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Contradictory functions of sulfatide in the blood coagulation
system as coagulant and anticoagulant*®
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Sulfatide (galactosylceramide I -sulfate) has been reported to activate blood coagu-
lation factor XII (Hageman factor), which suggests that it exhibits coagulant activity
(Fujikama et al, 1980 Biochemistry 19, 1322-1330) However, sulfatide administered
into animals as a bolus shot without subsequent thrombus formation, prolonged con-
ventional clotting times and bleeding time (Hara et al., 1996 Glycoconjugate J. 13,
187-194). These findings suggest that it may exhibit anticoagulant rather than coagu-
lant activity. Following this suggestion we found in vitro that binding of sulfatide to fi-

. brinogen resulted in disturbance of fibrin formation. To examine a possible pharma-
cological effect of sulfatide on blood coagulation in viveo we continuously infused sulfa-
tide into rats through plastic cannulae and found formation of giant thrombi around
the tips of the cannulae. These data suggest that sulfatide may exhibit contradictory

functions in the blood coagulation system.

In 1961 Wago suggested possible anticoagu-
lant activity of sulfatide following its admini-
stration to rabbits [1] whereas in 1980, Fuji-
kawa et al. [2] reported for the first time that
sulfatide could activate blood coagulation fac-
tor XII in vitro. Since then, sulfatide has been

believed to be one of the important factors in
the initiation of the intrinsic coagulation path-
way [3-5] although the physiological impor-
tance of the intrinsic pathway itself still re-
mains unclear. On the other hand, we found
that Watanabe hereditable hyperlipidemic
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(WHHL) rabbits treated with sulfatide (10
mg/kg) as a bolus shot every other day for
three months showed no definite symptoms
or pathological changes related to thrombotic
disorders during the treatment and at autopsy
[6]. In addition we recently found that sulfa-
tide could prolong clotting times and bleeding
time in rabbits [7-9]. These findings Jead to
the hypothesis that sulfatide may act asan an-
ticoagulant rather than a coagulant. With re-
spect to the above items, sulfatide may be
similar to heparin which is a representative of
anticoagulants and is widely used in clinical
practice over the world. Heparin can prolong
clotting time as well as bleeding time [10, 11]
and it was also reported to be able to activate
blood coagulation factor XII in vitro [13]. The
precise mechanism of heparin acting as an an-
ticoagulant depends on its binding to anti
thrombin III (ATIII) through its known pen-
tasaccharide domain to enhance the activities
both of ATIII towards thrombin and of anti-
blood coagulation — factor Xa [10, 12]. A dif-
ferent mechanism has been suggested for sul-
fatide as an anticoagulant since sulfatide does
not accelerate the ATIII activity [9]. Therefore
we have studied its anticoagulant mechanism
to find out that sulfatide by binding to fibrino-
gen lead to disturbances of fibrin formation.
However, when continuously infused into
rats, sulfatide induced giant thrombi at the
tips of cannulae, The data presented suggest
contradictory functions of sulfatide in the
blood coagulation system.

MATERIALS AND METHODS

Glyvcosphingolipids and glycosaminogly-
cans, Sulfatide (an acidic glycosphingolipid,
sulfuric ester of galactosylceramide at the C3
of galactose residue) and galactosyleeramide
were prepared from pig spinal cord in our
laboratory [B]. Ganglioside Gyq; and Gpg were
purchased from Sigma (St. Louis, MO,
U.S.A.) and Waco (Osaka, Japan), respec-
tively. Heparin and chondroitin sulfate E were

from Wako and Seikagaku Co. (Tokyo, Ja-
pan), respectively.

Effect of sulfatide on bleeding time. After
sulfatide dissolved in PBS (5 mg/ml) was in-
jected into mice (20 mg/kg) through tail veins,
tail tips of the mice were cut periodically with
a scalpel. The tail was immediately placed in
PBS at 37°C and bleeding time was measured.

Enzyme-linked immunosorbent assay
(ELISA). Glycosphingolipids dissolved in 100
1 of methanol were dried in wells of a 96 well
microtiter polystyrene plate (Corning 25801,
Corning NY, U.S.A)). The wells were filled
with PBS containing 5% ovalbumin (PBS-0OA).
Afier 2 h, the wells were washed and fibrino-
gen (1 ug) in 100 ul of PBS-OA was added to
each well. After another 2 h, the wells were
washed and  Thorseradish peroxidase-
conjugated goat anti-human fibrinogen anti-
body (Organon-Technika, NC, U.S.A.) was
added. After 1 h, the wells were washed and
binding activities were detected by o-phenyle-
nediamine/hydrogen peroxide treatment,

Inhibition of fibrin gel formation by sul-
fatide. Various amounts of sulfatide in 80 ul
of 0.056 M Tris/HCI, pH 8.4, containing 0.075
M NasEDTA, 0.1756 M NaCl, and 0.5% bovine
serum albumin (Tris/BSA) were incubated for
3 min at 37°C. After adding thrombin (0.72 U,
Sigma, MO, U.S.A)) in 20 ul of Tris/BSA to
each sample, fibrinogen (1 mg) in 300 ul of
0.075 M Tris/HCl, pH 7.15 was added and
clotting time was measured.

