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Abstract: Keloids, marked by abnormal cellular proliferation and excessive extracellular matrix
(ECM) accumulation, pose significant therapeutic challenges. Ethyl pyruvate (EP), an inhibitor
of the high-mobility group box 1 (HMGB1) and TGF-B1 pathways, has emerged as a potential
anti-fibrotic agent. Our research evaluated EP’s effects on keloid fibroblast (KF) proliferation and
ECM production, employing both in vitro cell cultures and ex vivo patient-derived keloid spheroids.
We also analyzed the expression levels of ECM components in keloid tissue spheroids treated
with EP through immunohistochemistry. Findings revealed that EP treatment impedes the nuclear
translocation of HMGB1 and diminishes KF proliferation. Additionally, EP significantly lowered
mRNA and protein levels of collagen I and III by attenuating TGF-f1 and pSmad2/3 complex
expression in both human dermal fibroblasts and KFs. Moreover, metalloproteinase I (MMP-1) and
MMP-3 mRNA levels saw a notable increase following EP administration. In keloid spheroids, EP
induced a dose-dependent reduction in ECM component expression. Immunohistochemical and
western blot analyses confirmed significant declines in collagen I, collagen III, fibronectin, elastin,
TGF-3, AKT, and ERK 1/2 expression levels. These outcomes underscore EP’s antifibrotic potential,
suggesting its viability as a therapeutic approach for keloids.

Keywords: high-mobility group box 1 (HMGBL1); ethyl pyruvate; keloid

1. Introduction

Keloids, considered benign fibroproliferative tumors, represent a form of pathological
scarring of the skin characterized by an excessive accumulation of extracellular matrix
(ECM) components such as collagen, fibronectin, and elastin [1]. Notably, keloids extend
beyond the original boundary of injury and rarely regress spontaneously [2,3]. They can
significantly affect the quality of life due to aesthetic concerns caused by bodily disfigure-
ment and often accompany symptoms like pain and pruritus. Despite the great interest
in managing keloids, no definitive therapeutic options are currently available, partly be-
cause the exact pathogenesis of the condition remains unclear. The formation of keloids
is influenced by a multifactorial etiology, including genetic and environmental factors,
inflammation, mechanical stress, and even the microbiome.

One of the most widely recognized mechanisms in the pathophysiology of keloids is
the excessive accumulation of ECM, caused by an increased number of keloid fibroblasts
(KFs) [2-7]. It is thought that both an increase in cellular proliferation and decreased
apoptosis contribute to the overpopulation of KFs. Over-proliferation is believed to be
driven by various growth factors, including transforming growth factor-beta 1 (TGF-31),
platelet-derived growth factor (PDGF), and endothelial growth factor (EGF) [8,9]. Notably,
TGF-fB1 increases the synthesis of collagen and the proliferation of KFs via the regulation of
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ECM-degrading enzymes, including matrix metalloproteinases (MMPs) and tissue inhibitor
of metalloproteinases 1 (TIMP1) [10].

Ethyl pyruvate (EP) is a single fatty acid lipid derived from pyruvic acid. Due to its
low cost and low toxicity, EP has been considered for potential use in a wide range of
areas within the biomedical field. Previous research has highlighted the anti-apoptotic,
anti-oxidative, anti-inflammatory, and anti-fibrotic properties of this molecule [11]. Its
effects on suppressing fibrotic changes have been observed in various organs. EP has
been shown to reduce fibrotic changes in myocardial tissue in response to treatment with
doxorubicin, namely by reducing the expression of TGF-f31, collagen I/1II, MMP-2/9, and
TIMP-1/2 [12]. Furthermore, the injection of EP into an in-vivo liver fibrosis rat model
induced by CCl4 resulted in reduced fibrosis and recovery of liver function [13]. For
pulmonary fibrosis, Hamada et al. discovered that EP treatment also had protective effects
against bleomycin-induced lung injury in a rat model, possibly by inhibiting the level of
high-mobility group box 1 (HMGBI) [14].

Recently, dermal inflammation caused by various local factors has also been introduced
as a new aspect of keloid pathophysiology [15]. Treatment with lipopolysaccharide (LPS)
induced inflammation in fibroblasts, resulting in keloid formation through the activation
of HMGBI [16].

HMGBI is a nuclear protein that primarily acts as a DNA chaperone in DNA repli-
cation, recombination, transcription, and repair [17]. After cell activation or damage,
HMGBI is released from the nucleus into the cytosol or extracellular space, function-
ing as a damage-associated molecular pattern (DAMP) protein [18]. Overexpression of
cytosolic HMGB1 promotes autophagy and inflammation, which are associated with in-
creased cell proliferation, mobility, angiogenesis, and resistance to apoptosis [19-21]. In
our previous study, LPS-induced inflammation in fibroblasts increased the activation of
HMGB]I, subsequently increasing keloid formation through the Erk1/2, Akt, and NF-«B
signaling pathways [16,22,23].

In this study, we aim to explore the therapeutic potential of EP for the treatment of
pathological fibrosis, specifically keloid formation, and to identify its potential for further
clinical application. EP has been identified to decrease the effects of HMGB1, which
inhibits chemotaxis and mitotic activity in the extracellular space [24,25]. By inhibiting the
cytoplasmic translocation of HMGB1, EP may protect against inflammation, pathological
fibrosis, and oncogenesis, potentially disrupting keloid progression and attenuating fibrosis
in keloids [26,27].

To examine this hypothesis, we investigated the effects of EP on the proliferation
of KFs and the production of the ECM following the activation of inflammatory and
profibrotic pathways by treatments with LPS and TGF-f1 in human dermal fibroblasts
(HDF). Additionally, we assessed the proliferation and ECM production in both KFs and
patient-derived keloid spheroids. Furthermore, expression levels of type-I and -III collagen,
fibronectin, and elastin were analyzed in keloid tissue spheroids treated with EP through
immunohistochemistry, providing a comprehensive insight into the compound’s capacity to
attenuate fibrosis and potentially offer a novel therapeutic avenue for keloid management.

