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Keloid is a fibroproliferative disorder of the skin1 
that is caused by abnormal healing of skin that has 
been injured or irritated. Common causes of injury 

and irritation are trauma, burn, surgery, vaccination, skin 
piercing, acne, and herpes zoster infection. Keloid scars 
are red and elevated, have an unappealing appearance, 

and associate with intermittent pain, persistent itching, 
and a sensation of contraction. The inflammation in the 
scars is continuous, localized, and particularly prominent 
in the reticular layer of the dermis of the skin.2 The reticu-
lar layer also exhibits enhanced angiogenesis and collagen 
accumulation. At the histological level, keloids often have 
thickened hyalinized collagen bundles (keloidal collagen) 
that are the result of excessive deposition of extracellular 
matrix components, including collagen, elastin, and gly-
cosaminoglycan. These features suggest that keloids are 
caused by an aberrant wound healing process in the dam-
aged reticular layer of the dermis.

Several recent studies suggest that the fibrosis in hy-
pertrophic scars involves the epithelial mesenchymal tran-
sition (EMT).3–6 The EMT is characterized by the loss by 
the epidermis of its epithelial characteristics (in particular 
E-cadherin expression) and its adoption of mesenchymal 
features (in particular vimentin expression). A number of 
growth factors, in particular tumor necrosis factor-alpha 
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Background: Keloid is a fibroproliferative skin disorder that is characterized by col-
lagen accumulation and blood vessel proliferation in the reticular layer of the der-
mis. It is caused by prolonged inflammation after cutaneous injury. Several studies 
suggested recently that epithelial mesenchymal transition (EMT) is involved in 
the development of fibrosis. This study assessed whether EMT also participates in 
keloid development and/or aggravation.
Methods: Resected keloid (n = 19) and normal skin (n = 13) samples were sub-
jected to immunohistochemical, immunofluorescent, and Western blot analyses of 
their expression of epidermal (E-cadherin) and mesenchymal (vimentin) proteins.
Results: Immunohistochemical analysis showed that the keloid tissues had more 
vimentin-positive cells in the epidermis than the normal tissues. When normal 
primary keratinocytes were cultured with proinflammatory cytokines, the cobble-
stone-shaped cells changed to a spindle shape and many vimentin-positive cells 
were detected. When immortalized HaCaT keratinocytes were cocultured in split-
well plates with normal or keloid-derived fibroblasts, they also underwent EMT, as 
indicated by their greater vimentin expression on Western blot analysis compared 
with HaCaT cells that were cultured alone.
Conclusions: EMT was observed in keloid specimens. EMT was induced by 
 inflammatory cytokines and fibroblasts. EMT may be involved in keloid genera-
tion and/or aggravation and may have potential as a keloid treatment target. 
(Plast Reconstr Surg Glob Open 2016;4:e1138; doi: 10.1097/GOX.0000000000001138; 
Published online 28 November 2016.)

Hiroaki Kuwahara, MD*† 
Mamiko Tosa, MD, PhD†‡ 

Seiko Egawa† 
Masahiro Murakami, MD, PhD‡ 

Ghazizadeh Mohammad, MD, 
PhD† 

Rei Ogawa, MD, PhD, FACS*

Examination of Epithelial Mesenchymal Transition 
in Keloid Tissues and Possibility of Keloid Therapy 
Target

Disclosure: The authors have no financial interest to  
declare in relation to the content of this article. The Article 
Processing Charge was paid for by the authors.

Reconstructive
ORiginal aRticle

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


PRS Global Open • 2016

2

(TNFα) and transforming growth factor-beta (TGFβ), are 
responsible for the transition.7,8 Numerous studies suggest 
that EMT also plays a significant role in the infiltration of 
tumors, metastasis, and wound healing.4,7,9–11 We speculated 
that EMT may also be involved in the development and/or 
aggravation of keloids. This notion is supported by the re-
cent study of Ma et al, who showed that the keratinocytes in 
keloids exhibited characteristic EMT-related changes and 
that these changes could be induced in normal keratino-
cyte cultures by exposing them to hypoxia.3 In addition, Do 
et al suggested that interleukin 18, its receptor, and its an-
tagonist play an important role in keloid pathogenesis by 
inducing EMT.12 However, the mechanisms by which EMT 
is induced in keloid keratinocytes remain unclear. More-
over, whether regulating EMT has therapeutic potential 
for keloids has also not been explored.

