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Dear Sir,
Vascular endothelial growth factor (VEGF), secreted by a
number of cells, can induce not only endothelial cell migration
and growth, regeneration and angiogenesis, but also activation of
monocytes and their recruitment into atherosclerotic plaques (1,
2), thus leading to plaque progression. Previous studies indicate
that 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) re-
ductase inhibitors, statins, are able to modulate angiogenesis in
cell cultures and animal models. It has been shown that statins
have proangiogenic effects at low therapeutic levels, while in-
hibition of angiogenesis is induced by high concentrations of
these agents (3). Atorvastatin (20 mg/d for two months) was re-
ported to reduce plasma VEGF levels in 14 hypercholestero-
lemic patients with coronary artery disease (CAD) (4).There has
also been one report showing a decrease in plasma VEGF levels
following fibrate therapy (5). However, a major source of VEGF
are activated platelets (6), forming thrombi upon vascular injury
of arteries, e.g. following atheromatosus plaque rupture. Upon
activation by thrombin in vitro, platelets release large amounts of
VEGF (7). Weltermann et al. (8) reported that substantial quan-
tities ofVEGF are released from platelets during hemostatic plug
formation in healthy men aged 20 to 35 years. It is not known
whether statin or fibrate therapy affects the release of VEGF at
the site of microvascular injury. Given numerous sources of
VEGF detected in circulating blood and controversies around
the actual impact of both hypolipemic modes of therapy on
VEGF-mediated processes, we sought to investigate the effect
of simvastatin versus fenofibrate on levels of angiogenic factors
in a model of blood coagulation in vivo that directly examines
coagulant processes involving activated platelets at the site
of hemostatic plug formation. Apart from VEGF, α-granules of
platelets activated during blood coagulation release platelet-
derived growth factor (PDGF) BB, a potent mitogen and che-
motactic agent, which is able to upregulate the expression of
VEGF, and thus acts as an indirect inducer of angiogenesis
(9). Therefore, we decided to compare the release profiles of

VEGF and PDGF BB upon vascular injury, together with addi-
tional platelet activation marker such as soluble CD40 ligand
(sCD40L).

A study was conducted in 34 hypercholesterolemic subjects,
aged 35 to 65 years, who denied taking any hypolipemic drugs
for at least six weeks. The individuals enrolled in this study rep-
resented a part of the study population from our recent article
published in Thrombosis and Haemostasis (9). Subjects were
randomly allocated to receive simvastatin (Zocor®, Merck) 40
mg daily or micronized fenofibrate (Lipanthyl Supra®, Fournier)
160 mg daily. The duration of the study was four weeks.

The University Ethical Committee approved the study, and
patients provided a written, informed consent. All the investi-
gations were performed at baseline and at days 3 and 28 after the
start of simvastatin administration. To evaluate the effect of both
drugs on proteins released at the site of injury, we used a model
of microvascular injury that allows to measure levels of various
mediators in blood samples collected from standardized bleed-
ing-time wounds (10). Briefly, blood oozing from two standard-
ized bleeding-time wounds, performed with a Simplate II device
(Organon Teknika) was collected into heparinized capillary
tubes (Kabe Labortechnik) every 30 seconds until cessation of
bleeding. Blood samples were then passed into an anticoagulant
cocktail, centrifuged and frozen, as described previously (10).
Given interindividual bleeding time values, the final analysis
was limited to the first 10 samples.

In supernatant samples and plasma obtained from venous
blood, VEGF and PDGF-BB levels were determined using com-
mercially available sandwich enzyme-linked immunosorbent as-
says (R & D Systems). The detection threshold was 9 pg/ml and
15 pg/ml, respectively. The VEGF assay detects the soluble iso-
forms of human VEGF (VEGF 165 and 121). In addition,
sCD40L, a marker of platelet activation, was also measured in
venous blood and the bleeding-time blood samples (R & D Sys-
tems). The coefficients of intra- and inter-assay variations were
about 7%.

Data are given as mean ± SEM. Intergroup comparisons were
performed using the Mann-Whitney-U test. Serial data obtained
in the three time points were analyzed by Friedman’s repeated
measures ANOVA. Spearman’s rank correlation coefficient was
calculated to test the association between two variables with a
non-normal distribution. A p-value below 0.05 was considered
significant.