2. Results
2.1. Ethyl Pyruvate Reduces Translocation of Nuclear HMGB1

In our previous study, we investigated the role of HMGB1, which, when relocalized
to the cytosol or extracellular spaces, acts as a profibrotic molecule. We subjected HDFs
to cell fractionation to isolate nuclear and cytoplasmic fractions and performed western
blotting analysis. This was to determine if nuclear-cytoplasmic translocation occurred
during stimulation by an inflammatory mediator, such as LPS (500 ng), and to assess
whether this effect could be reversed by EP treatments (20 mM). As depicted in Figure 1A,
HMGBI1 protein expression levels in the nuclear fractions decreased after 48 h of LPS
treatment, while cytoplasmic HMGB1 increased (Figure 1B). However, treatment with EP in
LPS-treated HDFs increased nuclear HMGB1 protein expression and decreased cytoplasmic
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extracellular amount of HMGB1 was confirmed by ELISA (Figure 1C). Data showed that
extracellular expression of HMGB1 was significantly reduced in HDFs treated with both EP
and LPS compared to those treated with LPS alone (* p < 0.05). Our results indicate that EP
treatment of LPS-stimulated HDFs resulted in the relocalization of nuclear HMGB1 from
the cytosol back to the nucleus and reduced the expression of extracellular HMGB1 protein.
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Figure 1. Effects of ethyl pyruvate on HMGB1 expression in LPS-treated HDFs. (A) Western blotting
confirmation of the nucleus and cytosolic HMGBI1 expression in LPS-treated HDFs. a-tubulin was
used as endogenous control for cytosolic protein; histone was used as endogenous control for nuclei
protein. (B) Quantitative analysis of western blotting. Although not statistically significant, nuclear
protein expression of HMGB1 was increased by treatment of ethyl pyruvate in LPS-treated HDFs.
In contrast, cytosolic protein expression of HMGB1 was relatively decreased by ethyl pyruvate
treatment. (C) ELISA analysis of extracellular HMGB1 concentration. EP treatment significantly
reduced extracellular HMGB1 compared to LPS-treated HDFs (* p < 0.05).

2.2. Ethyl Pyruvate Reduces Proliferation of TGF-B1 Induced HDFs and KFs

To assess the impact of EP on cellular proliferation, we incubated HDFs treated
with 10 ng/mL TGF-p1 and KFs with various concentrations of EP for the proliferation
assay. Subsequently, we conducted a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) cell proliferation assay. In HDFs treated with TGF-p1 [28], a significant
reduction in proliferation was observed following EP treatment, with the effects being
dose-dependent (Figure 2A). Similarly, in KFs, proliferation significantly decreased after
treatment with all examined concentrations of EP (Figure 2B, * p < 0.05). These results
suggest that EP effectively reduces the cellular proliferation of both TGF-f1-treated HDFs
and KFs.



Int. J. Mol. Sci. 2024, 25, 5844

4of 15

Cell viability (Abs)

1.6

1.4

1.2

0.8

0.6

0.4

0.2

Relative mRNA expression

w

[
w

S

wn

0.5

*

14 1

——

1.2

Cell viability (Abs)

HDF

*
| |
1.0
= 08
> 06
0.4
l 0.2
0.0 .
EP EP

EP EP EP HDF EP
0mM 10 mM 20 mM 0mM 10 mM 20 mM

HDF + TGF-B KFs

Figure 2. Effects of ethyl pyruvate on cellular viability of TGF-p1-treated HDFs (A) and KFs (B).
MTT cell proliferation assay shows that ethyl pyruvate significantly reduced the proliferation of both
TGF-B1-treated HDFs and KFs in a dose-dependent manner (* p < 0.05).

2.3. Effect of Ethyl Pyruvate on mRNA Expression of Collagen I and Collagen 111 in HDFs and KFs

We investigated the potential of EP to mitigate collagen synthesis and deposition in
TGF-B1 (10 ng/mL)-treated HDFs and KFs. We measured the mRNA expression levels of
collagen types I and III using quantitative polymerase chain reaction (qPCR). Following
treatment with 20 mM EDP, the expression of type I collagen mRNA in TGF-f31-treated HDFs
and KFs was significantly reduced by 91% and 78%, respectively, compared to untreated
cells (Figure 3). Similarly, type III collagen mRNA expression saw a significant decrease of
85% and 64%, respectively, in comparison to untreated HDFs and KFs (Figure 3). These
results indicate that mRNA levels of collagen types I and III in TGF-31-treated HDFs and
KFs were significantly reduced upon treatment with EP [29].
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Figure 3. Effects of ethyl pyruvate on the expression of fibrotic and cytostatic markers in HDFs and
KFs. (A) Treatment of TGF-§ significantly increased the expression of collagen I/III mRNA. Treating
ethyl pyruvate significantly decreased mRNA expression as the dose increased. (B) Similarly, treating
ethyl pyruvate to KFs showed reduced collagen I/IIl mRNA expression (* p < 0.05).

2.4. Ethyl Pyruvate Suppressed the Collagen Type I, Collagen Type 11, TGF-B1, and pSmad2/3
Complex in KFs

To confirm the results above, protein expression levels of collagen type I, collagen type
III, TGF-B1, and pSmad2/3 complex were examined by western blotting using KFs treated
with EP (20 mM) for 48 h. Figure 4A illustrates that KFs inherently express significant
amounts of collagen type I, collagen type III, TGF-f31, and the pSmad2/3 complex proteins.
Notably, the expression levels of these proteins were substantially diminished following
treatment with EP. Densitometric analysis further confirmed that EP treatment led to
a notable reduction in the expression of collagen type I and III proteins in treated KFs by
58.1% and 76.9%, respectively (* p < 0.05; Figure 4B). Additionally, EP (20 mM) reduced
TGEF-B1 protein expression by 74% and that of the downstream pSmad 2/3 complex by
60% in treated KFs compared to untreated KFs (Figure 4B). These findings indicate that EP
effectively inhibits the TGF-31 signaling pathway in KFs.
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Figure 4. Cont.
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Figure 4. Effect of ethyl pyruvate on expression of fibrosis-related protein. (A) Western blot analysis
of collagen I, ITI, TGF-$3, and p-SMAD?2/3 expression was performed; (B) upon densitometric analysis,
collagen I, III, TGE-f3, and p-SMAD?2/3 protein expression levels decreased when KF cells were
treated with 20mM of ethyl pyruvate (* p < 0.05).

