition of the saccharide
moieties. Anticoagulant activity appeared to be, at least in
part, specific for D-Glc linked covalently to Cer because
neither D-Glc alone nor ceramide alone was anticoagulantly
active while GlcCer was very active and because GalCer
was also inactive. The effects of extending the saccharide
unit attached to Cer were complex because GlcCer (Glefp1-
Cer) and Gb3Cer (Galal,4Galf1,4Glcf1-Cer) were
approximately equally active whereas the disaccharide-con-
taining glycolipid, LacCer (Galf1,4Glcf1-Cer), showed
much lower activity than the highly active glycolipids
containing either a monosaccharide or a trisaccharide.

[0164] The major plasma glycolipids which are associated
with each major class of plasma lipoproteins, VLDL, LDL,
and HDL, include GlcCer, LacCer, Gb3Cer and Gb4Cer
with plasma levels of approximately 10, 5.5, 2.1, and 2.8
uM, respectively. (28) Their biological activities are par-
tially determined by their sugar head groups and partially by
their lipid moieties. LacCer accumulation in atherosclerotic
lesions is caused by oxidized-LDL and is associated with
atherosclerosis via stimulation of smooth muscle cell pro-
liferation by superoxide generation. (29) Interestingly, in
contrast to LacCer, neither GlcCer nor Gb3Cer supports this
atherogenic reaction. (29) While not being bound by theory,
we speculate that GleCer and Gb3Cer could suppress throm-
bin generation which contributes to development of athero-
thrombosis by enhancing the APC:protein S anticoagulation
system. Notably, LacCer does not possess this anticoagulant
property. Thus, from these perspectives, LacCer may be
considered an atherogenic glycolipid while GlcCer and
Gb3Cer may be anti-atherothrombogenic glycolipids. More-
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over, this specific activity of oxidized-LDL on selective
accumulation of LacCer provides another case, in addition
to that presented here, where a biologic activity of these
three neutral glycolipids, each containing Gle linked to Cer
by bl-linkage, is different for LacCer compared with GleCer
and Gb3Cer.

[0165] How does GlcCer directly enhance the anticoagu-
lant action of APC:protein S? APC cleaves the heavy chain
of factor Va at Arg506, and then Arg306, and perhaps
Arg679, (30) and protein S and phospholipids are known to
accelerate factor Va inactivation by selectively promoting
the otherwise slow phospholipid-dependent cleavage at
Arg306. (31) In purified protein systems, GlcCer might
directly accelerate cleavage at Arg306, Arg506, or Arg679 in
factor Va by APC in the presence of protein S by binding to
one or more of these proteins. In the plasma milieu, there are
additional potential mechanisms for GlcCer and its ana-
logues. Protein S can abrogate the ability of factor Xa to
protect factor Va from APC cleavage (32) and factor Va
residues 493-506 provide binding sites for protein S and
factor Xa, (33) it is also possible that GlcCer might enhance
the ability of protein S to compete better with factor Xa for
binding factor Va. Cleavage of factor V at Arg506 augments
the anticoagulant cofactor activity of factor V for APC-
dependent inactivation of factor VIlla, and GleCer might
affect these anticoagulant reactions. (34) Moreover, it is
possible that GlcCer associates with another plasma com-
ponent that itself directly enhances APC:protein S antico-
agulant activity, in which case the anticoagulant effect of
GlcCer on APC:protein S would be an indirect one. Exten-
sive studies are needed to define the mechanisms of action
of GleCer as an anticoagulant cofactor.

[0166] When data were analyzed for correlations between
plasma GlcCer levels and anticoagulant response to
APC:protein S, several patterns were observed (FIG. 4). For
all venous thrombosis patients with normal factor V geno-
type, i.e., those who did not carry the APC-resistant Gln506-
factor V, the anticoagulant response to APC:protein S cor-
related with GlcCer levels. However, analysis of patient
subgroups showed that this correlation was significant only
for males, and there was no statistically significant correla-
tion for controls. The variability of these correlations is
puzzling because in vitro adjustments of plasma levels of
GlcCer in pooled normal plasma affect the anticoagulant
response to APC:protein S.