The present study was performed to assess whether 
EMT participates in the development and/or aggravation 
of keloids.

MATERIALS	AND	METHODS

Tissue	Specimens
Resected tissues from 19 patients who underwent plas-

tic surgery to remove keloids were obtained. Normal skin 
samples were also obtained from 13 patients. All samples 
were selected by experienced plastic surgeons and re-
moved as part of reconstructive procedures. Informed 
consent was obtained from all patients, and the study was 
conducted in accordance with the guidelines of the insti-
tutional review board of Nippon Medical School. None of 
the keloid patients had received medication previously.

Antibodies	Used	for	Immunohistochemical	and	
Immunofluorescence	Analyses

The following antibodies were purchased: rabbit mono-
clonal anti–E-cadherin antibody (Epitomics, Burlingame, 
Calif.), monoclonal mouse antivimentin clone V7 (DAKO 
Japan, Tokyo, Japan), anti–FSP-1 antibody (MERCK Milli-
pore, Temecula, Calif.), and anticortactin antibody (G-20: 
sc-6544; Santa Cruz Biotech, Dallas, Tex.). FSP-1 is a mesen-
chymal marker, whereas cortactin is an epidermal marker.

Keloid	and	Normal	Skin	Analyses
All skin specimens were fixed with 4% paraformalde-

hyde, and paraffin sections were prepared according to 
the usual method. The sections were stained with hema-
toxylin and eosin and subjected to histological analysis to 
confirm that the tissues had keloid or normal skin charac-
teristics. All samples were also subjected to immunofluo-
rescence and immunohistochemical analyses of vimentin 
and/or E-cadherin expression. For immunofluorescence 
staining, frozen sections were cut into 5-μm-thick slices 
and incubated with anti–E-cadherin and antivimentin an-
tibodies. To detect these primary antibodies, the sections 
were incubated with antirabbit (for E-cadherin) and an-
timouse (for vimentin) secondary antibodies at a 1:800 
dilution for 2 hours at room temperature, then washed 
in phosphate-buffered saline, and mounted with or with-

out 4′,6′-diamidino-2-phenylindole nuclear staining. For 
the immunohistochemistry analyses, the numbers of 
vimentin-positive cells in the epidermis and E-cadherin-
positive cells in the dermis were counted in five randomly 
selected viewing fields (magnification ×40). The data were 
expressed as means. In the immunofluorescence analyses, 
the E-cadherin and vimentin images were merged to indi-
cate the cells that expressed both markers.

Effect	of	Proinflammatory	Cytokine	Treatment	on	EMT	in	
Normal	Primary	Keratinocytes

Full-thickness samples of normal skin were incubat-
ed at 37°C for 3 hours in 25 mmol/L ethylene diamine 
tetraacetic acid (EDTA) in Dulbecco’s modified Eagle’s 
medium (DMEM) with the epidermis facing down. There-
after, the skin samples were immersed in 0.25% trypsin 
at 37°C for 30 minutes. The epithelial sheet was then 
separated using forceps and further digested in DMEM 
containing 0.25 mmol/L EDTA. The harvested keratino-
cytes were cultured in KGM-Gold medium with penicillin 
(100 IU/ml) for 96 hours with the proinflammatory cy-
tokine TNFα (10 ng/mL) or TGFβ (1 ng/mL; both from 
R&D Systems, Minneapolis, Minn.). The cells were then 
subjected to immunofluorescence analysis with the antivi-
mentin, anticortactin, and anti–FSP-1 antibodies.