2.5. Treatment of Ethyl Pyruvate Affects MMP-1 and MMP-3 mRNA Expression in HDFs
and KFs

Metalloproteinases (MMPs) are enzymes secreted by dermal fibroblasts to regulate
ECM remodeling, and our previous work has demonstrated that the activity of HMGB1
can influence their expression [16]. To further explore the impact of EP on the expres-
sion of ECM-degrading enzymes in keloids, we assessed the mRNA expression levels of
metalloproteinase I (MMP1), metalloproteinase III (MMP3), and tissue inhibitor of metal-
loproteinases I (TIMP1) in both TGF-31-treated HDFs and KFs. In TGF-31-treated HDFs,
MMP-1 mRNA levels were significantly upregulated by 4.4-fold following treatment with
20 mM EP compared to untreated HDFs. Similarly, MMP-3 mRNA levels were significantly
increased by 2.4-fold in EP-treated HDFs (Figure 5A; * p < 0.05). The MMP1/TIMP1 ratio
was notably elevated in TGF-{31-treated HDFs after 20 mM EP treatment. Moreover, in
EP-treated KFs, mRNA expression of MMP1 was increased by 1.3-fold, whereas MMP3
mRNA expression was somewhat reduced by 20 mM EP treatment (Figure 5B). Nonetheless,
the MMP1/TIMP1 ratio was significantly higher. These findings indicate that EP treatment
leads to the upregulation of MMP-1 mRNA expression and MMP1/TIMP1, which play
crucial roles in collagen degradation.
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Figure 5. Effects of ethyl pyruvate on the mRNA expression of MMP1 and MMP3 mRNA levels
in TGF-B1-treated HDFs and KFs. (A) MMP1 and MMP3 mRNA levels in TGF-f1-treated HDFs
increased sequentially according to the concentration of ethyl pyruvate (0 mM, 10 mM, and 20 mM).
(B) MMP1 mRNA levels in KFs increased by treatment of ethyl pyruvate. The ratio of MMP1/TIMP1
was significantly increased by EP (20 Mm) treatment in the TGF-f1-treated HDFs and KFs (* p < 0.05).

2.6. Ethyl Pyruvate Suppresses Collagen I and III, Fibronectin, and Elastin in Keloid Spheroids

Keloid spheroids from active-stage keloid patients (n = 3) were cultured and ex-
posed to varying concentrations of EP to evaluate the impact on ECM expression. The
expression levels of collagen types I and III, fibronectin, and elastin were analyzed using
immunohistochemistry (Figure 6A). Quantitative analysis indicated that EP treatment led
to a dose-dependent decrease in the expression of these ECM components. Specifically,
treatment with 40 mM EP resulted in reductions of 80.3% for collagen I, 82.7% for collagen
III, 97.1% for fibronectin, and 96.1% for elastin (Figure 6B). These findings collectively
suggest that EP effectively modulates ECM production, contributing to the reduction in
fibrosis in keloids. Furthermore, the decreased expression of collagen type I in EP-treated
keloid spheroids from an active-stage keloid patient was verified through western blot
analysis (Figure 6C), aligning with the results from the immunohistochemical analysis.
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Figure 6. Immunohistochemical analysis of collagen I and III, fibronectin, and elastin in ethyl
pyruvate-treated keloid spheroids (1 = 3). (A) Representative images of collagen I and III, fibronectin,
and elastin THC staining of keloid spheroids treated with ethyl pyruvate (10, 20, and 40 mM).
(B) Semi-quantification of protein expression is shown. Collagen I and III, fibronectin, and elastin
were significantly decreased in keloid spheroids following ethyl pyruvate application. Asterisks (*)
over each column signify a statistically significant difference compared to the control (0 mM, white
bar) group (* p < 0.05). (C) Reduction in collagen I protein expression can be seen with western
blot analysis.

2.7. Ethyl Pyruvate Suppresses HMGB1, ERK1/2, and AKT Expression in Keloid Spheroids

Intracellular signaling molecules, such as ERK1/2 and AKT, are involved in collagen
synthesis and myofibroblast differentiation [16]. We explored the relationship between
HMGBI activation and these signaling molecules in keloid spheroids post-treatment with
EP. Using immunohistochemistry, we assessed the expressions of HMGB1, ERK1/2, and
AKT in the spheroids (Figure 7A). The results showed a significant reduction in HMGB1
expression following treatment with 20 mM and 40 mM EP. Similarly, the expression levels
of the intracellular signaling molecules ERK1/2 and AKT, which are implicated in collagen
synthesis and myofibroblast differentiation, were significantly decreased by treatments
of 20 mM and 40 mM EP (* p < 0.05; Figure 7B). These findings, in conjunction with
the previous results, indicate that EP treatment curtails ECM production by inhibiting
profibrotic pathways.

Erk1/2 Akt

A HMGB1
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Figure 7. Cont.
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Figure 7. Effects of ethyl pyruvate on the expression of profibrotic factors in keloid spheroids.
(A) Representative images of HMGB1, ERK 1/2, and AKT IHC staining of keloid spheroids treated
with ethyl pyruvate (10, 20, and 40 mM). (B) Semi-quantification of protein expression is shown.
HMGB1, ERK1/2, and AKT expression were significantly decreased after treatment with ethyl
pyruvate. Asterisks (*) over each column signify a statistically significant difference compared to the
control (0 mM, white bar) group. (* p < 0.05).

3. Discussion

Excessive accumulation of ECM and hyperproliferation of fibroblasts are the primary
pathophysiological causes of keloid formation. Multiple etiological factors often contribute to
this process, involving the regulation of local inflammation, cellular proliferation, and apopto-
sis. Regulating these pathways could provide a promising target for keloid management.

Pyruvate is a potent and effective ameliorator of inflammatory injuries, exhibiting
antioxidative, antitumor, and anti-inflammatory characteristics. However, its application
has been largely limited due to its easy conversion into a potentially toxic metabolite [30].
EP, a simple derivative of pyruvate, is not inferior in terms of ameliorating inflammatory
responses induced by sepsis, ischemia-reperfusion, radiation, and drug-induced injuries,
and it is also safe and stable [31]. Previous studies have shown that EP treatment decreased
fibrosis in the heart, liver, and lungs in animal models [12,13,32]. Thus, we hypothe-
sized that EP treatment could reduce fibrosis by suppressing cellular proliferation and
ECM formation.

