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Objective—Soluble fms-like tyrosine kinase 1 (sFlt1) is involved in the pathophysiology of preeclampsia and coronary artery disease.
Because sFlt1 has a heparin-binding site, we investigated whether or not heparin releases sFlt1 from the extracellular matrix.

Methods and Results—We measured sFlt1 before and after heparin administration in 135 patients undergoing coronary
angiography, percutanous coronary intervention, or both. sFlt1 was increased directly after heparin administration (from 254
to 13 440 pg/mL) and returned to baseline within 10 hours. Umbilical veins and endothelial cells treated with heparin released
sFlt1. Heparinase I and III also increased sFlt1. Mice treated with heparin had elevated sFlt1 serum levels. Their serum
inhibited endothelial tube formation.

Conclusion—Heparin releases sFlt1 by displacing the sFlt1 heparin-binding site from heparan sulfate proteoglycans.
Heparin could induce an antiangiogenic state. (Arterioscler Thromb Vasc Biol. 2011;31:2972-2974.)
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Soluble fms-like tyrosine kinase 1 (sFlt1) is a circulating
splice variant of cell-bound vascular endothelial growth

factor receptor-1. sFlt1 is increased in preeclampsia.1 sFlt1
can induce endothelial dysfunction and thereby may contrib-
ute to cardiovascular disease.2,3 sFlt1 is produced by endo-

thelial cells.4 In mice, sFlt1 levels significantly increased
within 30 minutes after coronary occlusion.3 Coronary endo-
thelial cells increased sFlt1 expression within 60 minutes of
hypoxia.2 The fourth, Ig-like, loop of the extracellular sFlt1
domain has a high-affinity heparin binding site, and several

Figure 1. A, Soluble fms-like tyrosine kinase 1 (sFlt1) values before and after coronary angiography (CA)/percutaneous coronary intervention (PCI).
The time point showing values directly after CA/PCI is divided into CA only (single-dose heparin) and PCI (second dose). n�135, P�0.0009. In
patients with high sFlt1 values before PCI, blood was drawn after heparin administration. B, Placental growth factor (PLGF) and vascular endothelial
growth factor (VEGF) before and after heparin and sFlt1/PLGF and sFlt1/VEGF ratios. n�20, *P�0.0001 and †P�0.05 vs at admission.
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clinical studies have shown that sFlt1 increases after heparin
treatment.5–7 We reasoned that heparin administration might
influence sFlt levels by displacing heparan-bound sFlt1 from
the extracellular matrix.

Materials and Methods
We enrolled 135 consecutive patients scheduled for elective coro-
nary angiography (CA) and percutaneous coronary intervention
(PCI) (Deutsches Register für Klinische Studien, DRKS00000278).
Patients received intravenous unfractionated (5000–10 000 U) hep-

arin during the procedure. We collected serial blood samples and
measured sFlt1 and placental growth factor using 2-step chemilumi-
nescent microparticle sandwich immunoassays (Abbott Diagnostics).
Human umbilical cords were incubated with either 5 mL of heparin
(1 IU/mL) for 10 minutes, 5 mL of heparinase I and III (each 0.4
U/mL) for 30 minutes, or 5 mL of PBS. Our isolation and culture
techniques have been described.8 Male C57BL/6 mice (Charles
River) were treated with 20 IU IV or SC heparin or vehicle, and their
serum was used for tube formation. Additional methods are de-
scribed in the supplemental material, available online at
http://atvb.ahajournals.org.

