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Abstract
Hypoxia resulting in hypoxia-inducible factor-1 alpha (HIF-1α) induction is known to drive scar formation during cutaneous
wound healing, and may be responsible for excessive fibrosis inherent to hypertrophic scars and keloids. Because epigenetic
pathways play an important role in regulation of fibrosing processes, we evaluated patient scars for DNA
hydroxymethylation (5-hydroxymethylcytosine; 5-hmC) status and documented a significant decrease in scar fibroblasts.
To test this finding in vitro, human fibroblasts were cultured with cobalt chloride (CoCl2), a known stimulant of HIF-1α.
HIF-1α induced so resulted in loss of 5-hmC similar to that seen in naturally occurring scars and was associated with
significant downregulation of one of the 5-hmC converting enzymes—ten–eleven translocation 3 (TET3)—as well as
increased expression of phosphorylated focal adhesion kinase (p-FAK), which is important in wound contracture. These
changes were partially reversed by exposure to ascorbic acid, a recognized epigenetic regulator potentially capable of
minimizing excessive scar formation and promoting a more regenerative healing response. Our results provide a novel and
translationally relevant mechanism whereby epigenetic regulation of scar formation may be manipulated at the level of
fibroblast DNA hydroxymethylation.

Introduction

Wounds heal postnatally by forming scars in which differ-
entiation programs are restricted to the formation of myo-
fibroblasts that collaborate to form a contractile syncytium,
and ultimately the genesis of collagen-secreting fibroblasts
[1, 2]. The result is a non-regenerative patch that does not
express many of the original functions of the damaged

tissue and that may be cosmetically unattractive, particu-
larly in the setting of hypertrophic scar and keloid formation
[3]. Although knowledge of the precise mechanisms
responsible for scar formation remain as yet incomplete,
hypoxia has been shown to play an important role in the
generation of hypertrophic scars [4]. Moreover, the partial
pressure of oxygen (pO2) is significantly decreased in scar
tissue in comparison to normal human dermis [5]. Hypoxia-
inducible factor-1 alpha (HIF1α) is an important determi-
nant of cellular responses to oxygen deprivation [6, 7], and
HIF1α protein levels are known to be elevated in keloid
tissue due to oxygen deprivation [8, 9]. The potential role of
hypoxia in the induction of the differentiation-restricted
myofibroblast/fibroblast that typifies scar formation has not
as yet been fully explored, particularly in the context of
genetic and epigenetic regulators of cellular plasticity that
would be required for non-cicatricial regenerative healing
responses [10].

Globally, scar formation is regulated by genetic and
epigenetic influences. Epigenetic regulation involves three
main mechnisms: DNA methylation/hydroxymethylation,
histone modification, and non-coding RNAs [11]. Epige-
netic modifications refer to potentially heritable alterations
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without changes in DNA sequence [12]; they are often
reversible and therefore subject to experimental and ther-
apeutic manipulation. DNA methylation/hydroxymethyla-
tion plays a vital role in maintaining normal cell types and
tissue functions. In the process of DNA methylation, DNA
methyltransferases (DNMTs) first form 5-methylcytosine
from cytosine, with subsequent demethylation of 5-
methylcytosine to 5-hydroxymethylcytosine (5-hmC) by
the ten-eleven translocation (TET) family of enzymes
(TET1–3) through addition of a hydroxyl group. 5-hmC,
which is found in a variety of normal tissues and cell types,
is an important epigenetic marker known to govern fibro-
blast plasticity [13]. Previous studies have implicated DNA
methylation events in the differentiation of keloid-
producing myofibroblasts and fibroblasts [14, 15]. Fur-
thermore, DNA methylation is involved in fibrosing dis-
orders of the liver, lungs, and heart [16]. Of potential
relevance, loss of 5-hmC has been found in melanoma as
well as in many other cancer cell types [17, 18], all pro-
cesses involving cell proliferation in response to hypoxia
[19]. In forming scar tissue, tumor-related genes may also
be mutated or overexpressed in fibroblasts [20–22].
Accordingly, this study was undertaken to test the hypoth-
esis that abnormalities in DNA hydroxymethylation may
also characterize the formation of cutaneous scars.