Continuous infusion of sulfatide into
rats. Under anesthesia, the rats were incised
at the left thigh and a polyethylene cannula
(PE-10, Imamura, Tokvo, Japan) was retro-
gradingly inserted 4 ¢m into the ahdominal
vena cava by way of the left femoral vein. Sul-
fatide or gangliosides were continuously in-
fused at a dose of 1.25 mg/kg per h. After 4 h,
rats were killed under anesthesia and exam-
ined.

Kinetic analysis of plasma coagulation
by turbidometry using a 96 well microtiter
plate. This analysis was originally described
for Limulus test to determine bacterial endo-
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toxins [14]. One volume of plasma was gently
mixed with the same volume of PBS (PBS-
plasma). Various amounts of glycosphingolip-
ids dissolved in 50 ] of methanol or chloro-
form/methanol (1:1, v/v) were added to wells
of a 96 microtiter plastic plate. After complete
evaporation of organic solvent, 100 ul of PBS-
plasma were added to the wells. As glycosami-
noglycans, 100 ul of PBS-plasma containing
various amounts of heparin or chondroitin
sulfate E were added to lipids-uncoated wells
of the plate, respectively. The plate was in-
stalled in a microplate reader (Wellreader
SK601, Seikagaku Co. Tokyo, Japan) and kept
at 37°C during the analysis. The increase of
absorbance by the increased turbidity due to
fibrin formation was monitored at 405 nm
and recorded every 15 s, The onset time of fi-
brin formation in this analysis was defined as
the first of three sequential records when the
absorbance value in each well was elevated
more than 0.02 from the base value.

RESULTS AND DISCUSSION

Effect of sulfatide on bleeding time

Bleeding time were prolonged after injection
of sulfatide and its maximal effect was ob-
seved at 30 min after the injection (Fig.1).
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Figure 1. Effect of sulfatide on bleeding time.

Interaction of sulfatide with fibrinogen

Since our earlier results showed that sulfa-
tide inhibited neither thrombin nor factor Xa
activity [9], we examined the action of sulfa-
tide on fibrinogen in a system where only sul-
fatide, fibrinogen, thrombin and albumin
were involved but the other plasma proteins
including many factors related to blood coagu-
lation and fibrinolysis were excluded. As
shown in Fig. 2a, sulfatide effectively inhib-
ited the formation of fibrin gel in a dose-
dependent manner suggesting that sulfatide
may act on fibrinogen. To further confirm this
suggestion we tested by ELISA whether sulfa-
tide binds to fibrinogen. As shown in Fig. 2b,
sulfatide but not GalCer bound to fibrinogen
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Figure 2, The interaction of sulfatide with fibrino-
gen.

a, Prolongation of the clotting; b, binding of fibrinogen

to sulfatide and galactosylceramide; M, sulfatide; <,
GalCer.
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Figure 3. Thrombus induced by continuous infusion of sulfatide.

in a dose-dependent manner, suggesting that
a sulfated moiety is important for the binding.

Effect of sulfatide continuously infused into
rats

After infusion of glycosphingolipids, we
found giant thrombi at the tips of cannulae
from all rats into which sulfatide was infused
(Figs. 3a and 3b). The average weight of the
thrombus was 150 mg. It should be noted that
thrombi were formed only at the tips. On the
contrary, no thrombi were induced at the tips
in the rats into which ganglioside Gy;1 or GD3
was infused.

Effect of plastic plate coated with sulfatide
on plasma coagulation times in a 96 well
microtiter plate

In order to evaluate coagulant activity of gly-
cosphingolipids on animal plasma, we fixed
glycosphingolipids on plastic wells a proce-
dure which is commonly used to test binding
ability of glycosphingolipids to many carbohy-
drate binding proteins [15]. Plasma coagula-
tion was simply initiated by CaCls. The bene-
fit of this method is that it directly compares

the effect of hydrophobic lipids with that of
hydrophilic ones on plasma coagulation with-

Coagulation onset time
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Figure 4. The relation between coagulation onset
time [logyg(min)] and sulfatide [logyqlug/well)]
GalCer and monosialoganglioside Gy, (ug/well).