We studied 17 simvastatin-treated subjects (12 men and 5
women) and 17 fenofibrate-treated subjects (13 men and 4
women). There were no intergroup differences in age, lipid pro-
file, concomitant medication, bleeding time and platelet count.
Following a 3-day simvastatin administration, total cholesterol
(TC) and LDL cholesterol (LDL-C) were reduced from 249.2 ±
8.4 mg/dl and 164.5 ± 7.6 mg/dl to 220.1 ± 8.2 mg/dl (p<0.001)
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Figure 1:The time-course of the release of vascular endothelial
growth factor (VEGF), platelet-derived growth factor (PDGF),
and soluble CD40 ligand (sCD40L) at the site of microvascular
injury and its modulation by simvastatin (40 mg/day) or fenofi-
brate (160 mg/day) assessed after 3 and 28 days of the therapy.

and 141.2 ± 8.8 mg/dl (p<0.001), respectively, while triglyceride
(TG) and HDL cholesterol remained unaltered. In subjects
treated with fenofibrate for three days, TC and LDL-C did not
change (246.1 ± 9.2 vs. 239.1 ± 8.8 mg/dl and 148.2 ± 7.9 vs.
149.3 ± 8.4 mg/dl, respectively). Fenofibrate lowered only TG
from 188.1 ± 24.4 to 150.2 ± 19.7 mg/dl (p=0.03). After 28 days
of simvastatin therapy, TC, LDL-C, and TG declined to 173.5 ±
7.3 mg/dl (p<0.001), 90.2 ± 4.8 mg/dl (p<0.001), and 139.3 ±
16.9 mg/dl (from 190 ± 22.2 mg/dl; p=0.005), respectively, as
compared to day 3. In fibrate-treated subjects, TC and LDL-C
did not decrease significantly at 28 days (220.1 ± 7.6 mg/dl and
135.9 ± 8.4 mg/dl, respectively); however, TG fell to 130.2 ± 5.5
mg/dl (p=0.004 vs. day 3). Simvastatin and fenofibrate did not
affect platelet count as compared to the baseline values (229,000
± 9,000 vs. 222,000 ± 10,000 on day 28, and 220,000 ± 10,000
vs. 218,000 ± 8,000 on day 28, respectively). Bleeding time in
both treatment groups became slightly prolonged (348 ± 42 vs.

398 ± 13 s, and 376 ± 14 vs. 420 ± 10 s, at baseline vs. day 28, re-
spectively; p=0.04 for both comparisons).

In venous blood, neither simvastatin (45.4 ± 5.8 vs. 47.8 ± 5.9
pg/ml) nor fenofibrate (46.1 ± 3.9 vs. 44.9 ± 5.2 pg/ml) reduced
VEGF levels significantly. Similarly, plasma PDGF levels were
not affected by either hypolipemic agent (561 ± 43 vs. 549 ± 50
pg/ml for simvastatin and 552 ± 57 vs. 538 ± 48 pg/ml for fenofi-
brate). In contrast, plasma sCD40L levels decreased from 1.32 ±
0.21 to 0.63 ± 0.14 ng/ml after 28 days of simvastatin therapy
(p=0.019) and 1.44 ± 0.2 to 0.61 ± 0.09 ng/ml after 28 days of fe-
nofibrate therapy (p=0.012), with no significant changes on day
3 of the drug administration.

Levels ofVEGF, PDGF and sCD40L in shed blood rose grad-
ually at each time point in all individuals (Fig. 1). Prior to ther-
apy, a maximum rate of the VEGF level increase was similar in
both treatment groups (1.26 ± 0.11 pg/ml/s for simvastatin and
1.23 ± 0.11 pg/ml/s for fenofibrate). Similarly, maximum VEGF

Results are shown for the simvastatin group (A, C, E) and the fenofi-
brate group (B, D, F) for the three variables measured, respectively. *
P<0.05 vs. baseline. E) Differences between baseline and day 3 with re-
spect to sCD40L levels were significant in the last four time points.
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levels did not differ between treatment groups (194.2 ± 18.3 vs.
188.5 ± 14.6 pg/ml; p>0.05). Maximum PDGF levels (4936 ±
432 vs. 4723 ± 458 pg/ml; p>0.05) and the rate of their increase
(18.2 ± 2.1 pg/ml/s vs. 21.6 ± 2.4 pg/ml/s; p>0.05) were also
similar in simvastatin- or fenofibrate-treated subjects, respec-
tively.