Effect	of	Co-culture	with	Normal	and	Keloid-derived	
Fibroblasts	on	EMT	in	HaCaT	Keratinocytes

In this experiment, primary cultures of normal fibro-
blasts (n = 3) and keloid fibroblasts (n = 3) obtained from 
excised skin samples were cultured in split wells with the 
immortalized keratinocyte cell line HaCaT, a spontane-
ously transformed aneuploidy immortal keratinocyte cell 
line from human skin. HaCaT is frequently used as a skin 
keratinocyte model in vitro because of its highly preserved 
differentiation.13 To generate the primary fibroblast cul-
tures, full-thickness samples of normal and keloid skin 
were incubated as described above with 25 mmol/L EDTA 
and then 0.25% trypsin, after which the epithelial and 
dermal sheets were separated by using forceps and the 
dermal sheets were further digested in DMEM contain-
ing 0.25 mmol/L EDTA. The harvested fibroblasts were 
then cultured in DMEM with penicillin (100 IU/mL) and 
streptomycin (100 μg/mL) for 72 hours. Similarly, HaCaT 
cells were cultured in DMEM for 3–5 days. Thereafter, the 
fibroblasts and HaCaT cells were placed in plates with six 
split wells, namely, wells with two chambers that are sepa-
rated by a permeable membrane: the upper chamber con-
tained 1 × 104 HaCaT cells/mL whereas the lower chamber 
contained a monolayer of 1 × 105 fibroblasts per milliliter. 
The cells were cocultured in 3 mL per well of DMEM con-
taining 10% fetal bovine serum for 72 hours, after which 
the HaCaT cells were collected and lysed on ice with cell 
lysis buffer (10 mM Tris–HCl, pH 7.4, 150 mM NaCl, 1 mM 
EDTA, 1 mM EGTA, 10 mM Na4P2O7·10 H2O, 100 mM NaF, 
1% Triton-X, 0.5% NP-40, 10 mM Na3VO4, 100 KIU apro-
tinin, PI cocktail). After centrifugation at 15,000 rpm for 
30 minutes, the filtrates were collected and subjected to  
Western blot analysis. Thus, equal amounts of protein (30 
μg per lane) were size-fractionated on SDS-polyacrylamide 
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gels and blotted onto Immobilon polyvinylidene difluo-
ride membranes (Bio-Rad Laboratories, Hercules, Calif.). 
These membranes were then incubated with antivimentin 
and antiactin antibodies overnight at 4°C in transfer buf-
fer containing 192 mM glycine, 25 mM Tris–HCl, pH 8.3, 
20% v/v methanol, and 0.02% SDS. The membranes were 
washed with 0.1% Tween buffer (50 mM Tris–HCl, pH 7.5, 
150 mM NaCl, 0.1% Tween-20) and treated with the cor-
responding alkaline phosphatase-conjugated secondary 
antibodies. The reactions were developed by using the Pro-
toBlor NBT and BICP Color Development System (Prome-
ga, Madison, Wis.). Western blot bands were quantitated by 
densitometric measurements using the Image J software.

Statistical	Analysis
The vimentin-positive cells in the epidermis of the normal 

skin and keloid samples were counted. The normal and ke-
loid skin samples were compared in terms of mean numbers 
of epidermal vimentin-positive cells by using the Kruskal–
Wallis H test followed by the Mann-Whitney U test with the 
Bonferroni correction. HaCaT cells cultured on their own 
or with normal or keloid-derived fibroblasts were compared 
in terms of vimentin expression levels by using the Mann-
Whitney U test. All statistical analyses were performed by us-
ing StatMate IV software version 4.01 (Advanced Technology 
for Medicine and Science, Tokyo, Japan). P values that were 
<0.05 were considered to indicate statistical significance.

RESULTS

Keloids,	but	Not	Normal	skin,	Exhibit	EMT
E-cadherin served as an epithelial marker whereas vi-

mentin served as a mesenchymal marker.14 Thirteen nor-
mal skin samples from 8 male and 5 female patients with 
a mean (range) age of 43.6 (23–65) years were obtained 
from the back (n = 5), chest (n = 5), and abdomen (n = 5). 
Immunohistochemical and immunofluorescence analyses 
revealed the presence of E-cadherin and vimentin in the 
epidermis and the dermis, respectively. There were very 