[0167] Because GlcCer is a minor lipid component of all
classes of plasma lipoproteins, it is possible that one or more
minor apolipoproteins also play functional roles in the
expression of APC/protein S anticoagulant activity in con-
junction with plasma GlcCer. If so, one wonders what are the
effects on plasma lipoproteins of the in vitro manipulations
that alter GlcCer levels. Since the metabolism of GlcCer is
linked to that of other plasma neutral glycolipids, eg.,
Gb3Cer, that could also affect anticoagulant response, cor-
relations might preferably be sought between anticoagulant
response and the combined plasma levels of GlcCer and
Gb3Cer. Finally, plasma GlcCer low levels might reflect
defects in cellular GleCer availability that relates to cell-
dependent antithrombotic mechanisms that affect risks of
thrombosis.

[0168] Our observations that two neutral glycolipids,
GlcCer and Gb3Cer, can influence the anticoagulant action
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of APC:protein S and that low plasma GleCer is a potential
risk factor for venous thrombosis provide the surprising
implication that neutral glycolipids may influence blood
coagulation reactions. (17) It is widely recognized that
activation of the blood coagulation system is enhanced by
charged phospholipid membrane surfaces as is the expres-
sion of the anticoagulant protein C pathway. However,
procoagulant and anticoagulant complexes may be differ-
ently affected by different membrane phospholipid compo-
nents or lipoproteins. For instance, the anionic phospholipid,
phosphatidylserine very effectively enhances prothrombin
activation by factor Xa:factor Va complexes. VLDL can
potentially support prothrombinase activity (35-37) whereas
HDL, particularly HDL2 (Deguchi, Fernandez and Griffin,
unpublished data), can act as an anticoagulant cofactor by
enhancing protein S-dependent APC activity. (21) Thus, the
blood coagulation pathways and the counterbalancing pro-
tein C anticoagulant system can be differentially modulated
by various lipids and lipoproteins. Studies presented here
raise the possibility that any number of the several hundred
glycolipids might contribute to up-regulation or down-regu-
lation of thrombin generation.

[0169] The ability of GlcCer and Gb3Cer to modulate
plasma’s sensitivity to APC:protein S may be clinically
relevant. Pregnancy and oral contraceptive usage reduce the
anticoagulant response to APC. (8,38,39) Estradiol lowers
GlcCer synthase, the primary enzyme that synthesizes
GlcCer, and it also raises glucosidase activity (40) suggest-
ing plasma GlcCer levels might be reduced by pregnancy or
oral contraceptive use. Some anti-cancer drugs are also
known to reduce GlcCer synthesis, (41,42) and tamoxifen
decreases GlcCer synthesis in cultured cells. (42) Since
tamoxifen use is also associated with increase risk of venous
thrombosis, (43) lowered GlcCer may reduce the sensitivity
of tamoxifen-treated patients to APC:protein S and thereby
increase risk of venous thrombosis.

[0170] The importance of vascular-bed specific signals
and molecules as risk factors for vascular-bed specific
thrombosis has been recently highlighted. (44) Given the
possibility for vascular-bed specific expression of any num-
ber of several hundred glycolipids, it is tempting to speculate
that tissue-bed specific glycolipids may modulate both pro-
coagulant and anticoagulant reactions. For example, nega-
tively charged sulfatides can exert both procoagulant and
anticoagulant activities. (45,46) Thus, there are a number of
intriguing implications of the observation that the neutral
glycolipids, GlcCer and Gb3Cer, enhance APC:protein S
anticoagulant response and that a low level of plasma
GlcCer appears to be a potential risk factor for venous
thrombosis.
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We claim:

1. An antithrombotic factor comprising at least one neu-
tral glycolipid.

2. The antithrombotic factor according to claim 1,
wherein the neutral glycolipid comprises a formula:

R-sugar-linkage-ceramide, wherein R is hydrogen or at

least one saccharide unit.