After the first three days of hypolipemic therapy, VEGF and
PDGF levels did not change significantly (Fig. 1). A 28-day sim-
vastatin therapy, but not fenofibrate administration, resulted in
significantly lower VEGF and PDGF levels at the site of micro-
vascular injury starting from the 150-second blood samples (Fig.
1). Posttreatment maximum rates of theVEGF level increase and
maximum VEGF levels were markedly lower in simvastatin-
treated patients than at baseline (0.78 ± 0.06 pg/ml/s and 125.4 ±
10.9 pg/ml, respectively; p<0.001 for both comparisons). In the
fenofibrate group, no significant reductions were observed, and
the corresponding values were 1.14 ± 0.13 pg/ml/s and 184.5 ±
16.6 pg/ml (Fig. 1). Maximum levels of PDGF decreased signifi-
cantly after 28 days of simvastatin administration to 3201 ± 283
pg/ml (p<0.001) but did not change in fenofibrate-treated indi-
viduals (Fig. 1). Simvastatin, but not fenofibrate, reduced the
maximum rates of the PDGF level increase (to 11.6 ± 1.3 vs. 16.7
± 1.7 pg/ml/s, p=0.04, respectively). Comparing the time-course
for sCD40L in the bleeding-time blood with those of VEGF and
PDGF, we observed a similar reduction (by about 30% as com-
pared to the baseline value, p=0.011) in sCD40L levels after a
28-day simvastatin administration and no change after a 28-day
fenofibrate treatment (Fig. 1). Interestingly, significant de-
creases in the maximum rate of sCD40L release (1.09 ± 0.08 vs.
0.87 ± 0.06 ng/ml/s, p=0.03) and its maximum levels (9.31 ± 0.9
vs. 7.31 ± 0.7 ng/ml, p=0.023) at the site of injury were found as
early as following three days of simvastatin administration as
compared to the baseline values. Fenofibrate did not affect any of
these parameters (Fig. 1).

There were no associations between TC or LDL-C and
the rate of increase in the VEGF levels or their maximum values
on days 3 or 28 (r<0.2; p>0.05). This held also true for PDGF
and sCD40L levels in the bleeding-time blood. VEGF levels
positively correlated with PDGF levels in the simvastatin and
fenofibrate groups (r=0.73; p<0.001 and p=0.8; p<0.001, re-
spectively). Associations between sCD40L and VEGF or PDGF
were also significant, though weaker (r between 0.3 and 0.5;
p<0.05).

The present study shows that in hypercholesterolemic sub-
jects, simvastatin 40 mg daily significantly decreases levels of
angiogenic factors released from platelets, i.e. VEGF and PDGF,
as well as sCD40L at the site of vascular injury. Similar to other
additional actions of statins (12), this effect did not depend on
cholesterol-lowering properties of simvastatin. In addition, this
study is the first to demonstrate an association between statin ad-
ministration and decrease in PDGF levels in the microvascula-
ture.

Blann et al. (5) found a decrease in VEGF levels in circulat-
ing blood following fenofibrate therapy. There has been only one
report regarding fibrate-mediated changes in PDGF levels that
demonstrated an unexpected significant increase in concen-
trations of PDGF after a 2-month ciprofibrate therapy (13).
However, in our model fenofibrate given for one month did not

affect these growth factors when determined at the site of micro-
vascular injury.

Importantly, analyses of sCD40L levels in the bleeding-time
blood indicate that a release of this protein from platelets differs
from the patterns observed for VEGF and PDGF and can be de-
tected as early as after a 3-day statin treatment. At day 28, how-
ever, simvastatin lowered sCD40L at the site microvascular in-
jury like in case of VEGF and PDGF. Although simvastatin and
fenofibrate decreased plasma sCD40L levels, in the model of
microvascular injury only simvastatin is able to reduce sCD40L,
which is in line with previous findings (14). At present, reasons
for this discrepancy are elusive and may be related to the fact that
sCD40L is released not only from platelets, but also, e.g. from
endothelial cells, monocytes and activated T cells (14). More-
over, our results show that some drug-induced changes, espe-
cially related to thrombus formation, can be detected only at the
site of vascular injury, or they are quite different from those seen
in plasma of venous blood.

A mechanism underlying statin-induced decrease in amounts
of platelet-derived VEGF may be related to impaired platelet ac-
tivation at least in part due to reduced thrombin generation. Wel-
termann et al. (8) showed that treatment with hirudin, a selective
thrombin inhibitor, reduced VEGF levels determined at the site
of microvascular injury. Thrombin-lowering effect of simvasta-
tin reported in our model (10) may also explain the current find-
ings. Nevertheless, fibrate has been found to attenuate thrombin
generation (10); however, this effect has not been associated with
inhibition of the VEGF release in the present study, suggesting
that HMG-CoA reductase inhibitors might exert some additional
properties likely related to decreased isoprenoid synthesis (12).
An alternative explanation is the thrombin-independent inhibi-
tion of platelet activity by statins as suggested by some investi-
gators (15, 16) and us (10).

Our findings have potentially important implications. Since
increased VEGF levels have been reported to correlate with
worse clinical outcome in patients with acute coronary syn-
dromes (17), statin-induced reduction in VEGF released in loco
might contribute to beneficial effects of HMG-CoA reductase
inhibition. Moreover, a release of VEGF and PDGF during the
early stages of coagulation activation is also likely important in
wound healing. It is unclear whether statins might impair this
process.

