
A Major Advance in the Use of Growth Factors to Enhance Wound Healing Editorial

The article in this issue of The Journal by Beck, Amento, and
colleagues (1) is a landmark in its conceptual approach to the
use of peptide growth factors for experimental wound healing
and presages important clinical applications in the future. As
background, it has been known for more than 10 years that
direct application of peptide growth factors (cytokines) to an
experimental wound will accelerate healing, and the agent used
in the present study, TGF-f3, was one of the first cytokines
shown to be effective for this purpose (2-4).

The present article is conceptually unique in that the au-
thors have shown that direct application of a peptide growth
factor to a wound is not necessary to enhance healing; systemic
administration can be equally effective. The experimental de-
sign has been to use rats whose intrinsic capacity to heal
wounds is defective, either as a result of old age or from treat-
ment with a glucocorticoid, and to make standard dorsal inci-
sional wounds. These rats have been treated intravenously with
a single dose of TGF-f1, while untreated wounded rats have
served as controls. Significantly, TGF-f was effective in en-
hancing healing whether it was given at the time ofwounding, 4
h after wounding, or, most surprisingly, even 24 h before
wounding; this effect was measured either by increased tensile
strength ofthe treated wound 1 wk later, or by increased deposi-
tion of extracellular matrix, particularly collagen.

What are the mechanisms whereby systemic administra-
tion ofTGF-f3, given before the creation ofa wound, can accel-
erate its subsequent healing? Clearly this is a result that could
be of major clinical significance, and further understanding of
its mechanism is therefore needed. To begin, TGF-3 is the pro-
totypical multifunctional cytokine. Its receptors, actions, and
effects are germane to almost every cell in the body involved in
tissue injury and repair. Thus, a-granules of platelets are a
highly concentrated source ofTGF-f3, while macrophages both
react to TGF-,3 with a strong chemotactic response (concentra-
tions as low as 10-15 M are effective) and also secrete several
other cytokines when exposed to TGF-,3. TGF-,3 is also a key
regulatory molecule in the control ofthe activity of fibroblasts.
TGF-f is strongly chemotactic for these cells and regulates
their production ofalmost every known molecule ofthe extra-
cellular matrix, including collagen, fibronectin, tenascin, as
well as the integrins that are the receptors for these molecules.
Furthermore, TGF-f3 blocks the destruction of newly synthe-
sized extracellular matrix by upregulating the synthesis of pro-
tease inhibitors and downregulating the synthesis ofmatrix-de-
grading proteases such as stromelysin and collagenase, and of
hydrogen peroxide. Another highly relevant action ofTGF-f is
its potent ability to induce angiogenesis (5-7).

How are all of these mechanisms brought into play when
TGF-3 is not administered directly to a wound, and in particu-
lar when it is given before the onset ofwounding? This remains
a major question. One important lead is the ability ofTGF-f to
induce its own synthesis, as shown in many studies, both in cell
culture (8) and in vivo (9, 10). Thus, in the present experi-
ments prior injection ofTGF-p may have primed macrophages
and fibroblasts throughout the body to respond more effec-
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tively to a future injury. The initial endocrine action of the
TGF-3 would then be amplified by paracrine and autocrine
mechanisms. Another important process in this regard is the
activation of latent TGF-/3; two proteins that bind either latent
or active TGF-f have recently been shown to participate in the
activation ofthe latent TGF-p complex ( 1 1, 12), and one must
consider whether prior administration ofTGF-# enhances this
process.

Whatever the mechanisms involved, these new studies sug-
gest many important clinical applications. The need for more
adequate treatment of chronic wounds, whether they be dia-
betic ulcers, decubitus ulcers, venous stasis ulcers, or related
lesions, continues. The costs of these conditions to individual
patients and the community as a whole, both in terms of per-
sonal pain and financial loss, are immense. It is indeed a sad
commentary on our health care system that we have yet to find
a successful way to use the immense amount ofnew knowledge
obtained in cytokine research for the prevention of more than
50,000 amputations that are performed each year in diabetic
patients.

Apart from treatment ofchronic wounds, there remains the
possibility to use peptide growth factors for treatment of acute
wounds, particularly in a conventional surgical setting. What
would the savings be to the health care system if we could
shorten the hospital stay of the typical surgical patient by even
one day? The studies reported here suggest that eventually one
might be able to use a cytokine such as TGF-# in a prophylactic
manner, to be given to the elective surgical patient before sur-
gery to ensure the most rapid possible healing. Yet another
prophylactic use of TGF-f to enhance healing would be its
administration to patients with known impaired healing capac-
ity, such as those undergoing high-dose radiation therapy or
chemotherapy, as well as our increasingly aged population. Fur-
ther development of TGF-p for prophylaxis or attenuation of
tissue damage caused by myocardial ( 13) or cerebral ( 14) isch-
emia is also needed; both the myocardial and cerebral infarct
can be viewed as special classes of wounds. Although chronic
exposure to elevated levels of TGF-f may be associated with
undesirable fibrotic reactions ( 15), there is no indication that a
single priming dose of TGF-g is associated with any type of
untoward response. Since TGF-# is one of the critical endoge-
nous cytokines involved in physiological wound healing, such
systemic treatment with TGF-,B would represent a novel ap-
proach to endocrine replacement therapy.