Materials and methods

Immunohistochemical staining of human scar tissue

This study was conducted with approval of the Institutional
Review Board of Brigham and Women’s Hospital, Harvard
Medical School. Deidentified scar tissue specimens (n= 10;
including hypertrophic scars), and normal skin control
specimens (n= 10) were retrieved from the archives of the
Department of Pathology at Brigham and Women’s Hos-
pital. Hematoxylin and eosin (H&E) staining was per-
formed for histological evaluation. For 5-hmC
immunohistochemical (IHC) staining, tissue sections were
deparaffinized and blocked according to a established pro-
tocols [17]. Antigen retrieval was accomplished with
DAKO Target Antigen Retrieval solution in a pressure
cooker, as previously published [17]. Slides were incubated
overnight at 4 °C with primary anti-5-hmC antibody
(1:1500, Cat No. 39769, Active Motif, Carlsbad, CA). The
slides were then incubated for 1 h at room temperature with
peroxidase-conjugated secondary goat anti-rabbit IgG
(1:200, Cell signaling, Danvers, MA) followed by devel-
opment of chromogenic substrate for 3 min and counter-
stained with hematoxylin. Slides were mounted with
Permount™, covered with a coverslip, and observed under
a microscope. Evaluation of 5-hmC staining was analyzed

using the following scoring system for evaluation of dermal
spindle cells: 0 (no staining), 1+ (weak and incomplete
nuclear staining), 2+ (strong, complete nuclear staining in
<30% of cells or weak/moderate heterogeneous nuclear
staining in more than 10% of cells), and 3+ (strong com-
plete homogenous nuclear staining in 30% or more of cells)
[23]. Counting and scoring were done by three pathologists
blinded who were previously trained in the HER2 scoring
system.

Cell culture

Human dermal fibroblast cells were purchased from ScienCell
(Cat No. 2320, ScienCell, Carlsbad, CA). DMEM–Dulbec-
co’s Modified Eagle Medium supplemented with 10% fetal
bovine serum (FBS), 50 U/ml penicillin, and 50mg/ml
streptomycin (Cat No. 15140–122, Thermo Fisher Scientific,
Waltham, MA) was used as a complete media. Cells were
cultured in an incubator with 5% CO2 at 37 °C.

Hypoxia and ascorbic acid treatment

To mimic hypoxic conditions, the fibroblasts were treated
with cobalt chloride (CoCl2) (Cat No. C8661–25G, Sigma-
Aldrich, St. Louis, MO) in different concentrations at 100
and 200 μM for 24 h. The cells were then treated with
ascorbic acid (AA) (Cat. No. BP351–500, Thermo Fisher
Scientific Waltham, MA) for another 24 h at 100 μM. There
were two control groups: cells which received no treatment
as a negative control and cells treated only with ascorbic
acid for 24 h. Treatments were completed in the incubator
with 5% CO2 at 37 °C, and experiments were repeated three
times.

Western blot analysis

Cells were collected and lysed with 100 μl lysis buffer
(100 mM Tris PH 6.8, 2% SDS and 12% glycerinum) on
ice. The cell lysates were then sonicated and centrifuged at
12,000 rpm for 25 min. A BCA kit (Thermo Scientific,
Waltham, MA) was used to collect supernatants and detect
protein concentration. Cell lysates were added with loading
buffer and heated at 100 °C for 5 min, and centrifuged to
obtain protein which was then electrophoresed in running
buffer on Mini-protean® TGXTM Precast Gel (Bio-Rad,
Hercules, CA) and transferred to Nitrocellulose membranes
in transfer buffer. Membranes were blocked in PBS con-
taining 5% non-fat dry milk and 0.1% Tween 20 at room
temperature for 1 h. Primary antibodies—HIF-1α (1:1000,
Cat No. 458400, Invitrogen, Carlsbad, CA), TET3 (1:1000,
Cat No. GTX121453, Gene Tex, Irvine, CA), p-FAK and
FAK (1:1000, Cat No. 8556P, Cat No. 3285P, Cell sig-
naling, Danvers, MA)—were immunoblotted at 4 °C
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overnight on a shaker. After washing with PBS Tween20
for 5 min and repeating three times, the membrane was then
incubated with goat anti-mouse and goat anti-rabbit IgG-
HRP (1:2000, Cat No. 7076V, 7074V, Cell Signaling,
Danvers, MA) separately for 1 h at room temperature.
Exposure of protein band and densitometry measurement
were completed by ChemiDOCTM XRS+ with Image Lab
system (Bio-Rad, Hercules, CA).