EP reduces fibrosis via the downregulation of pro-fibrotic signaling. This has been
previously reported in studies where ADR-induced cardiomyocytes were treated with EP.
Fibrotic changes were alleviated by the upregulation of MMP expression and a higher
MMP /TIMP ratio [12]. Additionally, suppression of TGF-f3 reduced fibrotic changes in
human keratinocytes [33]. Treating bleomycin-induced bronchiolar cells with EP showed
reduced levels of HMGB1, known to directly stimulate fibroblast proliferation, resulting in
fewer fibrotic changes [14]. In our previous study, we demonstrated the overexpression
of HMGBI in keloid tissue, and that cytoplasmic translocation and exogenous HMGB1
could trigger proliferation of HDFs and enhance ECM production [16,23]. Although not
statistically significant, EP treatment tended to reduce cytosolic HMGBI fractionation. We
were able to show that the exogenous secretion of HMGB1 was significantly decreased after
EP treatment, which aligns well with previous reports [25].
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Another possible explanation for the anti-fibrotic property of EP is its suppression
of the TGF-f3 pathway. EP treatment of irradiated lung tissue showed decreased collagen
synthesis through the suppression of TGF-f3 [32]. In this study, TGF-3-treated HDFs showed
increased cellular viability similar to KFs, with an increase in factors involved in ECM
production, such as collagen synthesis, while the MMP /TIMP ratio worsened due to the
degradation of these factors. Treating both TGF-3-treated HDFs and KFs with EP decreased
cellular viability, indicating that EP suppressed cellular proliferation in a dose-dependent
manner. Furthermore, when examining the relative mRNA expression of collagen I/1II, EP
treatment showed lower levels at higher concentrations.

Proteolytic enzymes, such as MMPs, also play a role in keloid formation. In normal
wound remodeling, MMPs degrade collagen and other ECM substrates, and their activity
is regulated by TIMPs [34]. However, in keloid fibroblasts, MMP-1, which cleaves collagen
types I and III, is decreased, while MMP-3, a stromelysin, is increased [35,36]. Overall,
the balance of the MMP-to-TIMP ratio is thought to be important in scar formation, with
a higher ratio resulting in reduced scarring [37]. In this study, we confirmed that EP
treatment significantly increased the expression of MMP-1 and the MMP-to-TIMP ratio.
However, for MMP-3, there was a difference between TGF-3-treated HDFs and KFs. EP
upregulated MMP-3 expression in TGF-p-treated HDFs but reduced its expression in KFs.
Since TGF-f3 signaling reduces MMP-3 expression, this could be attributed to the negative
regulatory effect of EP on TGF-f signaling. In KFs, however, more complex factors could
be involved [34].

In keloid spheroids, higher concentrations of EP were used to further validate the
process. Immunohistochemistry of ECM elements showed decreased production of collagen
I/111, fibronectin, and elastin. This suggests that EP treatment suppresses the overall
formation of ECM. Additionally, pivotal mediators of pro-fibrotic signaling, Erk 1/2 and
Akt, showed significant suppression after EP treatment. These results indicate that EP can
exhibit anti-fibrotic effects on keloids.

Previous research has shown that through various pharmacological and biological
activities, EP decreases inflammation, oxidative stress, and oncogenesis [38,39]. The sup-
pression of fibrosis and over-proliferation in keloids are not the only complementary factors
contributing to the anti-fibrotic action of EP. Therefore, we aim to further advance research
to elucidate the effects of EP on keloid tissues and the mechanism of keloid formation.

The limitation of this study is that it is difficult to confirm the exact molecular pathway
with the results depicted in this research. Studies have shown HMGB1’s abundance in
keloid tissues and its role in inducing fibrosis through TGF-f1, Erk 1/2, Akt, and NF-«B
pathways [35,36,40,41]. Although Erk1/2 and Akt were decreased with EP treatment, this
does not fully reflect the actual level of the signaling activity. Future studies should include
staining for the active phosphorylated form of these proteins, along with other apoptotic
markers and signaling pathways, to determine whether EP effectively reduces keloids.

To our knowledge, this is the first study to demonstrate the anti-fibrotic effects of
EP on keloid fibroblasts, suggesting potential therapeutic benefits in keloid treatment by
regulating cell death and pro-fibrotic activities.

4. Materials and Methods
4.1. Preparation of Cells

HDFs and KFs were obtained from the American Type Culture Collection (Manassas,
VA, USA). Cells were cultured in Dulbecco’s Modified Eagle’s Medium (Gibco, Grand
Island, NY, USA) containing 10% fetal bovine serum (Sigma-Aldrich, St. Louis, MO, USA),
penicillin (30 U/mL), and streptomycin (300 pg/mL). Cells were maintained at 37 °C
in a humidified incubator under 5% CO,, and the medium was changed every 2 days.
For all experiments, cells were used before passage #7. To induce fibroblasts, HDFs were
treated with TGF-f3 at a concentration of 10 ng/mL and cultured for 48 h.
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4.2. Preparation of Keloid Spheroids

Keloid and adjacent normal dermal tissues were obtained during surgical procedures
from three patients with active-stage keloids (Table 1). Human keloid tissue samples
were collected after obtaining written informed consent and in accordance with a protocol
approved by the Yonsei University College of Medicine Institutional Review Board (IRB No.
4-2015-0228). Keloid spheroids were prepared by dissecting the central dermal tissue of the
keloids into 2 mm diameter pieces using sterile 21-gauge needles. The explants were plated
onto HydroCell® 24 multi-well plates (Nunc, Rochester, NY, USA) and cultured for 4 h in
Iscove’s Modified Dulbecco’s Medium (Gibco) supplemented with 5% fetal bovine serum,
10 uM insulin, and 1 uM hydrocortisone. Ethyl pyruvate, an inhibitor of HMGB1, was
added to the plates containing keloid spheroids at concentrations of 0, 1, 10, 20, and 40 mM,
and incubated at 37 °C in 5% CO, for 48 h. The treated keloid spheroids were then fixed
with 4% formalin, paraffin-embedded, and sectioned into 5 um thick slices.

Table 1. Demographic information and description of keloids obtained from subjects.