few vimentin-positive cells in the epidermis (1.36 cells per 
view in a high-power field). When 19 keloid specimens 
from 10 men and 9 women with a mean (range) age of 41.8 
(28–66) years (17 and 3 were from the chest and shoul-
der, respectively) were similarly analyzed, E-cadherin and 
vimentin were also mainly expressed in the epidermis and 
dermis, respectively. However, there were also numerous 
vimentin-positive cells in the epidermis (Figs. 1, 2). This 
was more pronounced in the strongly inflamed areas (the 
reddish areas at the edge) of the keloid (12.98 vimentin-
positive cells per view) than in the less inflamed areas (the 
less reddish areas near the center of the keloid; 8.10 cells 
per view) (Fig. 3). Figure 4 shows clearly that the strongly 
inflamed area of a keloid expresses vimentin more strongly 
in the epidermis than in the less inflamed area. This is con-
sistent with the finding by Lu et al, who reported that fibro-
blasts from the peripheral regions of keloids were largely 
in the proliferative period of the cell cycle (G2 and S phas-
es) whereas fibroblasts from the centers were mostly in the 
G0 or G1 phases.15 Moreover, the latter cells were resistant 
to apoptosis. The differences between the normal skin, less 
inflamed keloid areas, and strongly inflamed keloid areas 
in terms of vimentin-positive cells in the epidermis were 
statistically significant (all P < 0.05; Fig. 3).

EMT	Can	Be	Induced	in	Normal	Primary	Keratinocytes	by	
Proinflammatory	Cytokines

Keloids express high levels of the proinflammatory cyto-
kines TNFα and TGFβ. To test whether these cytokines con-
tribute to the emergence of EMT in keloids, normal primary 
keratinocytes were cultured with or without each cytokine 
and then subjected to double-fluorescence immunohisto-
chemistry for E-cadherin and vimentin. FSP-1 also served as 
a mesenchymal marker in these analyses. After 72 hours of 
culture, the inflammatory cytokine treatments induced mes-
enchymal morphology: there was little adhesion between 
the cells and the cells changed from a cobblestone shape to 
a spindle shape (Fig. 5A). When the cells were stained for 
vimentin and cortactin after 5 days of culture, immunofluo-

Fig. 1. immunohistochemical localization of e-cadherin and vimentin in representative samples 
of normal skin (a and c) and keloid tissue (B and D). the keloid keratinocytes exhibited greater 
vimentin expression (brown stain) than the normal keratinocytes. Bar, 100 μm.



PRS Global Open • 2016

4

rescence staining showed that the spindle-shaped cells were 
vimentin-positive and cortactin-negative (Fig. 5B). Moreover, 
staining for vimentin and FSP-1 showed that after 5 days of 
inflammatory cytokine treatment, most of the keratinocytes 
had converted into vimentin-positive cells: these cells consist-
ed of 2 populations of mesenchymal-positive cells, namely, 
vimentin-positive FSP-1-positive cells and vimentin-positive 
FSP-1-negative cells (Fig. 5C). These phenomena were ob-

served with epidermis cells not becoming fibroblasts them-
selves but acquiring a fibroblast-like appearance.

Normal	and	Keloid-derived	Fibroblasts	Induce	EMT	in	a	
Keratinocyte	Cell	Line

The preceding experiment indicated that the proin-
flammatory cytokines that characterize keloids can induce 

Fig. 2. immunofluorescence staining of representative samples of normal skin and keloid tissue for e-cadherin (red) and vimentin (green). 
the images were merged in the right-hand panels. although the keloid epidermal cells did not exhibit any loss of e-cadherin expression, 
several did coexpress vimentin. Bar, 100 μm.

Fig. 3. number of vimentin-positive cells in the epidermis of re-
sected normal skin and the weakly and strongly inflammatory areas 
of resected keloids. Under a high-power field, the mean numbers 
of vimentin-positive cells in the epidermis of normal skin, weakly 
inflammatory keloid areas, and strongly inflammatory keloid areas 
were 1.36, 8.10, and 12.98 cells per view, respectively. P < 0.01 as 
determined by using the Kruskal–Wallis H test. χ2 value = 9.1028, de-
grees of freedom = 2, asymptopic significance = 0.001.

Fig. 4. gross (a) and corresponding microscopic (B) images of a 
keloid. the peripheral (strongly inflamed) area (a) of the keloid ex-
pressed more vimentin (brown stain) in the epidermis than the more 
central (less inflamed) area (B).
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EMT in keratinocytes. Thus, EMT in the epidermis may 
cause the aberrant fibroblast proliferation in keloids. To 
test whether factors from fibroblasts can induce EMT in 
keratinocytes, we cocultured normal and keloid-derived 
fibroblasts with the immortalized keratinocyte cell line 
HaCaT. We hypothesized that both normal and keloid-
derived fibroblasts would induce EMT in the HaCaT cells 
whereas the HaCaT cells would not exhibit any signs of 
EMT when cultured on their own. Indeed, Western blot 
analysis showed that both normal and keloid-derived fi-
broblasts induced HaCaT cells to express significantly 
more vimentin than when the HaCaT cells were cultured 
on their own. Notably, the keloid-derived fibroblasts in-
duced significantly more HaCaT vimentin expression 
than normal fibroblasts (Fig. 6).