In view of data suggesting a differential effect of low versus
high doses of statins on angiogenesis (3), the impact of lower
doses of simvastatin on the release of VEGF and PDGF in the
Simplate model deserves investigation. However, in 12 subjects
treated with 20 mg simvastatin daily for three months, we did not
observe any significant changes in the levels of VEGF or PDGF
measured in the bleeding-time blood (A. Undas, unpublished
data).

The current study suggests that simvastatin (40 mg daily)
may inhibit atherosclerosis in part by decreased release of angio-
genic and mitogenic agents from platelets at the site of vascular
injury.

Acknowledgements
We thank Dr. Jan Brozek for technical assistance.

Letters to the Editor

1047
For personal or educational use only. No other uses without permission. All rights reserved.

Downloaded from www.thrombosis-online.com on 2012-02-04 | IP: 38.107.179.230



References
1. Folkman J. Angiogenesis in cancer, vascular, rheu-
matoid and other disease. Nat Med 1995; 1: 27–31.
2. Celletti FL, Waugh JM, Amabile PG, et al. Vascular
endothelial growth factor enhances atherosclerotic
plaque progression. Nat Med 2001; 7: 425–9.
3. Weis M, Heeschen C, Glassford AJ, et al. Statins
have biphasic effects on angiogenesis. Circulation
2002; 105: 739–45.
4. Alber HF, Dulak J, Frick M, et al. Atorvastatin de-
creases vascular endothelial growth factor in patients
with coronary artery disease. J Am Coll Cardiol 2002;
39: 1951–5.
5. Blann AD, Belgore FM, Constans J, et al. Plasma
vascular endothelial growth factor and its receptor
Flt-1 in patients with hyperlipidemia and atherosclero-
sis and the effects of fluvastatin or fenofibrate. Am J
Cardiol 2001; 87: 1160–3.
6. KranzA, Rau C, Kochs M, et al. Elevation of vascu-
lar endothelial growth factor-A serum levels following
acute myocardial infarction: evidence for its origin and
functional significance. J Moll Cell Cardiol 2000; 32:
65–72.
7. Mohle R, Green D, Moore MA, et al. Constitutive
production and thrombin-induced release of vascular

endothelial growth factor by human megakariocytes
and platelets. Proc Natl Acad Sci USA 1997; 94:
663–8.
8. WeltermannA, Wolzt M, Petersmann K, et al. Large
amounts of vascular endothelial growth factor at the
site of hemostatic plug formation in vivo. Arterioscler
Thromb Vasc Biol 1999; 19: 1757–60.
9. Heldin CH, Westermark B. Mechanism of action
and in vivo role platelet-derived growth factor. Physiol
Rev 1999; 79: 1283–316.
10. UndasA, Celinska-Lowenhoff M, Domagala TB, et
al. Early antithrombotic and anti-inflammatory effects
of simvastatin versus fenofibrate in patients with hy-
percholesterolemia. Thromb Haemost 2005; 94:
193–9.
11. Undas A, Brummel KE, Musial J, et al. Simvasta-
tin depresses blood clotting by inhibiting activation
of prothrombin, factor V, and factor XIII and by en-
hancing factor Va inactivation. Circulation 2001; 103:
2248–53.
12. Undas A, Celinska-Löwenhoff M, Kaczor M, et al.
New nonlipid effects of statins and their clinical rel-
evance in cardiovascular disease. Thromb Haemost
2004; 91: 1065–77.

13. Gajdos M, MongiellovaV, Huttova D, et al. Ciprofi-
brate increases plasma concentration of platelet-de-
rived growth factor AB in patients with advanced athe-
rosclerosis and hyperlipidemia independently of its hy-
polipidemic effects. J Cardiovasc Pharmacol 2001; 38:
651–6.
14. Anand SX, Viles-Gonzalez JF, Badimon JJ, et al.
Membrane-associated CD40L and sCD40L in athero-
thrombotic disease. Thromb Haemost 2003; 90:
377–84.
15. Puccetti L, Pasqui AL, Pastorelli M, et al. Time-de-
pendent effect of statins on platelet function in hyper-
cholesterolaemia. Eur J Clin Invest 2002; 32: 901–8.
16. Casani L, Sanchez-Gomez S, Vilahur G, et al. Prav-
astatin reduces thrombogenicity by mechanisms
beyond plasma cholesterol lowering. Thromb Haemost
2005; 94: 1035–41.
17. Heeschen C, Dimmeler S, Hamm CW, et al. Prog-
nostic significance of angiogenic growth factor serum
levels in patients with acute coronary syndromes. Cir-
culation 2003; 107: 524–30.

Letters to the Editor

1048
For personal or educational use only. No other uses without permission. All rights reserved.

Downloaded from www.thrombosis-online.com on 2012-02-04 | IP: 38.107.179.230