Sex Race Age (Years) Location Types
1 F Korean 48 Earlobe Pedunculated
2 M Korean 22 Earlobe Pedunculated
3 F Korean 35 Shoulder Sessile

4.3. Methyl Thiazolyl-Diphenyl-Tetrazolium Bromide (MTT) Assay

To assess cellular viability and cellular proliferation after ethyl pyruvate treatment
of KFs and HDFs, a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
assay was performed. In this assay, 1 x 10* cells/cm? of KFs and HDFs were seeded in
triplicate in 96-well plates. After exposing the cells to concentrations of 0, 1 mM, 5 mM,
10 mM, and 20 mM of ethyl pyruvate (Sigma-Aldrich) for 48 h, 200 puL of a 0.5 mg/mL MTT
solution (Boehringer, Mannheim, Germany) was added to each well. The plates were then
incubated at 37 °C for 3 h. To dissolve the resulting formazan, 200 uL of dimethyl sulfoxide
(Sigma-Aldrich) was added to each well after removing the MTT solution. The absorbance
was measured at 570 nm using a microplate reader (Bio-Rad, Hercules, CA, USA).

4.4. Western Blotting Analysis for Collagen Markers and Profibrotic Markers

Quantitative measurement of representative profibrotic markers was performed using
western blotting. HDFs and KFs treated with 0 mM, 10 mM, 20 mM, and 40 mM ethyl
pyruvate (cells were seeded at 1 x 10° cells/well) were cultured in 100 mm x 20 mm
dishes for 48 h. The cells were cultured in triplicate. Cells were lysed in 50 mM Tris-HCl
(pH 7.6), 1% Nonidet P-40, 150 mM NaCl, and 0.1 mM zinc acetate in the presence of
protease inhibitors. Protein concentrations were measured by the Lowry method (Bio-Rad),
and 20 ug of each sample was loaded into a 10% sodium dodecyl sulfate-polyacrylamide
gel for electrophoresis. Proteins were transferred onto a polyvinylidene difluoride mem-
brane (Millipore, Billerica, MA, USA) by electrophoresis. The membrane was blocked
with blocking buffer for 1 h and incubated with mouse anti-HMGB1 (Abcam, Cambridge,
UK), mouse anti-histone (Abcam), and rabbit anti-a-tubulin (Santa Cruz Biotechnology)
overnight at 4 °C. After 2 h of incubation at room temperature with the secondary antibody
(horseradish peroxidase-conjugated anti-rabbit or anti-mouse; Santa Cruz Biotechnology,
Dallas, TX, USA), protein bands were visualized using chemiluminescence reagents (Amer-
sham Pharmacia Biotech, Piscataway, NJ, USA) according to the manufacturer’s instructions.
Protein expression was analyzed using Image] 1.51f software (National Institutes of Health,
Bethesda, MD, USA).

4.5. Enzyme-Linked Immunosorbent Assay (ELISA)

HDFs (2 x 10° cells) were seeded in 6 cm culture dishes. LPS-treated HDFs were
treated with 20 mM of ethyl pyruvate. Forty-eight hours after treatment, supernatants
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were collected and centrifuged at 15,000x g for 10 min at 4 °C. The secreted HMGB1
protein in the supernatants was measured using an ELISA kit (R&D Systems, Minneapolis,
MN, USA).

4.6. Quantitative Real-Time Polymerase Chain Reaction (qPCR)

Total RNA was extracted with TRIzol Reagent (Gibco, BRL), and complementary
DNA was synthesized from 500 ng of RNA using the First-strand cDNA Synthesis kit
(Promega Corp., Madison, WI, USA) as described in the manufacturer’s protocol. TagMan
primer/probe kits [assay ID: Hs00164004_m1 (collagen type I), Hs00164103_m1 (collagen
type III), Hs00233958_m1 (MMP1), and Hs00233962_m1 (MMP3), Applied Biosystems,
Foster City, CA, USA] were used for qPCR and measurements were taken using the ABI
Prism 7500 HT Sequence Detection System (Applied Biosystems, Foster City, CA, USA). The
expression of mRNA was normalized with glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) as the endogenous control (assay ID: Hs99999905_m1, Applied Biosystems,
Foster City, CA, USA).

4.7. Histology and Immunohistochemistry (IHC) of Keloid Spheroids

Keloid spheroids were treated with 0, 10, 20, and 40 mM of ethyl pyruvate for 48 h. The
spheroids were then washed, fixed with 4% formalin, paraffin-embedded, and sectioned
into 5 um thick slices. For IHC staining, the keloid spheroid sections were incubated
overnight at 4 °C with primary antibodies including mouse anti-HMGB1 (Abcam), mouse
anti-AKT (Abcam), mouse anti-ERK1/2 (Abcam), mouse anti-collagen type I (Abcam),
mouse anti-collagen type III (Sigma-Aldrich), mouse anti-elastin (Sigma-Aldrich), and
mouse anti-fibronectin (Santa Cruz Biotechnology). The sections were then incubated at
room temperature for 20 min with the Envision™ kit (Dako, Glostrup, Denmark) following
the manufacturer’s instructions. Diaminobenzidine /hydrogen peroxidase (Dako) was used
as the chromogenic substrate. All slides were counterstained with Mayer’s hematoxylin.
The expression of the related proteins was semi-quantitatively analyzed using Metamorph®
image analysis software version 7.1. Results are expressed as the mean optical density of
different digital images.

4.8. Statistical Analysis

Results are expressed as means =+ standard error of the mean (SEM). Data were
analyzed by a repeated-measures one-way ANOVA. A paired f-test was used to analyze
statistical differences between the two groups. Results were judged significant when
p <0.05.

5. Conclusions

To conclude, the current study demonstrated that EP exerts anti-fibrotic effects by
downregulating pro-fibrotic signaling pathways, including TGF-p. EP treatment also
increased MMP1 expression, improved the MMP-to-TIMP ratio, and suppressed ECM
formation, suggesting potential therapeutic benefits in keloid treatment.

Author Contributions: W.J.L. and C.-O.Y.; methodology, W.J.L., T.S.R. and C.-O.Y,; software, H.R.;
validation, W.B. and H.R,; formal analysis, H.R.; data curation, H.R. and S.P,; writing—original draft
preparation, W.B.; writing—review and editing, W.B., Y.L., T.S.R. and W.]J.L.; supervision. All authors
have read and agreed to the published version of the manuscript.

Funding: This research was funded by a private research grant of L&C Bio Inc., grant number
2018-31-0359.

