
Serum-derived Growth Factor Is Thrombin? Editorial
How might our view of vascular injury or atherosclerosis have
changed if thrombin had been identified as the critical serum-
derived growth factor (SDGF) before platelet-derived growth
factor (PDGF)? Knowledge that advanced atherosclerotic
plaques show evidence of repeated thrombotic/coagulative
events led Ross to argue that platelet factors play a key role in
atherosclerosis ( 1). Thrombin may be a more tempting candi-
date, especially in regard to the problem of restenosis after an-
gioplasty. First, Hatton showed that thrombin activity remains
elevated over balloon-injured vessels in animals for weeks after
injury (2); in contrast, the platelet response is over in one to
two days (3). Moreover, indirect evidence implies that throm-
bin is functioning in vivo after balloon injury. We showed that
the pattern of gene expression for the PDGF-receptors and
PDGF-A chain after balloon injury in vivo closely follows the
pattern seen when cultured smooth muscle cells are treated
with thrombin (4). Other growth factors and vasoactive mole-
cules do not reproduce this pattern. When PPACK was infused
into baboons after angioplasty, most of the elevation of expres-
sion of PDGF-A chain was abated (4). This effect on PDGF is
especially interesting given reports in vitro that autocrine
PDGF-A chain is a co-mitogen rather than a complete mitogen
(5-7). Activation by thrombin might also explain the synthesis
of PDGF-B by endothelial cells and by macrophage within ad-
vanced atherosclerotic plaques (8, 9). Second, via its proteo-
lytic activity, thrombin may activate or deactivate other mole-
cules implicated in the response to injury, including plasmin
and bradykinin (10, 11). Thus, one might imagine thrombin
having both a direct and an indirect role in the proliferative
response of vessels to injury. Finally, thrombin might play a
major role in spasm. Thrombin stimulates endothelial cells to
produce endothelium-derived relaxing factor, and endothe-
lium-derived relaxing factor results in smooth muscle relax-
ation and possibly growth inhibition. In contrast, thrombin
acts directly on the smooth muscle cells as a vasoconstrictor. It
seems likely that such a mechanism plays an important role in
the ability of small vessels to contract at sites of vascular injury
while neighboring vessels, their endothelium still intact, are
stimulated to increase their blood flow. Similar mechanisms
might contribute on the one hand to vasospasm and on the
other hand to control of blood flow through the adventitial
vessels that supply the base of the atherosclerotic plaque ( 12).

Obviously, we do not know that thrombin is active in
plaques or that it is an in vivo mitogen. By contrast, in vivo
studies show that PDGF is chemotactic but weakly mitogenic
(9, 13). Indeed, McNamara and colleagues ( 14) lose mitogenic
activity in the presence of serum. Infusion studies with throm-
bin receptor oligopeptides would be valuable. However, the
peptides will only mimic activity of the thrombin receptor and
may clear too quickly. Moreover, there is evidence that non-
proteolytic domains of thrombin have their own activities ( 15,
16). The protease itself may have different substrate specifici-
ties depending on occupation of the exosite, binding to throm-
bomodulin, or, perhaps, binding to as yet undefined protease
nexins within the vessel wall. The critical step in focusing on
particular thrombin activities may well depend on use of spe-
cific inhibitors. The most impressive published data so far is
the work of Sarembock et al. showing that hirudin inhibited
intimal thickening following balloon injury in rabbits ( 17).

Unfortunately, the data did not clearly distinguish between the
effects of hirudin on coagulation in the acute stages after bal-
loon injury and its effects on inhibiting the formation of the
intima. Nor do we know whether effects were due to inhibition
of replication, inhibition of migration, or any of the other ef-
fects discussed above. Undoubtedly, McNamara et al.'s paper
in this issue, as well as earlier studies implicating thrombin as a
very potent in vitro mitogen ( 18), will lead to new and critical
in vivo experiments.
Stephen M. Schwartz
Department of Pathology
University of Washington
School of Medicine

References
1. Ross, R., J. Masuda, and E. W. Raines. 1990. Cellular interactions, growth

factors, and smooth muscle proliferation in atherogenesis. Ann. NY Acad. Sci.
598:102-112.

2. Hatton, M. W., S. L. Moar, and M. Richardson. 1989. Deendothelializa-
tion in vivo initiates a thrombogenic reaction at the rabbit aorta surface. Correla-
tion of uptake of fibrinogen and antithrombin III with thrombin generation by
the exposed subendothelium. Am. J. Pathol. 135:499-508.

3. Reidy, M. A. 1990. Proliferation ofsmooth muscle cells at sites distant from
vascular injury. Arteriosclerosis. 10:298-305.