3. The antithrombotic factor according to claim 2,
wherein the sugar is a hexose sugar.

4. The antithrombotic factor according to claim 3,
wherein the hexose sugar is glucose, galactose, allose,
altrose, mannose, gulose, idose or talose.

5. The antithrombotic factor according to claim 2,
wherein the sugar moiety is selected from a D-isomer, or a
D-glucose linked covalently to ceramide.

6. The antithrombotic factor according to claim 2,
wherein R is selected from the group consisting of:

(2) 1 to 20 saccharide units; 1 to 6 saccharide units; or 1
to 3 saccharide units;

(b) multiple saccharide units that are linear or complexed
branched units; and

(c) at least one saccharide unit selected from the group
consisting of glucose, galactose, lactose, allose, altrose,
mannose, gulose, idose, talose, globotriose, erythrose,
threose, ribose, arabinose, xylose, lyxose, sedoheptose,
sedoheptulose and combinations thereof.

7. The antithrombotic factor according to claim 2,

wherein the linkage is selected from the group consisting of
(a) a covalent bond; and

(b) a beta-1 linkage directly between the sugar and

ceramide.

8. The antithrombotic factor according to claim 2,
wherein the saccharide unit is linked by an alpha-1,4 or
beta-1,4 linkage to the sugar.

9. The antithrombotic factor according to claim 2,
wherein a fatty acid side chain of the ceramide is saturated,
monounsaturated or polyunsaturated.

10. The antithrombotic factor according to claim 9,
wherein the fatty acid side chain has 16, 18, 22, or 24 carbon
atoms.

11. The antithrombotic factor according to claim 1,
wherein the neutral glycolipid is glucosylceramide, globot-
riaosylceramide, lactosylceramide or galactosylceramide.

12. The antithrombotic factor according to claim 1,
wherein the neutral glycolipid or glycolipids are in vesicle
form.

13. The antithrombotic factor according to claim 12,
wherein the vesicle further comprises at least one lipid.

14. The antithrombotic factor according to claim 13,
wherein the lipid is phosphatidylserine, phosphatidylcho-
line, cholesterol, cholesterol ester, triglyceride, diacylglyc-
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eride, sphingomyelin, phosphatidylethanolamine, lecithin,
liposomes or combinations thereof.

15. The antithrombotic factor according to claim 13,
wherein the vesicle glycolipids and lipids are selected from
a group consisting of:

(a) at least one neutral glycolipid and cholesterol;
(b) at least on neutral glycolipid and sphingomyelin;

(c) at least one neutral glycolipid, cholesterol and sphin-
gomyelin;

(d) at least one neutral glycolipid, phosphatidylethanola-
mine and cholesterol;

(e) glucosylceramide, phosphatidylserine and phosphati-
dylcholine;

(f) globotriaosylceramide and sphingomyelin;

(g) globotriaosylceramide and sphingomyelin and choles-
terol;

(h) glucosylceramide, sphingomyelin and cholesterol;
(i) lactosylceramide, sphingomyelin and cholesterol;

(j) lactosylceramide, phosphatidylethanolamine and cho-
lesterol; and

(k) galactosylceramide, phosphatidylcholine and sphin-

gomyelin.

16. The antithrombotic factor according to claim 13,
wherein the neutral glycolipid comprises about 1 to about
99% of the weight of the vesicle, about 1 to about 50% of
the weight of the vesicle, about 1 to about 10% of the weight
of the vesicle, or about 1 to about 10% of the weight of the
vesicle.

17. The antithrombotic factor according to claim 13,
wherein the vesicle comprises about 80% to about 99%
phosphatidylcholine; or about 1% to about 10% phosphati-
dylserine.

18. The antithrombotic factor according to claim 13,
wherein the vesicle comprises about 1 to about 10% neutral
glycolipid, about 80% to about 99% phosphatidylcholine
and about 0 to about 10% phosphatidylserine.