Institutional Review Board Statement: Human keloid tissue samples were obtained after written
informed consent and in accordance with a protocol approved by the Yonsei University College of
Medicine Institutional Review Board (IRB No. 4-2015-0228).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.



Int. J. Mol. Sci. 2024, 25, 5844 14 of 15

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author upon reasonable request.

Conflicts of Interest: The authors declare no conflict of interest. The funding sponsors had no role
in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the
manuscript, and in the decision to publish the results.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.

24.

Abergel, R.P; Pizzurro, D.; Meeker, C.A; Lask, G.; Matsuoka, L.Y.; Minor, R.R.; Chu, M.-L.; Uitto, J. Biochemical composition
of the connective tissue in keloids and analysis of collagen metabolism in keloid fibroblast cultures. . Investig. Dermatol. 1985,
84, 384-390. [CrossRef]

Yun, L.S.; Lee, M.H.; Rah, D.K,; Lew, D.H,; Park, J.-C.; Lee, W.J. Heat shock protein 90 inhibitor (17-AAG) induces apoptosis and
decreases cell migration/motility of keloid fibroblasts. Plast. Reconstr. Surg. 2015, 136, 44e-53e. [CrossRef]

Shin, J.U.; Lee, W]J.; Tran, T.-N.; Jung, I.; Lee, ].H. Hsp70 knockdown by siRNA decreased collagen production in keloid fibroblasts.
Yonsei Med. |. 2015, 56, 1619-1626. [CrossRef]

Lee, ].H.; Shin, J.U.; Jung, I; Lee, H.; Rah, D.K; Jung, J.Y.; Lee, W.]J. Proteomic profiling reveals upregulated protein expression of
hsp70 in keloids. BioMed Res. Int. 2013, 2013, 621538. [CrossRef]

Al-Attar, A.; Mess, S.; Thomassen, ].M.; Kauffman, C.L.; Davison, S.P. Keloid pathogenesis and treatment. Plast. Reconstr. Surg.
2006, 117, 286-300. [CrossRef]

Bran, G.M.; Goessler, U.R.; Hormann, K.; Riedel, F; Sadick, H. Keloids: Current concepts of pathogenesis (review). Int. ]. Mol.
Med. 2009, 24, 283-293. [CrossRef]

Robles, D.T.; Moore, E.; Draznin, M.; Berg, D. Keloids: Pathophysiology and management. Dermatol. Online J. 2007, 13, 9.
[CrossRef]

Russell, S.B.; Trupin, K.M.; Rodriguez-Eaton, S.; Russell, J.D.; Trupin, J.S. Reduced growth-factor requirement of keloid-derived
fibroblasts may account for tumor growth. Proc. Natl. Acad. Sci. USA 1988, 85, 587-591. [CrossRef]

Harper, R.A. Keloid fibroblasts in culture: Abnormal growth behaviour and altered response to the epidermal growth factor. Cell
Biol. Int. Rep. 1989, 13, 325-335. [CrossRef] [PubMed]

Tuan, T.-L.; Nichter, L.S. The molecular basis of keloid and hypertrophic scar formation. Mol. Med. Today 1998, 4, 19-24. [CrossRef]
[PubMed]

Yang, R.; Zhu, S.; Tonnessen, T.I. Ethyl pyruvate is a novel anti-inflammatory agent to treat multiple inflammatory organ injuries.
J. Inflamm. 2016, 13, 37. [CrossRef] [PubMed]

Liu, M.; Wang, M.; Liu, J.; Luo, Z; Shi, L.; Feng, Y.; Li, L.; Xu, L.; Wan, J. Impact of ethyl pyruvate on Adriamycin-induced
cardiomyopathy in rats. Exp. Ther. Med. 2016, 12, 3201-3208. [CrossRef] [PubMed]

Zhang, M.; Hu, X,; Li, S.; Lu, C,; Li, ].; Zong, Y.; Qi, W.; Yang, H. Hepatoprotective effects of ethyl pyruvate against CCl4-induced
hepatic fibrosis via inhibition of TLR4/NF-kB signaling and up-regulation of MMPs/TIMPs ratio. Clin. Res. Hepatol. Gastroenterol.
2018, 42, 72-81. [CrossRef] [PubMed]

Hamada, N.; Maeyama, T.; Kawaguchi, T.; Yoshimi, M.; Fukumoto, J.; Yamada, M.; Yamada, S.; Kuwano, K.; Nakanishi, Y. The
role of high mobility group box1 in pulmonary fibrosis. Am. J. Respir. Cell Mol. Biol. 2008, 39, 440-447. [CrossRef] [PubMed]
Ogawa, R. Keloid and Hypertrophic Scars Are the Result of Chronic Inflammation in the Reticular Dermis. Int. J. Mol. Sci. 2017,
18, 606. [CrossRef] [PubMed]

Lee, W].; Song, S.Y.; Roh, H.; Ahn, HM.; Na, Y.; Kim, J.; Lee, ].H.; Yun, C.O. Profibrogenic effect of high-mobility group box
protein-1 in human dermal fibroblasts and its excess in keloid tissues. Sci. Rep. 2018, 8, 8434. [CrossRef] [PubMed]

Kang, R.; Chen, R.; Zhang, Q.; Hou, W.; Wu, S.; Cao, L.; Huang, J.; Yu, Y.; Fan, X.-G.; Yan, Z. HMGBI in health and disease. Mol.
Asp. Med. 2014, 40, 1-116.

