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Background and Objectives. Unfractionated heparin
and low molecular weight heparins exert their anticoag-
ulant effect by mobilizing tissue factor pathway inhibitor
(TFPI) from the vascular endothelium into the blood cir-
culation. We compared the influence of unfractionated
heparin and enoxaparin on the anticoagulant function of
cultured human endothelial cells.

Design and Methods. Monolayers of human umbilical
vein endothelial cells were treated with 10 U/mL unfrac-
tionated heparin or enoxaparin for different periods of
time (30 min-48h). Endothelial cell procoagulant activi-
ty was determined in the cell lysates by a chromogenic
assay. Endothelial cell tissue factor (TF) and released TFPI
and von Willebrand factor (vWF) were determined. 

Results. In short periods of incubation (30 min-2h),
both heparins reduced endothelial cell procoagulant
activity, the inhibition produced by unfractionated heparin
being greater than that induced by enoxaparin (p<0.05).
However, no variations were observed in TFPI and vWF
release. With long periods of incubation (24-48h), both
unfractionated heparin and enoxaparin significantly
increased TFPI release (control vs. unfractionated heparin,
p<0.05-0.001; control vs. enoxaparin, p<0.01-0.001)
and also reduced the release of vWF in the culture medi-
um, though no variations in endothelial cell procoagulant
activity or TF content were observed.

Interpretation and Conclusions. Our findings show
that unfractionated heparin and enoxaparin exert differ-
ent kinds of effects on endothelial cells. With short incu-
bation periods, procoagulant endothelial cell capacity
was reduced to a greater extent by unfractionated
heparin, while after longer periods of incubation enoxa-
pain increased the anticoagulant activity of the endothe-
lial cells to a greater degree than did unfractionated
heparin.

Key words: heparin, enoxaparin, endothelial cells,
tissue factor pathway inhibitor.

Haematologica 2003; 88:694-699
http://www.haematologica.org/2003_06/694.htm

©2003, Ferrata Storti Foundation

Effect of unfractionated heparin and a low molecular weight heparin (enoxaparin)
on coagulant activity of cultured human endothelial cells
VICENTA MARTINEZ-SALES, VIRTUDES VILA, EDELMIRO RÉGANON, JAVIER GARCIA OMS, JUSTO AZNAR

Endothelial cells play a central role in the regulation
of hemostasis by ensuring the cellular control of
both procoagulant and anticoagulant mechanisms.

The extrinsic coagulation cascade is initiated when tis-
sue factor (TF) is exposed at a site of blood vessel injury.1
TF is a cell membrane integral protein receptor for cir-
culating factor VII (FVII), and the rapid interaction of
this factor and its receptor promotes the conversion of
zymogen FVII to an active serine protease, activated
factor VIIa (FVIIa).2,3 The TF-FVIIa complex in turn acti-
vates factors IX and X, which leads to thrombin gener-
ation.1,3 Thrombin induces procoagulant changes in
endothelial cell function, including the release of von
Willebrand factor (vWF).4 The control of the highly pro-
coagulant activity of the TF-FVIIa complex occurs
through feedback inhibition by tissue factor pathway
inhibitor (TFPI), which is considered to be the principal
physiologic inhibitor of the complex.1,5 TFPI is a serine
protease produced chiefly by the endothelial cells.5 A
major portion of intravascular TFPI is stored associated
with endothelial cells under normal condition.6 TFPI is
present in the plasma in free and lipoprotein-associat-
ed forms.5 The free form of TFPI is released from the
endothelial surface into plasma as a result of the action
of heparin,7 and exerts a much stronger anticoagulant
effect than does the lipoprotein-associated form.8