Figure 2. A, Soluble fms-like tyrosine kinase 1 (sFlt1) release in umbilical veins after heparin and heparinase I�III. *P�0.05 and
‡P�0.001. B, Heparin-treated umbilical veins were stained for sFlt1 (Cy3, orange). Arrows indicate endothelium and lamina elastica
(green). C, Mice after heparin treatment. n�6, *P�0.01 vs untreated. D, Serum of treated mice inhibited tube formation compared with
control serum. E, Tube quantification. n�6, *P�0.001.
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Results
In coronary artery disease patients, the median sFlt1 level at
admission was 254 pg/mL. sFlt levels increased more than
50-fold to a median value of 13 440 pg/mL directly after
CA/PCI (Figure 1A). Within 6 to 10 hours, sFlt1 values returned
to baseline and remained stable after 12 to 24 hours. sFlt1 levels
were higher in patients receiving a second heparin bolus during
PCI than in patients with CA only. Figure 1B shows an elevated
placental growth factor level after heparin; the sFlt1/placental
growth factor ratio shows a shift to an antiangiogenic state.
Figure 1B also shows a reduced vascular endothelial growth
factor level directly after CA/PCI, corresponding to the high
sFlt1/vascular endothelial growth factor ratio. Elevated sFlt1
levels were not related to microparticles or cell debris, as
ultracentrifugation did not affect the levels (Supplemental Figure
I). sFlt1 isoforms are shown by Western blot. Soluble endoglin,
soluble vascular endothelial growth factor receptor-2, and endo-
thelial protein C receptor were not elevated by heparin. Platelet
activation did not occur (Supplemental Figure III). In umbilical
veins, heparin and heparinase I�III both induced sFlt1 release
(Figure 2A). Immunofluorescence confirmed sFlt1 release from
endothelium (Figure 2B). Low-molecular-weight heparin led to
similar effects (Supplemental Figure IV). In endothelial cells,
heparin doubled sFlt1 concentrations in the medium (Supple-
mental Figure V). Figure 2C shows elevated sFlt1 in mouse
plasma after intravenous or subcutaneous heparin treatment at
different time points. Serum from these mice reduced endothe-
lial cell tube formation in culture (Figure 2D, quantified in
Figure 2E).

Discussion
Our study supports the hypothesis that heparin induces an
antiangiogenic state by releasing sFlt1. In coronary artery
disease patients receiving heparin during CA and PCI, sFlt1
values increased 50-fold shortly after heparin administration.
Heparin induces an antiangiogenic state by releasing sFlt1,
which is bound to heparan sulfate proteoglycans. sFlt1 is
released on heparin treatment because of competitive binding
at its heparin binding site. This finding could be relevant in
diseases with impaired angiogenesis, such as preeclampsia,
cancer, and coronary artery disease. Recently, Sela et al
reported that local retention and systemic release of sFlt1 are
both mediated by heparin binding and regulated by hepara-
nase.9 The combined data suggest that a widely used thera-
peutic agent might influence angiogenesis.

Sela et al induced sFlt1 secretion from vascular smooth
muscle cells and human placental villous explants with heparin.9

They also found increased sFlt1 levels in 5 pregnant women
receiving low-molecular-weight heparin and detected hepara-
nase in the syncytiotrophoblasts and placental syncytial knots,
which produce sFlt1. In addition to showing marked sFlt1
increases in a large cohort, we showed that serum from heparin-
treated animals effects endothelial cells. The combined data
underscore the conclusion a commonly used therapeutic agent
could influence the capability to make new blood vessels.

Maynard et al first reported increased plasma sFlt1 levels in
preeclamptic women and increased sFlt1 mRNA in placentas,
and they were also able to show that sFlt1 inhibits endothelial
tube formation by blocking placental growth factor and vascular
endothelial growth factor.10 sFlt1 has recently become of interest

to cardiologists because elevated levels of it are associated with
myocardial ischemia, coronary occlusion, and acute coronary
syndromes.5,6,11 Heparin is commonly used in these patients.

Clinical consequences are speculative. However, heparin not
only might affect sFlt1 measurement in patients under heparin
treatment but also could have pathophysiological effects. Many
patients in whom angiogenesis and sFlt1 levels are relevant
receive longer-term heparin treatment, such as cancer patients
with venous thromboembolism, pregnant women with prema-
ture labor, a wide range of patients with cardiac diseases, and
patients undergoing hemodialysis. Further research will be
necessary to explore clinical ramifications.

Sources of Funding
Abbott Laboratories funded the patient study. The Deutsche For-
schungsgemeinschaft (HE 6249/1-1) funded Dr Herse.

Disclosures
Dr Datwyler is a scientific employee of Abbott Laboratories.