Real-time polymerase chain reaction

After treatment with CoCl2 and ascorbic acid, experimental and
control cells were collected for total RNA extraction using a
RNeasy® mini kit (Cat No. 74104, Qiagen, Hilden, Germany)
according to the manufacturer’s protocol. The RNA con-
centration was measured using a NanoDrop spectrophotometer
(Thermo Fisher Scientific, Waltham, MA). Purified RNA from
fibroblasts was reverse transcribed by adding RNA sample
1 μg, 5× reverse transcriptase reaction mix (Cat No. 1708840,
Bio-Rad, Hercules, CA) with RNase-free water to constitute
the 20 μl cDNA synthesis reaction. T100TM PCR system (Bio-
Rad, Hercules, CA) was used for cDNA synthesis according to
protocol. Then the cDNA reaction products were mixed with
forward and reverse primers. The primers used for target genes
were: human TET3 forward: 5′-CGATTGCGTCGAACAA
ATAG-3′ and reverse: 5′-CTCCTTCCCCGTGTAGATGA-3′;
human PTk2(FAK) forward: 5′-GCGCTGGCTGGAAAAAG
AGGAA-3′ and reverse: 5′-TCGGTGGGTGCTGGCTG
GTAGG-3′; housekeeping gene GAPDH forward: 5′-CT
CCTCCTGTTCGACAGTCAGC-3′ and reverse: 5′-CCATG-
GAATTTGCCATGGGTGG-3′; and housekeeping gene 18s
forward: 5′-GTAACCCGTTGAACCCCATT-3′ and reverse:
5′-GGCCTCACTAAACCATCCAA-3′. For each sample, 1 µl
cDNA was mixed with 10 µl Power SYBR®Green Master Mix
(Cat No.172–5121, Bio-Rad, Hercules, CA) and 8 µl RNase-
free water containing 1 µl primers for a total volume of 20 µl.
Semiquantitative real-time polymerase chain reaction (qPCR)
was performed by CFX96 real-time PCR detection system
(Bio-Rad, Hercules, CA) with Bio-Rad CFX manager software
(Bio-Rad, Hercules, CA). All samples for qPCR reactions were
run in triplicate. Fold-change in RNA levels was calculated
using the 2−ΔΔCt method.

5-hmC dot blot and capture

DNA was extracted by QIAamp® DNA Mini Kit Cells pellet
according to the protocol provided. DNA concentration was
determined by a NanoDrop spectrophotometer (Thermo
Fisher, Waltham, MA). After sonicating DNA into ∼200 bp
size on a Mosonix Sonicator (LabX), DNA samples were
diluted to 50 ng/µl using a DE buffer to three decreasing
concentrations of 200, 100 and 50 ng/µl, respectively.
Samples were placed in a 96-well plate with 20 µl 1M

NaOH/25mM EDTA per well at 95℃ for 10 min by Bio-
Rad Thermal cycle and put on ice immediately. Then 50 µl
2M iced ammonium acetate was added to each well. A Bio-
Dot SF Microfiltration Apparatus (Bio-Rad, Hercules, CA)
was set up with nitrocellulose membranes and connected to
negative pressure. Denatured DNA was added to the wells
and DNA was fixed to the membrane by UV 2400 for 10
min. The membrane was blocked with 5% non-fat milk for
1 h and incubated overnight with anti-5-hmC antibody
(1:2000, Cat No.39769, Active Motif, Carlsbad, CA). The
membrane was then incubated for 1 h with goat anti-mouse
IgG-HRP (1:2000, SC-2031, Cruz Marker, Dallas, TX). The
membrane was hybridized with 0.02% methylene blue for
10 min to stain DNA. To determine the DNA expression of
5-hmC, band exposure and densitometry measurement were
completed by ChemiDOCTM XRS+ and Image Lab system
(Bio-Rad, Hercules, CA).