19. The antithrombotic factor according to claim 18,
wherein the neutral glycolipid is selected from the group
consisting of glucosylceramide, globotriaosylceramide,
galactosylceramide, lactosylceramide, and combinations
thereof.

20. A pharmaceutical composition comprising at least one
antithrombotic factor, wherein said at least one factor further
comprises:

(a) at least one neutral glycolipid; or

(b) at least one neutral glycolipid, wherein the neutral
glycolipid comprises a formula:

R-sugar-linkage-ceramide, wherein R is hydrogen or at
least one saccharide unit;

and a pharmaceutically acceptable carrier.

21. The pharmaceutical composition according to claim
20, wherein the antithrombotic factor is in a concentration
selected from the group consisting of:

(a) about 0.01 pg/ml to about 1 mg/ml;
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(b) about 0.05 ug/ml to about 500 ug/ml; and

(c) about 0.05 ug/ml to about 25 pg/ml.

22. The pharmaceutical composition according to claim
20, wherein the neutral glycolipid is present in an amount
sufficient to increase a circulating blood level of neutral
glycolipid by an amount selected from the group consisting
of:

(a) at least about 0.1 ug/ml to about 15 ug/ml;
(b) at least about 0.5 ug/ml to about 10 ug/ml; and

(c) at least about 1 ug/ml to about 7 pg/ml.

23. The pharmaceutical composition according to claim
20, further comprising at least one anticoagulant, antithrom-
botic agent, thrombolytic agent, antiplatelet drug, anti-in-
flammatory drug, high density lipoprotein or portion thereof,
or combinations thereof.

24. The pharmaceutical composition according to claim
23, wherein the anticoagulant is selected from the group
consisting of protein C or analog thereof, plasma-derived
protein C, recombinantly produced protein C, activated
protein C or analog thereof, plasma-derived activated pro-
tein C, recombinantly produced activated protein C, protein
S or analog thereof, plasma-derived protein S, recombi-
nantly produced protein S, protein S comprising one or more
chemically synthesized domains, tissue factor pathway
inhibitor or analog thereof, antithrombin III or analog
thereof, warfarin or analog thereof, heparin or analog
thereof, glycosaminoglycan or analog thereof, soluble
thrombomodulin or analog thereof, soluble endothelial pro-
tein C receptor or analog thereof and combinations thereof.

25. The pharmaceutical composition according to claim
24, wherein the activated protein C is in a concentration
sufficient to raise a blood level of activated protein C in a
subject by about 1.0 ng/ml to about 500 ng/ml.

26. The pharmaceutical composition according to claim
24, wherein the protein S is in a concentration to raise a
blood level of protein S in a subject by about 0.1 ug/ml to
about 20 ug/ml.

27. The pharmaceutical composition according to claim
24, comprising at least one neutral glycolipid, activated
protein C and protein S.

28. The composition according to claim 23, wherein the
antiplatelet agent is selected from the group consisting of
aspirin, dixyridamole, clopidogrel, an inhibitor of platelet
glycoprotein IIb-Illa, an inhibitor of ADP receptors, and
combinations thereof.

29. The composition according to claim 23, wherein the
thrombolytic agent is selected from the group consisting of
tissue plasminogen activator, tissue plasminogen activator
analog, urokinase, urokinase analog, prourokinase,
prourokinase analog, streptokinase, streptokinase analog, an
acylated form of plasminogen, an acylated form of plasmin,
acylated streptokinase-plasminogen complex, and combina-
tions thereof.

30. The composition according to claim 23, wherein the
portion of high density lipoprotein is selected from the group
consisting of apolipoprotein A-I, apolipoprotein A-II, apo-
lipoprotein B48, apolipoprotein B100, apolipoprotein C-I,
apolipoprotein C-1I, apolipoprotein C-III, apolipoprotein D,
apolipoprotein E, apolipoprotein H, apolipoprotein J, apo-
lipoprotein M and combinations thereof.
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31. A pharmaceutical composition comprising the anti-
thrombotic factor according to claim 12 and a pharmaceu-
tically acceptable carrier.