Heparin administration in vivo causes prompt mobi-
lization of TFPI into the circulation,9 which is thus
thought to contribute substantially to the anticoagulant
action of heparin.10 Both unfractionated heparin and
low molecular weight heparins exert their anticoagu-
lant effect by accelerating the inhibitory action of
antithrombin III against its target sereine protease clot-
ting factors (thrombin, factors IXa, Xa, XIa and XIIa),11
and by mobilizing TFPI from the vascular endothelium
into the blood circulation.9 The exact profile of these
effects depends on the molecular weight of the heparin.
Enoxaparin is a low molecular weight heparin indicat-
ed for use in the treatment of coronary ischemic com-
plications of unstable angina and non-Q wave myocar-
dial infarction. Unfractionated heparin has for many
years represented the standard in anticoagulation ther-
apy for patients with acute coronary syndromes; how-
ever, recent studies suggest that enoxaparin is also a
viable option for anticoagulant therapy in these
patients. Data from the ESSENCE12 and TIMI 11B13 stud-
ies reported twice daily enoxaparin to be significantly
more effective than unfractionated heparin in contin-
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uous infusion in reducing death and serious cardiac
ischemic events. Compared to unfractionated
heparin, enoxaparin has 6-fold less anti-FIIa action
and half the anti-FXa activity. Consequently, the
ratio of anti-FXa to anti-FIIa activity is more than
3 for enoxaparin, whereas it is 1 for unfractionat-
ed heparin.14 In vitro studies15 have examined the
ability of unfractionated heparin to modulate the
procoagulant activity of stimulated endothelial
cells, showing that unfractionated heparin reduces
the procoagulant properties of stimulated
endothelial cells. A recently reported study
showed,16 in a spontaneously transformed immor-
tal endothelial cell line (ECV304), that the proco-
agulant activity of the cells was downregulated by
36%, and the contribution of TFPI to the antico-
agulant potency of ECV304 cells was moderately
increased after 24 hours of heparin stimulation. It
is suggested that TFPI release is of major impor-
tance for the anticoagulant function of heparins.
The aim of the present study was to compare the
influence of unfractionated heparin and enoxa-
parin on the anticoagulant function of cultured
human endothelial cells.

Design and Methods

Human umbilical vein endothelial cell
culture

Endothelial cells from human umbilical cord veins
(HUVEC) were obtained by collagenase digestion and
were grown to confluent monolayers according to a
method previously described.17 HUVEC were grown in
T-25 flasks pre-coated with endothelial cell attach-
ment factor (Sigma), in Medium 199 with 15 mM
HEPES supplemented with 20% fetal calf serum, 1%
endothelial cell growth factor (Sigma), 2 mM L-glu-
tamine, 1 mM sodium pyruvate, 50 U/mL penicillin,
and 50 µg/mL streptomycin sulfate in an atmosphere
of 95% air — 5% CO2. The confluent endothelial cell
monolayers were harvested from the culture flasks
with 0.25 % trypsin, 0.01% EDTA in 10 mM phos-
phate buffer, 150 mM NaCl, pH 7.4 (PBS), without
Ca2+ and Mg2+. Cells were plated in 24-well poly-
styrene culture plates, at a density of approxi-
mately 30×103 cells/well, precoated with endothe-
lial cell attachment factor and grown to reach 80-
100% confluence in the above-mentioned medium.
Only cells from these first subcultures were
exposed to the different experimental procedures.

Cell treatment with heparins
The endothelial cells were treated with unfrac-

tionated heparin (Rovi, 1000 U/mL) and low mole-
cular weight heparin, enoxaparin (Decipar, Italfar-
maco S.A. 10000 U/mL). Confluent monolayers of
endothelial cells in 24-well plates were washed
twice in Medium 199 with 15 mM HEPES (basal
medium) and incubated with cultured medium

(without antibiotics) suplemented with 2% fetal
calf serum and unfractionated heparin or enoxa-
parin at 10 U/mL final concentration for 30 min-
utes, 2, 4, 8, 24 and 48 hours at 37°C. Controls
without heparin were dosed in parallel dishes. At
the end of the incubation periods with or without
heparins, the supernatants were harvested, kept at
–80°C until assay, and the cell monolayers were
washed three times with PBS and processed.

Determination of endothelial cell
procoagulant activity with a chromogenic
assay

The procoagulant activity was measured in the
cell lysates by a chromogenic assay using human
plasma. In brief, cells were mechanically removed
with rubber policemen and scraped off the plates
with 0.5 mL of 0.9% NaCl, followed by transfer of
the cell suspension to tubes. The cells were dis-
rupted by 3 freeze-thaw cycles in liquid nitrogen.
Endothelial cell procoagulant activity was deter-
mined by incubating 50 µL of HUVEC lysate with
50 µL of pooled normal plasma for 2 min at 37°C;
then, 5 µL of 250 mM CaCl2 were added and incu-
bated for 20 min at 37°C. Thrombin generation was
stopped by adding 10 µL of 200 mM EDTA. The
amount of thrombin generated was determined
using a thrombin chromogenic substrate (S-2238,
Chomogenix-Instrumentration Laboratory Spa.).
Absorbances at 405 nm were read and the corre-
sponding amount of thrombin was determined
using a standard curve with known dilutions of
thrombin (Sigma). Procoagulant activity  was
defined as the amount of free thrombin generated
by cells (mU thrombin/103 cells).