DISCUSSION

EMT	and	Inflammatory	Cytokines
EMT is characterized by the loss in epithelia of cell 

adhesion and polarity and changes in cell plasticity that 
cause them to acquire mesenchymal features. Kalluri and 

Weinberg suggest that EMT is encountered in 3 distinct 
biological settings. The type 1 settings are implantation 
and embryonic gastrulation, where EMT gives rise to the 
mesoderm, endoderm, and mobile neural crest cells. The 
type 2 settings are inflammation and fibrosis. The type 
3 settings arise when the secondary epithelia associated 
with many organs transform into cancer cells; these cells 
later undergo EMT, which facilitates their invasion and 
metastasis.7 Because the acquisition of EMT associates 
with increased cellular movement and the accumulation 
of extracellular matrix, the process has gained attention 
in recent years: it has now been shown that it is involved 
in cancer cell infiltration and metastasis,8,9 fibrosis of or-
gans,16–20 wound healing,4,5 scarring,21 and the develop-
ment of keloids.6

Funayama et al22 reported that the overlying kera-
tinocytes of keloid lesions play an important role in ke-
loidogenesis because they promote the proliferation and 
reduce the apoptosis of the underlying fibroblasts through 
paracrine and double paracrine effects. Cytokines are also 
involved in the EMT in wound repair and tissue fibrosis.8,9 
For example, TGFβ associates with fibrosis and the expres-
sion by epithelial cells of mesenchymal markers such as 

Fig. 5. Proinflammatory cytokine treatment induces mesenchymal features in normal primary keratino-
cytes. Primary keratinocytes were cultured with tnFα (10 ng/ml) or tgFβ (1 ng/ml). a, after 72 hours, 
the keratinocytes exhibited mesenchymal morphology, as shown by phase contrast microscopy. B, af-
ter 5 days, the cells were immunofluorescence-stained for vimentin and cortactin expression. the cells 
predominantly expressed vimentin (green) and cortactin (red stain). the nuclei were stained by DaPi 
(blue). c, after 5 days, the cells were immunofluorescence-stained for vimentin and FSP-1 expression. 
tgFβ treatment converted many of the epithelial cells to vimentin-positive (green) and FSP-1-positive 
(red) double-positive cells (yellow). thus, tgF-1 generated 2 populations of mesenchymal-positive cells, 
namely, the double-positive cells and the vimentin-positive FSP-1-negative cells.
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fibronectin. We believe that keloid generation and/or 
aggravation is related to imbalances in the extracellular 
matrix that are caused by inflammatory cytokine-mediated 
interactions between fibroblasts and epithelial cells.

EMT	and	Fibrosis
Fibrosis is characterized by excessive collagen produc-

tion. Collagen is part of the extracellular matrix, and sev-
eral lines of evidence suggest that it plays a key role in 
EMT.23 Patients with skin fibrosis have also been reported 
to exhibit EMT: when Takahashi et al analyzed the skin 
lesions of 6 patients with morphea and 11 control skin 
samples, the dermal eccrine glands in the morphea sam-
ples displayed EMT. In particular, the morphea samples 
had elevated levels of TGFβ1, Snail1, and fibronectin and 
reduced levels of E-cadherin and α-smooth muscle actin, 
particularly in the eccrine glands.24 Nakamura and Toku-
ra11 also suggested that EMT may occur in systemic scle-
rosis: they reported enhanced expression of Snail1 and 
TWIST1 in the eccrine glands of 3 patients with diffuse 
cutaneous systemic sclerosis. They also noted that some 
pericytes in the eccrine glands of patients with systemic 
sclerosis had differentiated into myofibroblasts.25

