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Epigenetic regulations on skin wound healing: implications from

current researches
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Skin wound healing is a complex biological process
including three stages: inflammation, new tissue formation,
and remodeling (1). During this process, keratinocytes
and dermal cells proliferate and migrate to the wound to
participate in the repair, followed in larger wound healing
by trichogenesis.

Epigenetics is defined as the study of changes in gene
function that are mitotically and/or meiotically heritable
and that do not entail a change in DNA sequence (2).
Epigenetic regulation is very important for embryonic stem
cell pluripotency and differentiation, but its roles in adult
stem cells, especially skin stem cells participating in wound
repair, are largely unclear. To answer this question, a recent
paper by Plikus et al. reviewed epigenetic control of skin
and hair regeneration after wounding (3).

The authors reviewed the epigenetic changes at the wound
edge after full thickness punch published in an article by
Shaw and Martin [2009]. After the injury, PRC2 components
Ezb2 and Eed were rapidly and stably downregulated even
after complete reepithelialization and, concomitantly,
histone demethylases Utx and 7mjd3 were transiently
upregulated in early wounding, so that the chromatin can
be transformed into an “open” state. Nevertheless, Lewis
et al. find that histone deacetylases HDAC1 and HDAC2
are expressed in human migrating wound epithelial tongue
during skin regeneration (4), indicating, combined with the
reviewed data that HDAC1/2”" mouse showed complete
disruption of epidermal and hair follicle development,
the tight epigenetic control of the chromatin structure
during this process. Ezhkova et 4/. found that the deletion
of H3K27 methyltransferases Ezbhl and Ezh2 arrested
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hair follicle morphogenesis, and hair follicles degenerated
due to defective proliferation and increased apoptosis;
Ezh1/2-null skin also showed slow wound closure during
the repair (5). Compared with controls, mice treated with
DNA methyltransferase (DNMT) inhibitor 5-aza-2'-
deoxycytidine and HDAC inhibitor trichostatin A showed
enhanced digital regeneration after digital amputation
because of stimulated cell proliferation at the amputation
site (6), implicating the effect of epigenetic regulation on
cell proliferation during wound healing.

As the authors point out, there are many works focusing
on the epigenetic mapping and functional studies of
homeostatic skin stem cells (7), but less on that of stem cells
in wound healing. Ito ez 4/. [2005] find that after epidermal
injury, hair follicle bulge stem cells are recruited, migrate
in a linear manner toward the center of the wound and
acquire an epidermal phenotype but are finally eliminated
from the epidermis over several weeks, indicating that
bulge stem cells respond rapidly to epidermal wounding
by generating short-lived “transient amplifying” cells
responsible for acute wound repair (8). The epigenetic
changes from “stemness” to “transient amplifying” status
are not yet unveiled. Their following work finds that after
full-thickness back skin excision, hair follicles regenerated
at the healed wound in genetically normal adult mice.
However, evidence reveals that the regenerated hair
follicles are derived from the non-bulge stem cells but
possess a functional stem cell population (9). Further
investigation is also needed to elucidate the reason why
these epidermal cells in the wound assume a hair follicle
stem cell phenotype. In another hand, our and others
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works found that using silicon chamber, hair follicle stem
cells mixed with dermal fibroblasts reconstituted haired
skin (10,11), demonstrating that besides hair follicle
regeneration, hair follicle stem cells possess the capacity
to differentiate into epidermal cells. Taken these works
together, from the standpoint of epigenetics, it could be
assumed that between hair follicle stem cells and epidermal
cells, there may be a balance of epigenetic modification,
according to the extent of which, specific gene loci are in
“open” or “compact” pattern under different physiological
and pathological conditions, therefore expression of genes
are regulated and then cells are categorized into different
types, exhibiting different functional phenotype.

Because of the paucity of researches on this area,
the authors discussed the myofibroblast induction,
which is helpful for understanding dermal remodelling.
Fibrogenesis is a critical step during which the scar tissue
is formed to prevent further damage and microorganism
infection. Myofibroblasts play a central role in wound
contraction and fibrosis. They are rare in uninjured tissues
but are generated in response to trauma, inflammation or
infection (12). Glenisson et 4/. found that HDAC4 is required
for transforming growth factor beta-1 (T'GFB-1)-mediated
transdifferentiation from fibroblasts to myofibroblasts (13).
In addition to pericytes and dermal fibroblasts discussed,
evidences demonstrate that fibrocytes are likely an origin
of myofibroblasts (14,15).

It is also worth noting that angiogenesis is one of the key
processes of skin wound repair. Vascular endothelial growth
factor (VEGF) signaling, which is critical for vascular
morphogenesis, is under epigenetic regulation. HDAC
inhibitors trichostatin A and suberoylanilide hydroxamic
acid showed anti-angiogenic effect through altering VEGF
signaling (16); and VEGF-mediated down-regulation
of miR-101 causes angiogenic effects through reduced
repression of Ezh2 (17).