Tissue factor antigen assay
Endothelial cell TF content was determined on

cell lysates using a commercial ELISA kit (Immu-
bind Tissue Factor, American Diagnostica Inc.). Cell
lysates were obtained by lyzing cells in Tris-buffer
saline, pH 7.8 (TBS; 0.1 M Tris-HCl and 150 mM
NaCl), containing 1% Triton X-100, 60 mM octyl-
β-D-glucopyranoside and a cocktail of inhibitors (1
mM phenylmethylsulfonyl fluoride, 1 mM apro-
tinin, and 10 mM EDTA)18 for 30 minutes at 37ºC
with vigorous vortexing.

Released tissue factor pathway inhibitor
assay

Antigenic concentrations of free TFPI in the
supernatants of endothelial cells were determined
using a commercial ELISA kit (Asserachrom free
TFPI, Diagnostica Stago).

von Willebrand factor assay
vWF activity was determined in the supernatant

of endothelial cells using a commercial ELISA kit
(Asserachrom vWF, Diagnostica Stago).

Heparins and coagulant activity of endothelial cells
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Statistical analysis
Results were expressed as the mean ± standard

deviation (SD) of six experiments performed in
duplicate. An unpaired t-test for normal distribu-
tions was used for the statistical comparison
between controls and heparin-treated cells. Sta-
tistical comparisons between groups at different
time points were performed using a paired-samples
t-test. The SPSS version 10.0 statistical package
was used throughout. A p value of ≤ 0.05 was con-
sidered statistically significant. 

Results

Endothelial cell procoagulant activity
The endothelial cell procoagulant activity levels

in HUVEC without heparin, with unfractionated
heparin (10 U/mL) or with enoxaparin (10 U/mL)
incubated at 37°C for different periods (30 min, 2,
4, 8, 24, and 48 h) were measured.

The results show that the interaction of unfrac-
tionated heparin and enoxaparin with HUVEC sig-
nificantly decreased endothelial cell procoagulant
activity by 30 minutes and 2 hours of incubation
compared to the control (Table 1). Both unfrac-
tionated heparin and enoxaparin reduced endothe-
lial cell procoagulant activity to the same extent at
30 min (70%, p<0.001). However, at 2 hours of
incubation, unfractionated heparin (70%, p<0.001)
produced greater endothelial cell procoagulant
activity inhibition than did enoxaparin (45%,
p<0.01): the difference between the effects of the
two heparins was statistically significant (Table 1).
After four hours of treatment with either unfrac-
tionated heparin or enoxaparin the observed pro-
coagulant activity of the endothelial cells was
slightly but not significantly less than that in the
control group experiments (Table 1). Endothelial
cell procoagulant activity was not modified by 8 to
48 hours of incubation (Table 1).

Tissue factor
We determined the endothelial cell TF content

in cell extracts of HUVEC incubated at 37°C for 4,
8, 24 and 48 hours without heparin or with unfrac-
tionated heparin (10 U/mL) or with enoxaparin (10
U/mL). The endothelial cell TF content under basal
conditions and in heparin-conditioned media at
different time points are shown in Table 2. No sig-
nificant differences in endothelial cell TF content
were found between the control cells and HUVEC
treated with UFH or with enoxaparin at any time
point (Table 2). No significant differences were
observed in endothelial cell TF content in relation
to the two study treatments.

Tissue factor pathway inhibitor
We determined the free TFPI in the cultured

media of HUVEC incubated at 37°C for 30 minutes
and 2, 4, 8, 24, and 48 hours without heparin, with
unfractionated heparin (10 U/mL) or with enoxa-
parin (10 U/mL). Results of free TFPI release by
HUVEC without heparin and in heparin-condi-
tioned media at different times are shown in Table
3. Both unfractionated heparin and enoxaparin
induced a time-dependent and significant increase
in free TFPI secretion (Table 3). After short periods
(30 min- 4 h) of incubating HUVEC with unfrac-
tionated heparin or with enoxaparin, no significant
variations were observed in endothelial cell-
released free TFPI (Table 3). After 8 hours of incu-
bation, only enoxaparin increased free TFPI release
by the endothelial cells - this increase being sig-
nificant compared with the release from both the
control cells and the cells treated with unfraction-
ated heparin. At 24 and 48 hours of incubation
with heparins, unfractionated heparin and enoxa-
parin both induced a time-dependent and signifi-
cant increase in free TFPI release (p<0.05 and
p<0.001, respectively) (Table 3). Comparing the
effects of the two heparins, it was seen that free
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Table 1. Endothelial cell procoagulant activity (mU throm-
bin/103 cell). Effect of unfractionated heparin or enoxa-
parin.