Immunofluorescence staining

For immunocytochemistry, cells were fixed in 100% acet-
one for 15 min and washed with PBS-Tween20 three times.
Cells were permeabilized with 0.5% Triton X-100 in PBS
for 15 min. For 5-hmC staining, sections were incubated in
4 N HCl at room temperature for 30 min, then neutralized
with 100 mM Tris-HCl (pH 8.5) for 15 min, and finally
followed by 1% BSA blocking at room temperature for 1 h.
For p-FAK and F-actin staining, sections were blocked with
1% BSA after being permeabilized. Then cells were incu-
bated with primary antibodies for 2 h at 37 °C, and sec-
ondary antibodies for 1 h at room temperature. Primary
antibodies were used as follows: anti-5-hmC (1:1500, Cat
No. 39769, Active Motif, Carlsbad, CA), p-FAK (1:100,
Cat No. 3285P, Cell signaling, Danvers, MA), F-actin
(1:100, Cat No. Ab130935, Abcam, Cambridge, UK).
Secondary antibodies were anti-rabbit Alexa Fluor 594
(1:2000, Cat No. A11037, Invitrogen, Carlsbad, CA) and
anti-mouse IgM FITC (1:2000, Cat No. 553437,
Bioscience, Billerica, MA). After incubation with anti-
bodies, sections were washed and stained with DAPI (Cat
No. P36935, Invitrogen, Carlsbad, CA). Slides were
observed by immunofluorescence microscopy and images
were captured by Cytovision software (Wetzlar, Germany).

Statistical analysis

To compare differences between groups with different
treatments. One-way ANOVA analysis of variance fol-
lowed by Bonferroni’s multiple comparisons test was per-
formed using GraphPad Prism software (GraphPad Prism
version 6.00, GraphPad Software, USA). Statistical sig-
nificance was set as p value < 0.05. All data were presented
as means ± standard deviation (SD).
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Results

Human scar fibroblasts show loss of 5-hmC

In contrast to normal control skin (Fig. 1a–c), patient scars
(both conventional surgical scars and hypertrophic scars;
Fig. 1f–j) showed variable epidermal architecture, hyper-
cellular dermis with increase in compacted collagen bundles
(highlighted by trichrome staining; Fig. 1b, g), and sig-
nificantly less 5-hmC nuclear immunoreactivity in dermal
fibroblasts than in randomly oriented fibroblasts in the
normal human dermis (Fig. 1i, j vs d, e). An immunohis-
tochemistry scoring system was used for 5-hmC expression
evaluation (Fig. 1k). These findings suggested a role for loss
of DNA hydroxymethylation in cutaneous scar formation, a
process known to be associated with fibroblast hypoxia.

Effect of CoCl2 and ascorbic acid on fibroblast
cytomorphology and HIF-1α expression

Exposure of cultured human dermal fibroblasts to CoCl2
resulted in changes in subtle cell morphology that consisted
of a decrease in culture density and more variability in cell
contour to include less spindled, plumper cytomorphology
(Fig. 2a). HIF-1α induction by CoCl2 was confirmed by
western blotting (Fig. 2b, c). Addition of ascorbic acid to
cultures resulted in partial reversal of these

cytomorphologic alterations and a decrease in HIF-1α
expression (Fig. 2a–c). These findings supported the spe-
cificity of the effect of CoCl2 in the induction of hypoxia,
and suggested that related cytomorphologic alterations may
affect cell adhesion or cytoskeletal integrity. Further eva-
luation using Western blotting of effects of CoCl2 and
ascorbic acid on the TET enzyme family revealed a
decrease in TET3 protein expression as a result of CoCl2
treatment, with partial to complete reversal of these effects
by ascorbic acid (Fig. 2d, e), further suggesting a role for
the TET/5-hmC axis in scar formation.

CoCl2 and ascorbic acid alter fibroblast 5-hmC and
TET3 expression

By immunofluorescence staining and dot-blot, fibroblast
5-hmC was significantly reduced in the 100 and 200 µM
CoCl2 concentration range (Fig. 3a–c), and these changes
were reversed by ascorbic acid. To further explore the
possible role of TET family enzymes in hypoxia-induced
5-hmC loss, we examined TET transcriptional status
using qRT-PCR. TET3 mRNA, but not TET1 or TET2
(data not shown), was diminished in association with
CoCl2-induced HIF-1α, and this effect was also reversed by
ascorbic acid (Fig. 3d). These findings supported TET
protein expression data as obtained by western blotting (see
Fig. 2d, e).