32. The pharmaceutical composition according to claim
31 further comprising at least one anticoagulant, antithrom-
botic agent, thrombolytic agent, antiplatelet drug, anti-in-
flammatory drug, high density lipoprotein or portion thereof,
or combination thereof.

33. A method of determining an individual at risk for
thrombosis comprising:

a) measuring a level of neutral glycolipid in a test bio-
logical specimen obtained from an individual;

b) comparing the level of said neutral glycolipid in said
test biological specimen to a normal range of neutral
glycolipid in a normal biological specimen, wherein a
lower level of neutral glycolipid in the test biological
specimen is indicative of a risk factor for thrombosis
for the individual.

34. The method according to claim 33, wherein the
biological specimen is plasma, serum, urine, cerebrospinal
fluid, semen, lung fluid, lymph, saliva, or urine.

35. The method according to claim 33, wherein the
thrombosis is venous thrombosis or arterial thrombosis.

36. The method according to claim 33, wherein the neutral
glycolipid is selected from the group consisting of gluco-
sylceramide, globotriaosylceramide, lactosylceramide and
galactosylceramide.

37. The method according to claim 33, wherein a lower
level of neutral glycolipid is: below the 15 percentile of the
normal range of neutral glycolipid from a normal biological
specimen, or below the 10™ percentile of the normal range
of neutral glycolipid from a normal biological specimen.

38. A method of determining an individual at risk for
thrombosis comprising:

A) measuring a level of glucosylceramide in a test bio-
logical specimen obtained from an individual;

B) comparing the level of said glucosylceramide to a
normal range of glucosylceramide from a biological
specimen, wherein a lower than normal level of glu-
cosylceramide in the test biological specimen com-
pared to a mean normal range in a normal biological
specimen is indicative of a risk factor for thrombosis
for the individual.

39. The method according to claim 38, wherein the
biological specimen is plasma, serum, cerebrospinal fluid,
semen, lung, saliva, fluid, lymph or urine.

40. The method according to claim 38, wherein the
thrombosis is venous thromobosis or arterial thrombosis.

41. The method according to claim 38, wherein the mean
normal range of glucosylceramide is about 6.0 to about 7.0
ug/ml, and wherein the biological specimen is plasma.

42. The method according to claim 38, wherein a lower
than normal level of glucosylceramide is about 4.6 ug/ml or
less in plasma or about 4.2 ug/ml or less in plasma.

43. The method according to claim 38, wherein a lower
level of glucosylceramide is: below the 15™ percentile of the
normal range; or below the 10™ percentile of the normal
range.

44. The method according to claim 38, further comprising
chromatographic separation of said biological specimen into
component parts, wherein said chromatographic separation
comprises high performance liquid chromatography, thin
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layer chromatography, paper chromatography, gas chroma-
tography, affinity chromatography, or affinity chromatogra-
phy utilizing an antibody or antigen binding fragment
thereof.

45. A method of determining a neutral glycolipid concen-
tration in plasma or serum comprising:

a) extraction of lipids from plasma or serum to form a
plasma lipid extract;

b) isolation of the neutral glycolipid by chromatographic
separation of the plasma lipid extract; and

¢) determination of the concentration of isolated neutral
glycolipid by comparison to reference neutral gly-
colipid standards.

46. The method according to claim 45, wherein the neutral
glycolipid is selected from the group consisting of gluco-
sylceramide, lactosylceramide, globotriaosylceramide, and
galactosylceramide.

47. The method according to claim 45, wherein the
chromatographic separation is selected from the group con-
sisting of: HPLC; HPLC utilizing silica beads; thin layer
chromatography; affinity chromatography; and immunoaf-
finity chromatography.

48. The method according to claim 47, wherein the silica
beads have a particle size of about 10 microns and a pore
size of about 125 Angstroms.

49. The method according to claim 47, wherein an affinity
reagent for the affinity chromatography is verotoxin or
shigatoxin.

50. The method according to claim 45, wherein the neutral
glycolipid is quantified by evaporative light scattering detec-
tor.