Tang, D.; Loze, M.T.; Zeh, I.; Herbert, J.; Kang, R. The redox protein HMGB1 regulates cell death and survival in cancer treatment.
Autophagy 2010, 6, 1181-1183. [CrossRef] [PubMed]

Livesey, KM.; Kang, R.; Vernon, P.; Buchser, W.; Loughran, P.; Watkins, 5.C.; Zhang, L.; Manfredi, ].].; Zeh, H.J.; Li, L. p53/HMGB1
complexes regulate autophagy and apoptosis. Cancer Res. 2012, 72, 1996-2005. [CrossRef]

Li, L.C; Gao, J.; Li, . Emerging role of HMGB 1 in fibrotic diseases. J. Cell. Mol. Med. 2014, 18, 2331-2339. [CrossRef]
Gnanasekar, M.; Kalyanasundaram, R.; Zheng, G.; Chen, A.; Bosland, M.C.; Kajdacsy-Balla, A. HMGB1: A promising therapeutic
target for prostate cancer. Prostate Cancer 2013, 2013, 157103. [CrossRef] [PubMed]

Lee, WJ.; Ahn, HM,; Na, Y.; Wadhwa, R.; Hong, J.; Yun, C.O. Mortalin deficiency suppresses fibrosis and induces apoptosis in
keloid spheroids. Sci. Rep. 2017, 7, 12957. [CrossRef] [PubMed]

Jeon, YR; Roh, H.; Jung, ].H.; Ahn, HM.; Lee, ].H.; Yun, C.O.; Lee, W.J. Antifibrotic Effects of High-Mobility Group Box 1
Protein Inhibitor (Glycyrrhizin) on Keloid Fibroblasts and Keloid Spheroids through Reduction of Autophagy and Induction of
Apoptosis. Int. ]. Mol. Sci. 2019, 20, 4134. [CrossRef] [PubMed]

Liang, X.; Shen, Y.; Zhang, X.; He, G.; Tan, G. Ethyl pyruvate ameliorate inflammatory response of sinonasal mucosa by inhibiting
HMGBI in rats with acute rhinosinusitis. Sci. Rep. 2021, 11, 6206. [CrossRef] [PubMed]


https://doi.org/10.1111/1523-1747.ep12265471
https://doi.org/10.1097/prs.0000000000001362
https://doi.org/10.3349/ymj.2015.56.6.1619
https://doi.org/10.1155/2013/621538
https://doi.org/10.1097/01.prs.0000195073.73580.46
https://doi.org/10.3892/ijmm_00000231
https://doi.org/10.5070/D32M43548R
https://doi.org/10.1073/pnas.85.2.587
https://doi.org/10.1016/0309-1651(89)90159-8
https://www.ncbi.nlm.nih.gov/pubmed/2786458
https://doi.org/10.1016/S1357-4310(97)80541-2
https://www.ncbi.nlm.nih.gov/pubmed/9494966
https://doi.org/10.1186/s12950-016-0144-1
https://www.ncbi.nlm.nih.gov/pubmed/27980458
https://doi.org/10.3892/etm.2016.3795
https://www.ncbi.nlm.nih.gov/pubmed/27882138
https://doi.org/10.1016/j.clinre.2017.04.008
https://www.ncbi.nlm.nih.gov/pubmed/28601590
https://doi.org/10.1165/rcmb.2007-0330OC
https://www.ncbi.nlm.nih.gov/pubmed/18441281
https://doi.org/10.3390/ijms18030606
https://www.ncbi.nlm.nih.gov/pubmed/28287424
https://doi.org/10.1038/s41598-018-26501-6
https://www.ncbi.nlm.nih.gov/pubmed/29849053
https://doi.org/10.4161/auto.6.8.13367
https://www.ncbi.nlm.nih.gov/pubmed/20861675
https://doi.org/10.1158/0008-5472.CAN-11-2291
https://doi.org/10.1111/jcmm.12419
https://doi.org/10.1155/2013/157103
https://www.ncbi.nlm.nih.gov/pubmed/23766911
https://doi.org/10.1038/s41598-017-13485-y
https://www.ncbi.nlm.nih.gov/pubmed/29021584
https://doi.org/10.3390/ijms20174134
https://www.ncbi.nlm.nih.gov/pubmed/31450620
https://doi.org/10.1038/s41598-021-85785-3
https://www.ncbi.nlm.nih.gov/pubmed/33737667

Int. J. Mol. Sci. 2024, 25, 5844 15 of 15

25.

26.

27.

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Olcum, M.; Tufekci, K.U.; Durur, D.Y.; Tastan, B.; Gokbayrak, I.N.; Genc, K.; Geng, S. Ethyl Pyruvate Attenuates Microglial NLRP3
Inflammasome Activation via Inhibition of HMGB1/NF-kB/miR-223 Signaling. Antioxidants 2021, 10, 745. [CrossRef] [PubMed]
Zhu, X.; Messer, ].S.; Wang, Y.; Lin, F.; Cham, C.M.; Chang, J.; Billiar, T.R.; Lotze, M.T.; Boone, D.L.; Chang, E.B. Cytosolic HMGB1
controls the cellular autophagy/apoptosis checkpoint during inflammation. J. Clin. Investig. 2015, 125, 1098-1110. [CrossRef]
Ulloa, L.; Ochani, M.; Yang, H.; Tanovic, M.; Halperin, D.; Yang, R.; Czura, C.J.; Fink, M.P,; Tracey, K.]J. Ethyl pyruvate prevents
lethality in mice with established lethal sepsis and systemic inflammation. Proc. Natl. Acad. Sci. USA 2002, 99, 12351-12356.
[CrossRef] [PubMed]

Kim, J.; Park, J.C.; Lee, M.H.; Yang, C.E.; Lee, ].H.; Lee, W.J. High-Mobility Group Box 1 Mediates Fibroblast Activity via
RAGE-MAPK and NF-«B Signaling in Keloid Scar Formation. Int. J. Mol. Sci. 2017, 19, 76. [CrossRef] [PubMed]

Ghaffari, A.; Kilani, R.T.; Ghahary, A. Keratinocyte-conditioned media regulate collagen expression in dermal fibroblasts.
J. Investig. Dermatol. 2009, 129, 340-347. [CrossRef]

Das, U.N. Pyruvate is an endogenous anti-inflammatory and anti-oxidant molecule. Med. Sci. Monit. 2006, 12, Ra79-Ra84.