Fig. 1 Immunohistochemical (IHC) staining for 5-hmC in clinical
samples. a, c Normal skin stained by H&E and b trichrome revealing
interlacing collagen bundles; f, h H&E and g trichrome-stained
hypertrophic scar showing hypercellular dermis with randomly-

oriented, tightly packed collagen bundles. d, e Normal skin fibroblasts
by IHC with strong nuclear 5-hmC reactivity compared to i, j fibro-
blasts in hypertrophic scars (inset in j= positive internal control
eccrine gland; k= quantitative comparison)
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Fig. 2 Cultured human fibroblasts exposed to CoCl2. a Phase contrast
of fibroblasts exposed to 100 and 200 µM of CoCl2; subtle alterations
in cytomorphology consist of less cellular monolayers formed by
slightly plumper, less spindled cells. b, cWestern blots show increased

HIF-1α and d, e decreased TET3 protein expression as a result of
CoCl2 treatment, and partial to complete reversal of these effects by
ascorbic acid (AA). (***p < 0.05; ns= no significance)
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Ascorbic acid inhibits p-FAK expression in hypoxic
fibroblasts

To investigate the possible involvement of FAK/phos-
phorylated FAK (p-FAK) in this pathway, we used qRT-

PCR and Western blotting to confirm increased expression
in association with induction of fibroblast hypoxia. We
found increased p-FAK mRNA and protein under hypoxic
conditions, which was further confirmed by dual immuno-
fluorescence staining for F-actin and p-FAK (Fig. 4a–d).

Fig. 3 Effects of CoCl2 and AA treatment of human fibroblasts on 5-
hmC. a Immunofluorescence (IF) staining (red – 5-hmC, blue=
DAPI) and b, c dot blot, showing CoCl2-induced decrease in 5-hmC

DNA is restored by AA treatment that also results in d upregulation of
TET3 mRNA by qRT-PCR. (**p < 0.05; ***p < 0.001; ns= no
significance)
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Fig. 4 Effects of CoCl2 and AA treatment of human fibroblasts on
phosphorylated focal adhesion kinase (p-FAK) expression. a Dual
immunofluorescence (IF) staining for F actin (green) and p-FAK (red
dots; blue=DAPI). b, c Western blot showing CoCl2 (hypoxia)-

induced increase in ratio of p-FAK over total FAK expression, and
d in FAK mRNA expression by qRT-PCR, as well as inhibition of this
effect by AA (***p < 0.05; ns= no significance)
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These findings were reversed by treatment with ascorbic
acid (Fig. 4b–d). In summary, the aggregate data suggest
that hypoxic conditions that impact the TET3/5-hmC
pathway also influence FAK in a manner to promote a
phenotype seen in scar formation, and that epigenetic reg-
ulators such as ascorbic acid are capable of at least partially
reversing such events.

Discussion

In this study, we have shown that (1) 5-hmC is lost in
human scar fibroblasts; (2) similar 5-hmC loss is experi-
mentally inducible in cultured fibroblasts in vitro via CoCl2-
induced hypoxia (confirmed by HIF-1α elevation); (3)
5-hmC loss in hypoxic fibroblasts is associated with TET3
depletion and increased expression of FAK; and (4) these
effects are at least partially diminished by ascorbic acid,
thus providing a potential epigenetic mechanism of action
for this agent.

Epigenetic modifications participate in multiple fibrosing
disorders [24, 25], and DNA methylation plays an important
role in maintaining cell types and function in scar forma-
tion. During the process of DNA demethylation, TET
enzymes convert 5-mC to 5-hmC, utilizing Fe2+ and oxy-
gen as co-factors and α-ketoglutarate as a co-substrate. The
TET family includes three different members: TET1, TET2
and TET3 [26]. It is known that mutations involving TET
enzymes are important in cancer, and that TET expression is
significantly reduced under conditions of tumor-related
hypoxia [27, 28]. However, the effect of hypoxia on TET
enzymes may be cell-type specific [27–30], and 5-hmC
regulation during hypoxic conditions may relate to one or
more of the members of the TET family, depending on the
cellular processes that are affected. In our study, we provide
evidence of 5-hmC loss in both conventional and hyper-
trophic scars, and demonstrate that this event may be
experimentally replicated through induction of fibroblast
hypoxia. In addition, the evidence suggests that unlike 5-
hmC loss in melanoma, which relates to TET2 deficiency
[17], 5-hmC loss in scar formation appears to be more
dependent on TET3. Thus, experimental induction of
hypoxic conditions, as naturally occurs in scar formation,
also resulted in 5-hmC loss that may be linked to effects on
upstream TET3 [4, 30].