51. A method of enhancing antithrombotic or anti-inflam-
matory activity or reducing risk for thrombosis in an indi-
vidual in need thereof, comprising: administering to the
individual at least one antithrombotic factor selected from
the group consisting of:

(a) at least one neutral glycolipid;

(b) at least one neutral glycolipid, wherein the neutral
glycolipid comprises a formula:

R-sugar-linkage-ceramide, wherein R is hydrogen or at
least one saccharide unit;

(c) at least one neutral glycolipid, wherein the neutral
glycolipid or glycolipids are in vesicle form; and

(d) at least one neutral glycolipid, wherein the neutral
glycolipid or glycolipids are in vesicle form, wherein
the vesicle further comprises at least one lipid;

wherein, said antithrombotic factor is in an amount effec-
tive to enhance the antithrombotic or anti-inflammatory
activity or to reduce the individual’s risk for thrombo-
sis.

52. The method of enhancing antithrombotic or anti-
inflammatory activity according to claim 51, further com-
prising the administration of at least one anticoagulant,
antithrombotic agent, antiplatelet drug, thrombolytic agent,
anti-inflammatory drug, high density lipoprotein or portions
thereof, or combinations thereof.

53. The method of enhancing antithrombotic or anti-
inflammatory activity according to claim 52, wherein the
anticoagulant is selected from the group consisting of pro-
tein C or analog thereof, activated protein C or analog
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thereof, protein S or analog thereof, tissue factor pathway
inhibitor or analog thereof, antithrombin III, or analog
thereof, warfarin or analog thereof, heparin or analog
thereof, glycosylaminoglycan-protein C receptor or analog
thereof, and combinations thereof.

54. The method of enhancing antithrombotic or antiin-
flammatory activity according to claim 52, wherein the
thrombolytic agent is selected from the group consisting of
tissue plasminogen activator or analog thereof, urokinase or
analog thereof, prourokinase or analog thereof, streptoki-
nase or analog thereof, acylated plasminogen or analog
thereof, acylated plasmin or analog thereof, and acylated
streptokinase plasminogen complex.

55. The method of enhancing antithrombotic or anti-
inflammatory activity according to claim 51, wherein the
individual has a glucosylceramide deficiency.

56. The method of enhancing antithrombotic or anti-
inflammatory activity according to claim 51, wherein said
individual is selected from the group consisting of:

(a) an individual who is pregnant, taking an oral contra-
ceptive, or is on hormone replacement therapy;

(b) an individual who has had recent surgery or recent
trauma;

(¢) an individual who has cancer, inflammatory bowel
disease, Bechet’s disease, sepsis, bone fracture, Alze-
heimer’s disease, vascular disease, hyperlipidemia,
stroke or autoimmune disease;

(d) an individual who is taking an anticancer drug; and

(e) an individual who is taking an anticancer drug,
wherein the anticancer drug is tamoxifen, progesterone
and derivatives thereof, a selective estrogen receptor
modifier, or combinations thereof.

57. The method of enhancing antithrombotic or anti-
inflammatory activity according to claim 51, wherein the
antithrombotic factor is administered in a dose of about 300
ug to about 300 mg.

58. The method of enhancing antithrombotic or anti-
inflammatory activity in an individual according to claim 51,
wherein the dosage of antithrombotic factor is an amount
sufficient to raise a circulating neutral glycolipid concentra-
tion by about 0.01 ug/ml to about 15 ug/ml.

59. The method of reducing an individual’s risk for
thrombosis according to claim 51, wherein the amount is
sufficient to maintain the plasma level of glucosylceramide
to above the 15™ percentile of the normal range of gluco-
sylceramide in plasma, or above the 10™ percentile of the
normal range of glucosylceramide in plasma.

60. The method of reducing an individual’s risk for
thrombosis according to claim 51, wherein the antithrom-
botic factor is administered as a bolus, a continuous infu-
sion, or a bolus followed by a continuous infusion.