Epigenetic control in cancer initiation is also reviewed
because physiological process of wound healing shares some
similarities with cancer metastasis. In fact, evidences have
proved that wounding stimulates hair follicle stem cells to
participate and promote the growth of basal cell carcinoma
(BCC) (18,19). BCCs are associated with misactivation
of Hedgehog (Hh) signaling. Wong and Reiter find that
expression of an activated form of Smo by stem cells of
the hair-follicle bulge and secondary hair germ does not
induce robust Hh signaling or produce BCCs, however,
wounding recruits hair follicle stem cells from the follicle to
the wound site, where downstream Hh signal transduction
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is derepressed, giving rise to BCC-like tumors (19). Given
that hair follicle stem cells participate in wound repair, there
is a considerable possibility that their behaviors are tightly
controlled by epigenetic regulation, and those stem cells out
of control may lead to carcinomas.

Acknowledgements

We gratefully acknowledge the financial support from
the Strategic Priority Research Program of the CAS
XDA01010202 (to E. Duan) and NSFC grant 31471287 (to
E. Duan).

Footnote

Provenance: This is a Guest Editorial commissioned by
the Section Editor Jianhong Long, MD (Department of
Aesthetic Plastic Surgery, Central South University Xiangya
Hospital, Changsha, China).

Conflicts of Interest: The authors have no conflicts of interest
to declare.

References

1.  Gurtner GC, Werner S, Barrandon Y, et al. Wound repair
and regeneration. Nature 2008;453:314-21.

2. Dupont C, Armant DR, Brenner CA. Epigenetics:
definition, mechanisms and clinical perspective. Semin
Reprod Med 2009;27:351-7.

3. Plikus MV, Guerrero-Juarez CF, Treffeisen E, et al.
Epigenetic control of skin and hair regeneration after
wounding. Exp Dermatol 2015;24:167-70.

4. Lewis CJ, Mardaryev AN, Sharov AA, et al. The
Epigenetic Regulation of Wound Healing. Adv Wound
Care (New Rochelle) 2014;3:468-75.

5. Ezhkova E, Lien WH, Stokes N, et al. EZH1 and EZH?2
cogovern histone H3K27 trimethylation and are essential
for hair follicle homeostasis and wound repair. Genes Dev
2011;25:485-98.

6. Wang G, Badylak SF, Heber-Katz E, et al. The effects of
DNA methyltransferase inhibitors and histone deacetylase
inhibitors on digit regeneration in mice. Regen Med
2010;5:201-20.

7.  Lien WH, Guo X, Polak L, et al. Genome-wide maps of
histone modifications unwind in vivo chromatin states of
the hair follicle lineage. Cell Stem Cell 2011;9:219-32.

8. ItoM, LiuY, Yang Z, et al. Stem cells in the hair follicle

bulge contribute to wound repair but not to homeostasis

www.atmjournal.org Ann Transl Med 2015;3(16):227



Annals of Translational Medicine, Vol 3, No 16 September 2015

10.

11.

12.

13.

14.

of the epidermis. Nat Med 2005;11:1351-4.

Ito M, Yang Z, Andl T, et al. Wnt-dependent de novo hair
follicle regeneration in adult mouse skin after wounding.
Nature 2007;447:316-20.

Zhang S, Hu H, Zhang H, et al. Hair follicle stem

cells derived from single rat vibrissa via organ culture
reconstitute hair follicles in vivo. Cell Transplant
2012;21:1075-85.

Blanpain C, Lowry WE, Geoghegan A, et al. Self-renewal,
multipotency, and the existence of two cell populations
within an epithelial stem cell niche. Cell 2004;118:635-48.
Mann J, Mann DA. Epigenetic regulation of wound
healing and fibrosis. Curr Opin Rheumatol 2013;25:101-7.
Glenisson W, Castronovo V, Waltregny D. Histone
deacetylase 4 is required for TGFbetal-induced
myofibroblastic differentiation. Biochim Biophys Acta
2007;1773:1572-82.

Schmidt M, Sun G, Stacey MA, et al. Identification

of circulating fibrocytes as precursors of bronchial
myofibroblasts in asthma. ] Immunol 2003;171:380-9.

Cite this article as: Zhang S, Duan E. Epigenetic

regulations on skin wound healing: implications from current
researches. Ann Transl Med 2015;3(16):227. doi: 10.3978/
jissn.2305-5839.2015.07.12

© Annals of Translational Medicine. All rights reserved.

15.

16.

17.

18.

19.

www.atmjournal.org

Page 3 of 3

Yang L, Scott PG, Giuffre ], et al. Peripheral blood
fibrocytes from burn patients: identification and
quantification of fibrocytes in adherent cells cultured
from peripheral blood mononuclear cells. Lab Invest
2002;82:1183-92.

Deroanne CF, Bonjean K, Servotte S, et al., Histone
deacetylases inhibitors as anti-angiogenic agents altering
vascular endothelial growth factor signaling. Oncogene
2002;21:427-36.

Smits M, Mir SE, Nilsson R], et al. Down-regulation

of miR-101 in endothelial cells promotes blood vessel
formation through reduced repression of EZH2. PLoS
One 2011;6:16282.

Kasper M, Jaks V, Are A, et al. Wounding enhances epidermal
tumorigenesis by recruiting hair follicle keratinocytes. Proc
Natl Acad Sci U S A 2011;108:4099-104.

Wong SY, Reiter JE. Wounding mobilizes hair follicle
stem cells to form tumors. Proc Natl Acad Sci U S A
2011;108:4093-8.

Ann Transl Med 2015;3(16):227