Incubation time
30 min 2 hours 4 hours 8 hours 24 hours 48 hours

Control 670±45 645±55 595±50 575±80 620±120 610±40

UFH 185±55* 185±50 * 430±150 465±150 550±125 520±115

ENOX 215±50 * 350±80†‡ 470±125 525±50 580±100 540±60

Results are expressed in IU thrombin/mL as mean ± SD of 6 experiments done in
duplicate. UFH, unfractionated heparin (10 U/mL); ENOX, enoxaparin (10 U/mL);
Control, without heparin; *p< 0.001, heparin vs. control; †p< 0.01, heparin vs.
control; ‡p< 0.05, UFH vs. ENOX.

Table 2. Effect of unfractionated heparin or enoxaparin on
HUVEC tissue factor (pg/103 cells). 

Incubation time
4 hours 8 hours 24 hours 48 hours

Control 4.41±0.41 4.54±0.29 4.34±0.36 4.02±0.34

UFH 4.34±0.34 4.51±0.39 3.90±0.32 4.07±0.61

ENOX 4.97±0.49 4.85±0.44 4.07±0.27 3.95±0.41

Results are expressed as mean ± SD of 6 experiments done in duplicate. UFH,
unfractionated heparin (10 U/mL); ENOX, enoxaparin (10 U/mL); Control, without
heparin.
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TFPI release was greater with enoxaparin than with
unfractionated heparin after both 24 (p<0.01) and
48 hours (p<0.001).

von Willebrand factor
HUVEC-released vWF was measured as the per-

centage activity of vWF in the cell culture media.
We determined the vWF in the cultured media of
HUVEC incubated at 37°C for 30 minutes and 2, 4,
8, 24, and 48 hours without heparin, with unfrac-
tionated heparin (10 U/mL) or with enoxaparin (10
U/mL). Results of vWF release by HUVEC without
heparin and in heparin-conditioned media at dif-
ferent time points are shown in Table 4. The results
show that during the first 24 hours of incubation
with heparins, vWF release changed as a result of
the action of heparin (Table 4). After 48 hours of
incubation with heparin (UFH or enoxaparin) there
was a significant decrease in vWF release by
HUVEC (p<0.05 and p<0.01, respectively) (Table 4).
However, when the effects of unfractionated
heparin and enoxaparin were compared, no signif-
icant differences were recorded between the two
heparins at any time.

Discussion

The present study shows that the interaction of
heparin with endothelial cells modulates the anti-
coagulant potential of endothelial cells. First, a
short period of incubation of heparins with
endothelial cells resulted in potent inhibition of
the procoagulant activity of the cells. Both unfrac-
tionated heparin and enoxaparin reduced endothe-
lial cell procoagulant activity - though the reduc-
tion was comparatively greater with unfractionat-
ed heparin than with enoxaparin. Heparins stimu-
late the synthesis and the accumulation of heparan
sulfate from endothelial cells19,20 and this endothe-
lial heparan sulfate shows anticoagulant activity.21

It seems reasonable that the reduced thrombin
generation exhibited by endothelial cells when they

are exposed to heparins could be due, at least in
part, to increased production of heparan sulfate by
the endothelial cells. However, no differences in
endothelial cell antigenic TF were found between
the control cells and cells treated with unfraction-
ated heparin or enoxaparin at any point of incu-
bation. These results are in accordance with those
of Cadroy et al.15 who found that unfractionated
heparin reduced coagulation activity, TF activity
and prothrombinase activity, but did not modify TF
antigen content in stimulated endothelial cells.
Recently, other authors22 reported that shear stress
reduces functional but not antigenic expression of
TF by intact activated endothelial cell monolayers.

In confirmation of previous findings, cellular
release of free TFPI increases during prolonged
incubation of endothelial cells with heparin, prob-
ably through up-regulation of TFPI expression and
synthesis.23 TFPI is produced predominantly by the
endothelium, where it remains bound - presum-
ably via glycosaminoglycan structures.24 TFPI asso-
ciated with the cell surface of the endothelial cells
is thought to act as a direct vessel-wall anticoag-
ulant. During the two first hours of endothelial cell
treatment with either unfractionated heparin or
enoxaparin we found a decrease in endothelial cell
procoagulant activity, unrelated to TFPI release.
This fact suggests that there might be some mech-
anism of inhibiting endothelial cell procoagulant
activity that is not related to TFPI release. Accord-
ingly, both heparins showed a biphasic action on
endothelial cells: first endothelial cell procoagu-
lant activity decreased, then this was followed by
an increase in TFPI release. Comparisons between
the effects of unfractionated heparin and enoxa-
parin showed that the latter induced greater free
TFPI release by endothelial cells. Thus, enoxaparin
is clearly more efficient than unfractionated
heparin in increasing the functional activity of TFPI
in endothelial cells in vitro. Recently, Alban et al.25

performed a clinical study in healthy volunteers
and found that unfractionated heparin mobilized