W, Sulfatide; ©, Gy O, GalCer; A, no glycolipid.
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Figure 5. Effect of sulfatide (a)

and heparin and chondroitin
sulphate E (b) on coagulation

of human plasma lacking fac-
tor XI1 and a mixture (the
same volume) of normal and
factor XII-deficient plasma
were examined by kinetic as-
say using a 96 well microtiter

plate.

[J, Normal plasma control; #,
normal plasma with sulfatide
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out the necessity of adding additional deter-
gent or proteins to solve the lipids. Figure 4
shows the relationships between plasma co-
agulation onset time and glycosphingolipids
in rat plasma, indicating that sulfatide could
accelerate coagulation at an amount so little
as 0.39 ug/well, with a maximal effect at 6.25
ptg/well. On the other hand, GalCer as well as
Gy did not exhibit such activity suggesting
that as previously reported [2] a sulfated moi-
ety is important. The result observed in this in
vitro experiment appears to be consistent with
that in vive (Figs. 3a and 3b), since sulfatide
but neither galactocerebroside (GalCer) and
ganglioside Gyqy could induce thrombi only at
the tip of plastic cannula in vive. On the other
hand, sulfatide but not GalCer nor ganglioside
coated on plastic plate could accelerate
plasma coagulation. Sulfatide infused
through a plastic cannula into rat may coat
the tip of the cannula in a short time.

In 1980 Fujikawa et al. [2] reported that sul-
fatide could activate blood coagulation factor
XII in vitro. Later this has also been confirmed
in our system by the use of normal and factor

(6.25 pg/well); A, normal/factor-
XII deficient plasma (1:1) with
sulfatide (6.25 ug/well); A, nor-
mal plasma with chondroitin sul-
fate (6.20 ug/well; B, normal
plasma with heparin (more than
0.4 pug/ml) or chondroitin sulfate
E (more than 94 ug/ml); ¥, nor-
mal plasma with heparin (less
&0 than 0.1 gg/md or chondroitin sul-
fate E (less than 5.9 pg/ml).

XIl-deficient human plasma. The factor XII-
deficient plasma-PBS did not coagulate either
in the presence or absence of any amount of
sulfatide. However, when normal and the defi-
cient plasma were mixed, the coagulation was
rapid in the presence of sulfatide, as in the
case of normal plasma (Fig. 5a) Both heparin
and chondroitin sulfate E are highly sulfated
glycosaminoglycans and were reported to acti-
vate factor XII in vitro [13]. However, neither
of them did accelerate, but they rather pro-
longed normal plasma coagulation onset
times in the system applied (Fig. 5b). Gener-
ally, the hemostatic system acting via the ex-
trinsic pathway (starting from the tissue fac-
tor/factor VII) is believed to be physiologi-
cally important [16], but the role of the system
via the intrinsic pathway in which factor XII is
involved seems to be questionable because
there are no bleeding symptoms in patients
lacking this factor [3-5]. Also the question as
to the role of the intrinsic pathway could have
been raised because even heparin, a typical
anticoagulant widely used in the current clini-
cal practice, was reported to activate factor
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X1l in vitro [13], but it is not to enhance throm-
bogenesis vig factor XII [11]. However, the
possible importance of the intrinsic pathway
should be taken into account because, in addi-
tion to the present report, we observed en-
hancement of thrombogenesis by sulfatide in
vivo in the experimental thrombosis model
[17].

In conclusion, we propose contradictory
functions for sulfatide in the blood coagula-
tion system although physiological functions
of sulfatide in blood coagulation are still un-
certain. Prolongation of bleeding time by sul-
fatide (Fig. 1) and clotting time (Fig. 2) could
be observed under inactivation of the intrinsic
pathway, whereas, on the contrary, induction
of thrombi by sulfatide probably might occur
under activation of this pathway. In addition,
it should be emphasized that sulfatide occurs
naturally in serum as a component of lipopro-
teins [7, 18] and accumulates in the walls of
atherosclerotic aortae of WHHL rabbits [19].
Sulfatide also occurs in plasma membranes of
many cells, especially cells in the nervous sys-
tem [20] where its presence may be related to
cerebral thrombotic diseases. In addition sul-
fatide can bind many proteins such as laminin
[21], thrombospondin [22], von Willebrand
factor [23], antistasin [24], and properdin [25]
almost all of which have been reported to be
closely related to haemostasis and/or inflam-
mation. Such characteristics may be impor-
tant for evaluation of the roles of sulfatide in
blood coagulation and atherosclerosis. Fi-
nally, recently anti-inflammatory actions of
sulfatide have been reported and sulfatide
may be expected to become a promising anti-
inflammatory medicine [26, 27]. However,
sulfatide should be carefully used because it
may induce thrombosis under still unknown
conditions.

We thank Dr. M, Waki of Seikagaku Co. To-
kyo Research Institute for critical reading of
the manusecript.
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