61. A nutritional supplement comprising at least one
neutral glycolipid.

62. The nutritional supplement according to claim 61,
further comprising components selected from the group
consisting of:

(a) active components of a conventional vitamin supple-
ment, active components of a conventional mineral
supplement, or combinations thereof;

(b) active components of a conventional vitamin supple-
ment, wherein the vitamin is selected from the group
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consisting of vitamin A, vitamin E, vitamin C, vitamin
D, folic acid, thiamin, riboflavin, niacin, vitamin B-6,
vitamin B-12, biotin and combinations thereof;

(¢) components of a conventional mineral supplement,
wherein the mineral is selected from the group con-
sisting of zinc, manganese, magnesium, iron, calcium,
copper, iodine, phosphorous, and combinations thereof.

63. The nutritional supplement according to claim 61,
further comprising a component selected from (a) processed
food; and (b) processed food, wherein the processed food is
selected from the group consisting of: milk, milk-derived
products, cereal, flour, grain and infant formula

64. A method of nutritional supplementation comprising
administration of an effective amount of at least one neutral
glycolipid to a subject.

65. The method according to claim 64, wherein the
amount is about 1 mg/day to about 500 mg/day of neutral
glycolipid.

66. The method according to claim 64, wherein the
amount is sufficient to increase the circulating blood level of
a neutral glycolipid in a subject by at least about 0.1 pg/ml
to about 15 ug/ml.

67. An animal model for thrombosis comprising an ani-
mal deficient in glucosylceramide.

68. The animal model according to claim 67, wherein the
glucosylceramide deficiency is induced by: administration
of an inhibitor of glucosylceramide synthase; or genetic
alteration of genes that regulate glucosylceramide synthesis,
transport, processing, metabolism, or hydrolysis.

69. A method of screening for antithrombotic factors from
among candidate neutral glycolipids comprising:

a) adding vesicles containing a candidate neutral gly-
colipid to plasma in the presence of (i) fibrinogen, (ii)
a member of the group consisting of: activated protein
C, plasma-derived activated protein C, and recombi-
nantly produced activated protein C, and (iii) a member
of the group consisting of protein S, plasma-derived
protein S, and recombinantly produced protein S;

b) measuring clotting time after addition of a tissue factor
or recombinant human tissue factor and calcium ions,
wherein prolongation of clotting time in comparison to
a control is indicative of the neutral glycolipid as on
antithrombotic factor.

70. A method of screening for antithrombotic factors from

candidate neutral glycolipids comprising:

(2) incubating the candidate neutral glycolipid with a
plasma sample with:

(1) exogenous activated protein C, exogenous protein C
and an exogenous reagent that transforms exogenous
protein C to activated protein C or an exogenous
reagent that transforms endogenous protein C to
activated protein C;

(2) an exogenous reagent (I) which at least partially
activates a coagulation factor of the blood coagula-
tion system of said plasma sample; and optionally;

(3) an exogenous substrate for an enzyme wherein the
activity of said enzyme is influenced by neutral
glycolipid, to prepare a final assay medium;

(b) measuring a substrate conversion rate for a coagula-
tion factor directly or indirectly activated in step (a), the
activity of which is influenced by neutral glycolipid;
and
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(¢) comparing said substrate conversion rate measure in
step (b) with a standard value obtained from plasma in
the absence of said neutral glycolipid wherein when
said substrate conversion rate obtained for said neutral
glycolipid in step (b) is lower than the standard value,
said candidate neutral glycolipid is an antithrombotic
factor.

71. The method of claim 70, wherein reagent (I) is an
activated partial thromboplastin time reagent comprising a
phospholipid or phospholipids and a contact activator.

72. The method of claim 70, wherein the neutral gly-
colipid and plasma sample are incubated with the compo-
nents of (a)(1), and, optionally, (a)(3) after a preincubation
of the sample with exogenous reagent (I) for a time sufficient
to activate the blood coagulation system of the sample.

73. The method of claim 70, wherein the neutral gly-
colipid and the plasma sample is incubated in step (a) with
exogenous protein C, optionally together with a protein S.