In clinical practice, successful topical use ofTGF-p to heal
localized lesions in the human eye (macular holes) has recently
been shown ( 16). There is now an immense opportunity to
extend this knowledge for wider human application for many
more common debilitating conditions, as well as for more rou-
tine uses. With increasing interest in preventive medicine and
cost containment, TGF-p offers unique mechanisms for pre-
vention of tissue injury and acceleration of its repair. Beck,
Amento, and colleagues ( 1 ) have provided an imaginative and
significant new approach to this problem.

Michael B. Sporn and Anita B. Roberts
Laboratory of Chemoprevention
National Cancer Institute

Use ofGrowth Factors to Enhance Wound Healing 2565



References

I. Beck, L. S., L. DeGuzman, W. P. Lee, Y. Xu, M. W. Siegel, and E. P.
Amento. 1993. One systemic administration ofTGF-# I reverses age or glucocor-
ticoid impaired wound healing. J. Clin. Invest. 92:2841-2849.

2. Sporn, M. B., A. B. Roberts, J. H. Shull, J. M. Smith, J. M. Ward, and J.
Sodek. 1983. Polypeptide transforming growth factors: isolation from bovine
sources and use for wound healing in vivo. Science (Wash. DC). 219:1329-1331.

3. Mustoe, T. A., G. F. Pierce, A. Thomason, P. Gramates, M. B. Sporn, and
T. F. Deuel. 1987. Accelerated healing of incisional wounds in rats induced by
transforming growth factor-,8. Science (Wash. DC). 237:1333-1336.

4. Roberts, A. B., and M. B. Sporn. 1993. Physiological actions and clinical
applications of transforming growth factor-e (TGF-fl). Growth Factors. 8:1-9.

5. Roberts, A. B., M. B. Sporn, R. K. Assoian, J. M. Smith, N. S. Roche, L. M.
Wakefield, U. I. Heine, L. A. Liotta, V. Falanga, J. H. Kehrl, and A. S. Fauci.
1986. Transforming growth factor type beta: rapid induction of fibrosis and an-

giogenesis in vivo and stimulation ofcollagen formation in vitro. Proc. Nati. Acad.
Sci. USA. 83:4167-4171.

6. Yang, E., and H. L. Moses. 1990. Transforming growth factor-#l-induced
changes in cell migration, proliferation, and angiogenesis in the chicken chorioal-
lantoic membrane. J. Cell Biol. 111:731-741.

7. Phillips, G. D., R. A. Whitehead, A. M. Stone, M. W. Ruebel, M. L.
Goodkin, and D. R. Knighton. 1993. Transforming growth factor-,8 (TGF-ft)
stimulation ofangiogenesis: an electron microscopic study. J. Submicrosc. Cytol.
Pathol. 25:149-155.

8. Van Obberghen-Schilling, E., N. S. Roche, K. C. Flanders, M. B. Sporn,

and A. B. Roberts. 1988. Transforming growth factor-#l positively regulates its
own expression in normal and transformed cells. J. Biol. Chem. 263:7741-7746.

9. Quaglino. D., L. B. Nanney, R. Kennedy, and J. M. Davidson. 1990.
Transforming growth factor-y stimulates wound healing and modulates extracel-
lular matrix gene expression in pig skin. I. Excisional wound model. Lab. Invest.
63:307-319.

10. Quaglino, D., L. B. Nanney, J. A. Ditesheim, and J. M. Davidson. 1991.
Transforming growth factor-a stimulates extracellular matrix gene expression in
pig skin: incisional wound model. J. Invest. Dermatol. 97:34-42.

11. Flaumenhaft, R., M. Abe, Y. Sato, K. Miyazono, J. Harpel, C.-H. Heldin,
and D. B. Rifkin. 1993. Role ofthelatentTGF-#bindingprotein in the activation
of latent TGF-# by co-cultures of endothelial and smooth muscle cells. J. Cell
Biol. 120:995-1002.

12. Schultz-Cherry, S. and J. E. Murphy-Ullrich. 1993. Thrombospondin
causes activation of latent transforming growth factor-a secreted by endothelial
cells by a novel mechanism. J. Cell Biol. 122:923-932.

13. Roberts, A. B., M. B. Sporn, and A. M. Lefer. 1993. Cardioprotective
actions of transforming growth factor-,8. Trends Cardiovasc. Med. 3:77-81.

14. Gross, C. E., M. M. Bednar, D. B. Howard, and M. B. Sporn. 1993.
Transforming growth factor-Ial reduces infarct size after cerebral ischemia in a
rabbit model. Stroke 24:558-562.

15. Border, W. A., and E. Ruoslahti. 1992. Transforming growth factor-a in
disease: the dark side of tissue repair. J. Clin. Invest. 90:1-7.

16. Glaser, B. M., R. G. Michels, B. D. Kuppermann, R. N. Sjaarda, and R. A.
Pena. 1992. Transforming growth factor-,82 for the treatment of full-thickness
macular holes. Ophthalmology. 99:1162-1173.

2566 M. B. Sporn and A. B. Roberts