Evidence	of	EMT	in	Keloid	Tissues
The present study showed that the keloid epidermis 

contains significantly more vimentin-positive cells than 
the epidermis of normal skin. This phenomenon was es-
pecially marked in the marginal regions of the keloids, 
where inflammation was particularly pronounced. This 
suggests that EMT may be involved in the development 
and/or aggravation of keloids. Moreover, when a normal 
primary keratinocyte cell line was cultured with TNFα or 
TGFβ, many of the cells started expressing vimentin; in ad-
dition, many of the vimentin-positive cells also expressed 
FSP-1. FSP-1 is a widely used specific marker of fibro-
blasts.26 This suggests that the proinflammatory cytokines 
that are expressed at high levels in keloids promote EMT. 
Furthermore, we found that an immortalized keratinocyte 
cell line started expressing significantly higher levels of vi-
mentin when it was cocultured with normal and keloid-de-

rived fibroblasts; this effect was particularly pronounced 
when the fibroblasts were derived from keloids. These ob-
servations suggest that at least some of the overabundant 
fibroblasts seen in keloids are derived from the epidermis.

Potential	of	EMT	Regulation	in	Keloid	Therapy
The mechanisms underlying keloid generation remain 

to be completely elucidated. The lack of animal models 
for this pathology has contributed to this lack of under-
standing. Nevertheless, we speculate that several drugs 
that are currently being developed or used could be use-
ful therapies for keloids because they have the capacity to 
inhibit EMT.

Potential anti-EMT drugs may include short cyclic His-
Ala-Val peptides. Williams et al27 suggested that these pep-
tides can inhibit the function of the mesenchymal marker 
N-cadherin. Importantly, the peptides induced apopto-
sis in N-cadherin-expressing vascular endothelial cells, 
which suggests that they may suppress angiogenesis.27 
Shintani et al also reported that the cyclic peptide ADH-1 
(N-Ac-CHAVC-NH2) specifically inhibits N-cadherin and 
suppresses the cell scattering and migration of pancre-
atic adenocarcinoma cell lines. Moreover, when mice that 
were transplanted with pancreatic cancer cells received 
this peptide by orthotopic injection (50 mg/kg in 100 μL 
of phosphate-buffered saline once a day 5 times a week for 
4 weeks), it suppressed tumor progression and peritoneal 
N-cadherin-controlled tumor metastasis.28 Another pos-
sible anti-EMT drug is sorafenib, which has tyrosine multi-
kinase inhibitory effects and suppresses the angiogenesis 
and proliferation of tumor cells. It has been approved as 
an oral therapy for some cancers by the American Food 
and Drug Administration.29,30 Chen et al suggested that 
sorafenib may also be useful as a therapy for fibrosis be-
cause it not only profoundly inhibits TGFβ-induced EMT 
in alveolar epithelial cells, it also reduces the proliferation 
and collagen synthesis of fibroblasts.31 Another anti-EMT 
drug is erubulin, which inhibits mitosis and thereby exerts 
anticancer activity. Yoshida et al32 suggested that erubu-
lin significantly inhibits EMT and may decrease the mi-
gration and invasiveness of tumors. Several studies have 

Fig. 6. Hacat keratinocytes cocultured with normal and keloid-derived fibroblasts develop the epidermal mesenchymal transition. nor-
mal and keloid-derived fibroblasts were obtained from 3 normal skin and 3 keloid samples, respectively. Hacat cells were cultured on 
their own (Hacat-) or in split wells with the fibroblasts. Vimentin expression of the Hacat cells was determined by Western blot analysis. 
*P < 0.05, as determined by using the Mann–Whitney U test. nF, normal fibroblasts; KF, keloid-derived fibroblasts.
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also suggested that a secreted frizzled-related protein may 
also be useful as an anti-EMT therapy that inhibits keloid 
development and/or aggravation.33,34 Finally, it has been 
proposed that 5-fluorouracil, which is a pyrimidine analog 
that is widely used as a cancer chemotherapy, and interfer-
on may also be useful keloid therapies.35,36 Thus, therapies 
that regulate EMT may have potential as a therapeutic or 
prophylactic keloid treatment. For example, sorafenib 
and His-Ala-Val peptides could be useful because they 
decrease collagen production and control angiogenesis, 
respectively. Further research on the usefulness of these 
drugs for keloid prevention or amelioration is warranted.
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