Lu, C,; Wang, C.; Xiao, H.; Chen, M.; Yang, Z.; Liang, Z.; Wang, H.; Liu, Y; Yang, Y.; Wang, Q. Ethyl pyruvate: A newly discovered
compound against ischemia-reperfusion injury in multiple organs. Pharmacol. Res. 2021, 171, 105757. [CrossRef]

Chen, B.; Na, F; Yang, H; Li, R ; Li, M,; Sun, X.; Hu, B.; Huang, G.; Lan, J.; Xu, H.; et al. Ethyl pyruvate alleviates radiation-induced
lung injury in mice. Biomed Pharmacother. 2017, 92, 468-478. [CrossRef] [PubMed]

Harvey, S.A.; Guerriero, E.; Charukamnoetkanok, N.; Piluek, J.; Schuman, J.S.; Sundarraj, N. Responses of cultured human
keratocytes and myofibroblasts to ethyl pyruvate: A microarray analysis of gene expression. Investig. Ophthalmol. Vis. Sci. 2010,
51,2917-2927. [CrossRef] [PubMed]

Santibanez, ].E; Obradovi¢, H.; Kukolj, T.; Krsti¢, J. Transforming growth factor-f, matrix metalloproteinases, and urokinase-type
plasminogen activator interaction in the cancer epithelial to mesenchymal transition. Dev. Dyn. 2018, 247, 382-395. [CrossRef]
Liang, C.-J.; Yen, Y.-H.; Hung, L.-Y,; Wang, S.-H.; Pu, C.-M.; Chien, H.-F,; Tsai, ].-S.; Lee, C.-W.; Yen, F.-L.; Chen, Y.-L. Thalidomide
inhibits fibronectin production in TGF-f1-treated normal and keloid fibroblasts via inhibition of the p38/Smad3 pathway. Biochem.
Pharmacol. 2013, 85, 1594-1602. [CrossRef] [PubMed]

Tang, M.; Bian, W.; Cheng, L.; Zhang, L.; Jin, R.; Wang, W.; Zhang, Y. Ginsenoside Rg3 inhibits keloid fibroblast proliferation,
angiogenesis and collagen synthesis in vitro via the TGF-f/Smad and ERK signaling pathways. Int. J. Mol. Med. 2018,
41, 1487-1499. [CrossRef]

Dang, C.M.; Beanes, S.R.; Lee, H.; Zhang, X.; Soo, C.; Ting, K. Scarless fetal wounds are associated with an increased matrix
metalloproteinase-to-tissue-derived inhibitor of metalloproteinase ratio. Plast. Reconstr. Surg. 2003, 111, 2273-2285. [CrossRef]
Wu, R.-N; Yu, T.-Y.; Zhou, J.-C.; Li, M.; Gao, H.-K.; Zhao, C.; Dong, R.-Q.; Peng, D.; Hu, Z.-W.; Zhang, X.-W. Targeting HMGB1
ameliorates cardiac fibrosis through restoring TLR2-mediated autophagy suppression in myocardial fibroblasts. Int. J. Cardiol.
2018, 267, 156-162. [CrossRef] [PubMed]

Albayrak, A.; Uyanik, M.H.; Cerrah, S.; Altas, S.; Dursun, H.; Demir, M.; Uslu, H. Is HMGBI a new indirect marker for revealing
fibrosis in chronic hepatitis and a new therapeutic target in treatment? Viral Immunol. 2010, 23, 633-638. [CrossRef]

Wang, W.; Qu, M.; Xu, L.; Wu, X; Gao, Z.; Gu, T.; Zhang, W.; Ding, X.; Liu, W.; Chen, Y.-L. Sorafenib exerts an anti-keloid activity
by antagonizing TGF-f3 /Smad and MAPK/ERK signaling pathways. J. Mol. Med. 2016, 94, 1181-1194. [CrossRef]

Li, Y,; Liu, H,; Liang, Y.; Peng, P.; Ma, X.; Zhang, X. DKK3 regulates cell proliferation, apoptosis and collagen synthesis in keloid
fibroblasts via TGF-1/Smad signaling pathway. Biomed. Pharmacother. 2017, 91, 174-180. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/antiox10050745
https://www.ncbi.nlm.nih.gov/pubmed/34066647
https://doi.org/10.1172/JCI76344
https://doi.org/10.1073/pnas.192222999
https://www.ncbi.nlm.nih.gov/pubmed/12209006
https://doi.org/10.3390/ijms19010076
https://www.ncbi.nlm.nih.gov/pubmed/29283384
https://doi.org/10.1038/jid.2008.253
https://doi.org/10.1016/j.phrs.2021.105757
https://doi.org/10.1016/j.biopha.2017.05.111
https://www.ncbi.nlm.nih.gov/pubmed/28570981
https://doi.org/10.1167/iovs.09-4498
https://www.ncbi.nlm.nih.gov/pubmed/20053976
https://doi.org/10.1002/dvdy.24554
https://doi.org/10.1016/j.bcp.2013.02.038
https://www.ncbi.nlm.nih.gov/pubmed/23500539
https://doi.org/10.3892/ijmm.2018.3362
https://doi.org/10.1097/01.Prs.0000060102.57809.Da
https://doi.org/10.1016/j.ijcard.2018.04.103
https://www.ncbi.nlm.nih.gov/pubmed/29957254
https://doi.org/10.1089/vim.2010.0080
https://doi.org/10.1007/s00109-016-1430-3
https://doi.org/10.1016/j.biopha.2017.03.044
https://www.ncbi.nlm.nih.gov/pubmed/28458155

	Introduction 
	Results 
	Ethyl Pyruvate Reduces Translocation of Nuclear HMGB1 
	Ethyl Pyruvate Reduces Proliferation of TGF-1 Induced HDFs and KFs 
	Effect of Ethyl Pyruvate on mRNA Expression of Collagen I and Collagen III in HDFs and KFs 
	Ethyl Pyruvate Suppressed the Collagen Type I, Collagen Type III, TGF-1, and pSmad2/3 Complex in KFs 
	Treatment of Ethyl Pyruvate Affects MMP-1 and MMP-3 mRNA Expression in HDFsand KFs 
	Ethyl Pyruvate Suppresses Collagen I and III, Fibronectin, and Elastin in Keloid Spheroids 
	Ethyl Pyruvate Suppresses HMGB1, ERK1/2, and AKT Expression in Keloid Spheroids 

	Discussion 
	Materials and Methods 
	Preparation of Cells 
	Preparation of Keloid Spheroids 
	Methyl Thiazolyl-Diphenyl-Tetrazolium Bromide (MTT) Assay 
	Western Blotting Analysis for Collagen Markers and Profibrotic Markers 
	Enzyme-Linked Immunosorbent Assay (ELISA) 
	Quantitative Real-Time Polymerase Chain Reaction (qPCR) 
	Histology and Immunohistochemistry (IHC) of Keloid Spheroids 
	Statistical Analysis 

	Conclusions 
	References

