
10. Holland AJ, Martin HC, Cass DT. Laser Doppler imaging prediction of burn wound
outcome in children. Burns. 2002;28(1):11-17.

11. Jeng JC, Bridgeman A, Shivnan L, et al. Laser Doppler imaging determines need
for excision and grafting in advance of clinical judgment: a prospective blinded
trial. Burns. 2003;29(7):665-670.

12. Barachini P, Vezzoni GM, Palombo C, Franzoni F, Bigalli G. Skin blood flow pat-
tern in burns outcomes. Burns. 2004;30(4):312-316.

13. Hemington-Gorse SJ. A comparison of laser Doppler imaging with other measure-
ment techniques to assess burn depth. J Wound Care. 2005;14(4):151-153.

14. Asahara T, Murohara T, Sullivan A, et al. Isolation of putative progenitor endo-
thelial cells for angiogenesis. Science. 1997;275(5302):964-967.

15. Losordo DW, Dimmeler S. Therapeutic angiogenesis and vasculogenesis for ische-
mic disease, part II: cell-based therapies. Circulation. 2004;109(22):2692-2697.

16. Dimmeler S, Aicher A, Vasa M, et al. HMG-CoA reductase inhibitors (statins) in-
crease endothelial progenitor cells via the PI 3-kinase/Akt pathway. J Clin Invest.
2001;108(3):391-397.

17. Vasa M, Fichtlscherer S, Aicher A, et al. Number and migratory activity of circu-
lating endothelial progenitor cells inversely correlate with risk factors for coro-
nary artery disease. Circ Res. 2001;89(1):e1-e7 doi:10.1161/hh1301.093953.

18. Gill M, Dias S, Hattori K, et al. Vascular trauma induces rapid but transient mo-
bilization of VEGFR2�AC133� endothelial precursor cells. Circ Res. 2001;88
(2):167-174.

19. Fox A, Smythe J, Fisher N, et al. Mobilization of endothelial progenitor cells into
the circulation in burned patients. Br J Surg. 2008;95(2):244-251.

20. Light TD, Jeng JC, Jain AK, et al. The 2003 Carl A. Moyer Award: real-time meta-
bolic monitors, ischemia-reperfusion, titration endpoints, and ultraprecise burn
resuscitation. J Burn Care Rehabil. 2004;25(1):33-44.

21. Hirsch T, von Peter S, Dubin G, et al. Adenoviral gene delivery to primary human
cutaneous cells and burn wounds. Mol Med. 2006;12(9-10):199-207.

22. Kobayashi M, Yoshida T, Takeuchi D, et al. Gr-1�CD11b� cells as an accelerator
of sepsis stemming from Pseudomonas aeruginosa wound infection in ther-
mally injured mice. J Leukoc Biol. 2008;83(6):1354-1362.

23. Mizutani A, Enkhbaatar P, Esechie A, et al. Pulmonary changes in a mouse model
of combined burn and smoke inhalation–induced injury. J Appl Physiol. 2008;
105(2):678-684.
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INVITED CRITIQUE

The Future of CACs in Wound Healing

T his seminal article by Zhang et al demonstrates
the crucial role of CACs in delayed healing in
general and in burns in particular. This report

advances research in the wound field in that it provides
a unique model that demonstrates a similar physiologic
response of CACs in burned mice and in human pa-
tients with burn injuries. Despite the dissimilarities in
magnitude and duration of CAC mobilization between
the 2 populations, the authors demonstrate the impor-
tance of the study of CAC mobilization in the experi-
mental and human groups.

Zhang and colleagues have developed a superior burn
wound–healing model that correlated angiogenic re-
sponse to the depth of the burn. By precisely regulating
burn depth, they found a delay in mobilization of CACs,
exemplified by the progressive decrease in peak mobili-
zation correlated with increasing burn duration. This
model allows researchers in the field to investigate the
contribution of injury not only to direct tissue destruc-
tion but also to its effect on wound angiogenesis. This is
demonstrated by the significant immunohistochemical
finding of decreased numbers of CD31- and SMA-
positive vessels observed with increased burn duration.

Experimental models have previously demonstrated
the contribution of CACs in the repair of endothelial func-
tion and reduced neointimal formation after arterial in-
jury. In one study,1 lipopolysaccharide-induced endo-
thelial injury in rats demonstrated a 40% decrease in
endothelial cells, which returned to normal after 24 hours.
This finding was correlated with a 3-fold increase in the
percentage of CACs, supporting the hypothesis that en-
dothelial injury caused by inflammation activates CAC
mobilization. Although the mechanisms of activation and
mobilization have yet to be fully elucidated in humans,
it is evident that CACs maintain a crucial role in the in-
flammatory response through their effect on angiogen-
esis and vascular repair.2

Although extensively studied in the cardiovascular and
burn fields, the contribution of CAC advances has the

potential to be applicable to multiple types of wounds
in which decreased angiogenesis is present, such as dia-
betic3 and ischemic4 ulcers. Furthermore, no biological
treatment is currently available for pressure ulcers in the
United States. Because these wounds have been associ-
ated with ischemic injury and the subsequent cytokine
response,5 they may very well benefit clinically from CACs.

One unanswered question concerns the most opti-
mal method for stimulating CAC mobilization at the site
of the wound in patients to increase the angiogenic and
healing response. Future work will be needed to bring
angiogenic cell therapy to the clinic for burn-injured pa-
tients and potentially other patients with chronic wounds.
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