We noted that p-FAK was increased in association with
hypoxia-induced 5-hmC loss in fibroblasts in vitro. FAK is
a non-receptor protein tyrosine kinase which is capable of
regulating cell adhesion, migration and growth [31]. It has
been shown to be involved in integrin signaling and is
overexpressed in numerous tumors [32, 33]. Previous stu-
dies have shown that mechanical loading after injury
induces fibroblast-matrix interactions involving activated

FAK and resulting in skin fibrosis via the FAK-ERK-MCP1
pathway [34]. Moreover, suppression of FAK using RNA
interference approaches has been shown to inhibit hyper-
trophic scar fibroblast proliferation [35]. Our study found
that fibroblast p-FAK was increased when HIF-1α
increased, indicating that the phosphorylation of FAK
may be activated by hypoxic conditions, in accordance with
previous studies [36]. Although one prior study has
demonstrated that TET1 knockdown activates FAK, the
relationship between FAK and TET3 remains unclear [37].
Overall, while activating alterations in FAK are likely to
contribute to fibrosis, they are unlikely to be exclusively the
result of changes in the 5-hmC/TET3 axis.

Ascorbic acid has been reported to promote wound
healing while inhibiting scar formation [38]. In embryonic
stem cells, ascorbate promotes widespread DNA deme-
thylation involving 1848 genes [39]. Ascorbate also has
been shown to enhance TET-mediated generation of 5-
hmC [40, 41]. Accordingly, we examined this agent for its
potential to rescue the changes observed as a consequence
of fibroblast hypoxia in vitro. We found that ascorbic acid
not only reversed the hypoxic status of fibroblasts, as
indicated by HIF-1α, but also partially restored the loss of
TET3 and 5-hmC. In order to address potential pleiotropic
actions of ascorbic acid that extend beyond the HIF-1α
pathway, we also included a normoxia control group
treated only with ascorbic acid. Interestingly, although
HIF-1α actually decreased slightly with treatment with
ascorbic acid, our results indicate that the direct impact of
ascorbic acid on 5-hmC, TET3, and FAK was likely to be
negligible. Additionally, ascorbic acid suppressed the
production of FAK [42]. It is notable that p-FAK also was
elevated by ascorbic acid in fibroblasts under normoxic
conditions, again suggesting a FAK effect independent of
the 5-hmC/TET3 axis. Whether ascorbic acid directly
mediated a decrease in HIF-1α via the 5-hmC/TET3
pathway remains unknown, although data exists indicat-
ing that ascorbic acid may directly decrease HIF-1α
activity in melanoma cells [43].

Limitations of this study include lack of data compre-
hensively evaluating the TET pathway at a protein level and
utilization of TET knockdown approaches to better dissect
the contributions of this pathway to the complex events
inherent to scar formation. In addition, tissue concentrations
of ascorbic acid must be considered inasmuch as absorption
and urinary excretion of dietary supplements are altered
with increasing doses, potentially limiting concentrations in
the hypoxic tissues in which it is most needed. Thus,
innovative modalities to achieve optimal tissue levels must
also be considered, and combinatorial therapies that con-
sider the epigenetic effects of agents like ascorbic acid in
the context of other substances that thwart excessive scar
formation require further translational study for future
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potential clinical applications. Our data have, however,
established a model whereby hypoxia-related epigenetic
alterations in the 5-hmC/TET axis may be further explored,
and has provided potential insight into how modulators like
ascorbic acid may be further evaluated for possible ther-
apeutic interventions that will inhibit excessive scar for-
mation at the level of the epigenome.

Scars can have devastating consequences on patients,
both physiologically and psychologically. Conventional
scar management includes surgical excision, compression
therapy, intralesional corticosteroid injection, and laser
therapy, among others [44, 45]. Since epigenetic mod-
ifications may have significant impact on fibroblast func-
tion, emerging therapies targeting DNA methylation, such
as DNMT inhibitor treatment, are actively under investi-
gation [46]. Now that mechanistic pathways are beginning
to emerge, potentially simpler and more cost-effective
approaches, such as ascorbic acid, should be seriously
considered as a means of inhibiting traditional fibroblast
activation and differentiation pathways that result in scar
formation, thus providing a potential opportunity for more
regenerative, stem cell-driven healing responses. In addi-
tion, oxygen level is likely to be important to wound healing
before dysfunctional scar develops, and this point has
potential impact on whether 5-hmC expression during ear-
lier phases of the wound healing process may relate to
differences in the rate and efficacy of the healing response.
If so, then epigenetic regulators may also be of potential
value in the important clinical situation of poorly healing
skin ulcers.
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