74. The method of claim 70, wherein in step (b), th
conversion of fibrinogen to fibrin is measured.

75. The method of claim 70, wherein said exogenous
reagent (I) is:

(i) components necessary to activate the blood coagula-
tion system of the sample via the intrinsic pathway, or

(i) components necessary to activate the blood coagula-
tion system via the extrinsic pathway, or

(iii) components necessary to activate the blood coagu-
lation system of the sample via the intrinsic pathway
and components necessary to activate the blood coagu-
lation system via the extrinsic pathway,

and components (a)(1), and (a)(3) are added simulta-
neously with, or after exogenous reagent (I) has been
allowed to incubate with the sample for a sufficient time
to activate the intrinsic pathway, or the extrinsic path-
way, or the intrinsic and the extrinsic pathways.

76. The method according to claim 70, wherein said
exogenous substrate is present and optionally a fibrin poly-
merization inhibitor is added, and substrate conversion is
measured.

77. The method according to claim 76, wherein said
exogenous substrate is specific for Factor X, and is option-
ally present together with a fibrin polymerization inhibitor.

78. The method according to claim 76, wherein said
exogenous substrate is specific for thrombin and is option-
ally present with a fibrin polymerization inhibitor.

79. The method according to claims 75, wherein said
exogenous substrate is present and optionally a fibrin poly-
merization inhibitor is added, and substrate conversion is
measured.

80. The method according to claim 79, wherein said
exogenous substrate is specific for Factor X, and is option-
ally present together with a fibrin polymerization inhibitor.

81. The method according to claim 79, wherein said
exogenous substrate is specific for thrombin and is option-
ally present with a fibrin polymerization inhibitor.

82. The method according to claims 70, further adding a
fibrin polymerization inhibitor, and said exogenous substrate
being a synthetic peptide, said synthetic peptide comprising
a group that is specifically released and becomes analytically
detectable upon action of an enzyme, said group being
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bound in an amide linkage in the carboxy terminal of the
peptide and being selected from a chromogenic, fluorogenic
or chemiluminogenic group.

83. The method according to claims 75, further adding a
fibrin polymerization inhibitor, and said exogenous substrate
being a synthetic peptide, said synthetic peptide comprising
a group that is specifically released and becomes analytically
detectable upon action of an enzyme, said group being
bound in an amide linkage in the carboxy terminal of the
peptide and being selected from a chromogenic, fluorogenic
or chemiluminogenic group.

84. The method according to claim 70, wherein said
exogenous reagent (I) is Factor XI_, Factor X, or Factor IX,
optionally, in combination with exogenous prothrombin.

85. The method according to claim 70, wherein said
exogenous reagent (I) is exogenous Factor X in combination
with exogenous Factor IX,, or a combination of Factor X,
Factor IX, and thrombin.

86. The method according to claim 70, wherein said
exogenous reagent (I) comprises Factor IX, or Factor X, and
said exogenous substrate is a chromogenic substrate for
Factor X,.

87. The method according to claim 70, wherein said
exogenous reagent (I) comprises Factor XI,, Factor IX,, or
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Factor X, optionally in combination with exogenous pro-
thrombin and said exogenous substrate is a chromogenic
thrombin substrate.

88. A method of screening for a antithrombotic factor
from a candidate neutral glycolipid, comprising:

A) incubating a candidate neutral glycolipid with a reac-
tion mixture comprising activated protein C, protein S,
Factor Va and a calcium source for a period sufficient
for an enzymatic reaction with Factor Va;

B) stopping the enzymatic reaction;

C) determining the amount of Factor Va inactivation,
wherein an increase in Factor Va inactivation by greater
than 5% compared with control in the absence of the
candidate neutral glycolipid indicates the neutral gly-
colipid is an antithrombotic factor.

89. The method according to claim 88, wherein the
determination of Factor Va inactivation employs standard
clotting assays for Factor Va.

90. The method according to claim 88, wherein the
determination of Factor Va inactivation employs standard
prothrombinase assays.
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