4. Okazaki, H., M. W. Majesky, L. A. Harker, and S. M. Schwartz. 1992.
Regulation of platelet-derived growth factor ligand and receptor gene expression
by a-thrombin in vascular smooth muscle cells. Circ. Res. 71: In press.

5. Battegay, E. J., E. W. Raines, R. A. Seifert, D. F. Bowen-Pope, and R. Ross.
1990. TGF-fl induces bimodal proliferation of connective tissue cells via complex
control of an autocrine PDGF loop. Cell. 63:515-524.

6. Libby, P., S. J. Warner, and G. B. Friedman. 1988. Interleukin 1: a mitogen
for human vascular smooth muscle cells that induces the release ofgrowth-inhibi-
tory prostanoids. J. Clin. Invest. 81:487-498.

7. Raines, E. W., S. K. Dower, and R. Ross. 1989. Interleukin-1 mitogenic
activity for fibroblasts and smooth muscle cells is due to PDGF-AA. Science
(Wash. DC). 243:393-396.

8. Wilcox, J. N., K. M. Smith, L. T. Williams, S. M. Schwartz, and D. Gordon.
1988. Platelet-derived growth factor mRNA detection in human atherosclerotic
plaques by in situ hybridization. J. Clin. Invest. 82:1134-1143.

9. Ross, R., J. Masuda, E. W. Raines, A. M. Gown, S., Katsuda, M. Sasahara,
L. T. Malden, H. Masuko, and H. Sato. 1990. Localization of PDGF-B protein in
macrophages in all phases of atherogenesis. Science (Wash. DC). 248:1009-
1012.

10. Farhy, R. D., K. L. Ho, 0. A. Carretero, and A. G. Scicli. 1992. Kinins
mediate the antiproliferative effect of ramipril in rat carotid artery. Biochem.
Biophys. Res. Commun. 182:283-288.

11. Clowes, A. W., M. M. Clowes, T. R. Kirkman, C. L. Jackson, Y. P. Au,
and R. Kenagy. 1992. Heparin inhibits the expression of tissue-type plasminogen
activator by smooth muscle cells in injured rat carotid artery. Circ. Res. 70:1128-
1136.

12. Williams, J. K., M. L. Armstrong, and D. D. Heistad. 1988. Vasa vasorum
in atherosclerotic coronary arteries: responses to vasoactive stimuli and regres-
sion of atherosclerosis. Circ. Res. 62:515-523.

13. Jawien, A., D. F. Bowen-Pope, V. Lindner, S. M. Schwartz, and A. W.
Clowes. 1992. Platelet-derived growth factor promotes smooth muscle migration
and intimal thickening in a rat model of balloon angioplasty. J. Clin. Invest.
89:507-511.

14. McNamara, C. A., I. J. Sarembock, L. W. Gimple, J. W. Fenton III, S. R.
Coughlin, and G. K. Owens. 1993. Thrombin stimulates proliferation of cultured
rat aortic smooth muscle cells by a proteolytically activated receptor. J. Clin.
Invest. 91:94-98.

15. Carney, D. H., R. Mann, W. R. Redin, S. D. Pernia, D. Berry, J. P.
Heggers, P. G. Hayward, M. C. Robson, J. Christie, C. Annable, et al. 1992.
Enhancement of incisional wound healing and neovascularization in normal rats
by thrombin and synthetic thrombin receptor-activating peptides. J. Clin. Invest.
89:1469-1477.

16. Bar-Shavit, R., M. Benezra, A. Eldor, E. Hy-Am, J. W. Fenton II, G. D.
Wilner, and I. Vlodavsky. 1990. Thrombin immobilized to extracellular matrix is
a potent mitogen for vascular smooth muscle cells: nonenzymatic mode of ac-
tion. Cell. Regul. 1:453-463.

17. Sarembock, I. J., S. D. Gertz, L. W. Gimple, R. M. Owen, E. R. Powers,
and W. C. Roberts. 1991. Effectiveness of recombinant desulphatohirudin in
reducing restenosis after balloon angioplasty of atherosclerotic femoral arteries in
rabbits. Circulation. 84:232-243.

18. Mitsuhashi, T., R. C. Morris, Jr., and H. E. Ives. 1991. 1,25-dihydroxyvi-
tamin D3 modulates growth of vascular smooth muscle cells. J. Clin. Invest.
87:1889-1895.

4 S. M. Schwartz

J. Clin. Invest.
© The American Society for Clinical Investigation, Inc.
0021-9738/93/01/0004/01 $2.00
Volume 91, January 1993, 4