References
1. Levine RJ, Maynard SE, Qian C, Lim KH, England LJ, Yu KF,

Schisterman EF, Thadhani R, Sachs BP, Epstein FH, Sibai BM, Sukhatme
VP, Karumanchi SA. Circulating angiogenic factors and the risk of
preeclampsia. N Engl J Med. 2004;350:672–683.

2. Onoue K, Uemura S, Takeda Y, Somekawa S, Iwama H, Nishida T,
Morikawa Y, Nakagawa H, Tsutsumi T, Sung JH, Takemoto Y, Soeda T,
Okayama S, Ishigami K, Kawata H, Horii M, Nakajima T, Saito Y.
Usefulness of soluble Fms-like tyrosine kinase-1 as a biomarker of acute
severe heart failure in patients with acute myocardial infarction. Am J
Cardiol. 2009;104:1478–1483.

3. Kapur NK, Heffernan KS, Yunis AA, Nguyen TA, Aronovitz MJ, Parpos
P, Wilson S, Baker CK, Esposito ML, Shah A, Kimmelstiel CD,
Weintraub A, Karas RH, Mendelsohn ME. Elevated soluble fms-like
tyrosine kinase-1 levels in acute coronary occlusion. Arterioscler Thromb
Vasc Biol. 2011;31:443–450.

4. Sela S, Itin A, Natanson-Yaron S, Greenfield C, Goldman-Wohl D, Yagel S,
Keshet E. A novel human-specific soluble vascular endothelial growth factor
receptor 1: cell-type-specific splicing and implications to vascular endothelial
growth factor homeostasis and preeclampsia. Circ Res. 2008;102:1566–1574.

5. Park M, Lee ST. The fourth immunoglobulin-like loop in the extracellular
domain of FLT-1, a VEGF receptor, includes a major heparin-binding
site. Biochem Biophys Res Commun. 1999;264:730–734.

6. Wong NS, Buckman RA, Clemons M, Verma S, Dent S, Trudeau ME,
Roche K, Ebos J, Kerbel R, Deboer GE, Sutherland DJ, Emmenegger U,
Slingerland J, Gardner S, Pritchard KI. Phase I/II trial of metronomic che-
motherapy with daily dalteparin and cyclophosphamide, twice-weekly meth-
otrexate, and daily prednisone as therapy for metastatic breast cancer using
vascular endothelial growth factor and soluble vascular endothelial growth
factor receptor levels as markers of response. J Clin Oncol. 2010;28:723–730.

7. Carroll TY, Mulla MJ, Han CS, Brosens JJ, Chamley LW, Giles I, Pericleous
C, Rahman A, Sfakianaki AK, Paidas MJ, Abrahams VM. Modulation of
trophoblast angiogenic factor secretion by antiphospholipid antibodies is not
reversed by heparin. Am J Reprod Immunol. 2011;66:286–296.

8. Gimbrone MA Jr. Culture of vascular endothelium. Prog Hemost Thromb.
1976;3:1–28.

9. Sela S, Natanson-Yaron S, Zcharia E, Vlodavsky I, Yagel S, Keshet E.
Local retention versus systemic release of soluble VEGF receptor-1 are
mediated by heparin-binding and regulated by heparanase. Circ Res.
2011;108:1063–1070.

10. Maynard SE, Min JY, Merchan J, Lim KH, Li J, Mondal S, Libermann
TA, Morgan JP, Sellke FW, Stillman IE, Epstein FH, Sukhatme
VP, Karumanchi SA. Excess placental soluble fms-like tyrosine
kinase 1 (sFlt1) may contribute to endothelial dysfunction, hyper-
tension, and proteinuria in preeclampsia. J Clin Invest. 2003;111:
649 – 658.

11. Lu YF, Lu SZ, Chen YD. Relationship between serum vasoactive factors
and plaque morphology in patients with non-ST-segment elevated acute
coronary syndrome. Chin Med J (Engl). 2010;123:193–197.

2974 Arterioscler Thromb Vasc Biol December 2011

D
ow

nloaded from
 http://ahajournals.org by on M

ay 16, 2023