Heparins and coagulant activity of endothelial cells

Table 3. Free tissue factor pathway inhibitor released
(ng/106cells) by HUVEC. Effect of unfractionated heparin
and enoxaparin.

Incubation time
30 min 2 hours 4 hours 8 hours 24 hours 48 hours

Control 2.8±0.3 3.3±0.4 3.9±0.7 5.0±0.6 6.0±3.5 12.6±3.2

UFH 2.8±0.4 3.3±0.3 4.3±0.3 5.8±0.9 15.7±7.5 * 30.0±3.6†

ENOX 2.8±0.3 3.4±0.5 4.7±0.1 7.2±0.7‡§ 19.9±10.4*§ 39.8±7.7†°

Results are expressed as mean ± SD of 6 experiments done in duplicate;
UFH, unfractionated heparin (10 U/mL); ENOX, enoxaparin (10 U/mL);
Control, without heparin; * p< 0.05, heparin vs. control; †p< 0.001, heparin vs.
control; ‡p< 0.01, heparin vs. control; §p< 0.01, UFH vs. ENOX; °p< 0.001,
UFH vs. ENOX

Table 4. Effect of unfractionated heparin or enoxaparin on
HUVEC release of von Willebrand factor (% activity/106cells).

Incubation time
30 min 2 hours 4 hours 8 hours 24 hours 48 hours

Control 4.9±0.4 4.7±0.2 3.9±0.3 6.1±0.1 5.8±0.7 22.8±0.8

UFH 4.6±0.3 4.2±0.5 4.4±0.4 5.8±0.3 5.6±0.5 15.2±1.8 *

ENOX 4.7±0.9 4.0±0.4 4.7±0.2 6.1±0.1 5.2±0.4 15.4±0.9†

Results are expressed as mean ± SD of 6 experiments done in duplicate. UFH,
unfractionated heparin (10 U/mL); ENOX, enoxaparin (10 U/mL); Control,
without heparin; *p< 0.05, UFH vs. control; †p<0.01, ENOX vs. control.
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more free, but not total, TFPI than did enoxaparin.
The apparent differences between in vivo and in
vitro conditions could be related to the lower
lipoprotein concentration in culture medium than
in blood. In vivo unfractionated heparin efficiently
prevents the binding of plasma lipoproteins to the
released TFPI, whereas shorter heparin molecules
with lower affinity to TFPI are partly displaced by
lipoproteins.25

Our in vitro data could be interesting in relation
to recent publications describing that the use of
enoxaparin in patients receiving fibrinolytic ther-
apy for acute myocardial infarction is associated
with fewer acute cardiac events than is the use of
unfractionated heparin,26 and that enoxaparin
treatment reduces both cerebral lesions and func-
tional defects induced by local ischemia.27 Our
results show that both forms of heparin produce
less release of vWF. Better control of vWF plasma
levels means less FVIIIa is available for thrombin
generation, which is a major agonist of both
endothelial cells and platelets. Less thrombin gen-
eration may further limit the release of vWF stored
in Weibel-Palade and α-granules,28 and previous
reports have shown that therapeutic doses of
enoxaparin do significantly reduce thrombin gen-
eration.20,30

In conclusion, the present study shows that
unfractionated heparin and enoxaparin exert two
different kinds of effects on the procoagulant
activity of endothelial cells. With short incubation
times, both heparins reduce plasma thrombin gen-
eration, acting as a direct vessel-wall anticoagu-
lant, with effect of unfractionated heparin being
greater. After long periods of incubation, however,
enoxaparin increases the anticoagulant activity of
the endothelial cells to a greater extent than does
unfractionated heparin.
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Unfractionated heparin and low molecular weight

heparins exert their anticoagulant effect by mobiliz-
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What this study adds
While unfractionated heparin is more efficient

than low molecular weight heparin (enoxaparin) in
reducing endothelial cell procoagulant activity,
enoxaparin is more efficient in increasing the release
of tissue factor pathway inhibitor, a crucial step in
the anticoagulant function of heparins.
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