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Abstract

Background: During the healing process, platelet-derived growth factor
(PDGF) stimulates the regeneration of damaged tissue by interacting with
PDGF receptor (PDGFR). This research seeks to investigate how PDGFR
promotes the differentiation of adipose-derived mesenchymal stem cells
(ADMSC:s) into epidermal cells.

Methods: ADMSCs were initially induced to differentiate into epidermal
cells using an epidermal cell induction medium. Following the induction,
cell morphology was examined microscopically, and immunofluorescence
was employed to assess the fluorescence intensity of epidermal cell
markers CK19 and CK10. Subsequently, cells were transfected with oe-
PDGFR and exposed to the PDGF inducer PDGF-BB. Western blot and
qPCR were used to determine PDGFR levels in the mRNA and protein.
Cell proliferation and migration were evaluated through CCK-8 and
Transwell assays.The expression levels of CK19 and CK10 was further
analyzed via Western blot. In addition, bioinformatics analysis of RNA
sequences were conducted to find out potential downstream targets and
elucidate the molecular mechanisms.

Results: Upon culturing in the epidermal cell medium, ADMSCs
transformed from spindle-shaped to round or oval forms, were arranged
in a cobblestone pattern, and exhibited high expression levels of CK19
and CK10. PDGFR expression was significantly increased following
transfection with oe-PDGFR. Notably, the increased expression of
PDGFR significantly enhanced cell proliferation and migration, elevated
the expression levels of CK19 and CK10, and activated the ERK and
AKT signaling pathways. The study combined bioinformatics analysis
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traumas that compromise its essential barrier function [2,3].
Therefore, promoting skin wound healing is crucial to ensure
barrier function is restored. Traditional methods for skin
repair include autografts, allografts, xenografts, and artificial
substitutes [4]. However, these conventional therapies are
constrained by limitations related to donor skin availability
as well as significant risks associated with immune rejection
and infectious diseases linked to allografts and xenografts
[5]. Therefore, there is an urgent need for enhanced strategies
in skin repair.

The development of skin substitutes has advanced
considerably alongside innovations in tissue engineering
technology. Adipose-derived mesenchymal stem cells
(ADMSCs) were first characterized and isolated in the year
2001 [6]. These cells demonstrate self-renewal capabilities
along with stable proliferation and multi-lineage differentiation
potential [7,8]. The derivation of ADMSCs from mesodermal
progenitors within adipose tissue enables their differentiate
into various cell types under specific conditions [9,10].
Due to their abundant availability, ease of acquisition, low
immunogenicity, and ease of in vitro expansion, ADMSCs
present significant promise for application in cutaneous
wound repair [11,12]. Recent studies have indicated that
incorporating diverse stimulating factors during ADMSC
culture can effectively mimic the native microenvironment
of skin while promoting differentiation into a variety of
cellular phenotypes [13]. For instance, studies have revealed
that apoptotic bodies released from ADMSCs contain
miRNA-21-5p which specifically targets KLF6 to promote
M2 polarization in macrophages, thereby facilitating the
acceleration of wound healing processes [14]. Furthermore,
another study demonstrated a marked increase in epidermal
cell markers following 8 weeks post-transplantation of GFP+
transfected ADMSCs into murine models [15]. This suggests
a capacity for ADMSCs to differentiate into epidermal cells
although precise molecular mechanisms governing this
differentiation remain elusive.

Platelet-rich plasma (PRP) is rich in growth factors
derived from blood plasma. It serves a significant function in
the recruitment of regenerative cells and the enhancement of
wound healing [16]. The regenerative efficacy attributed to
PRP may be due largely to its elevated concentrations of key
growth factors such as platelet-derived growth factor (PDGF)
[17]. PDGF was first discovered in fibroblasts and smooth
muscle cells, where it acts as a powerful mitogen capable of
stimulating both cell proliferation and differentiation [18].
Research findings suggest that epidermal stem cells obtained
from human dermis exhibit improved proliferation rates and
migration capacties when stimulated by PDGF [19]. The
PDGF receptor (PDGFR), comprising the isoforms PDGFRa
and PDGFRp, operates as a tyrosine kinase receptor. PDGF
binds to PDGFR in a dimerized conformation, thereby
activating the receptors. This activation subsequently triggers
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downstream signaling pathways that facilitate cellular
proliferation and migration [20,21]. Earlier investigations
have shown that ADMSCs express the PDGFR [22].
Consequently, it is hypothesized that the activation of
PDGFR may promote the differentiation of ADMSCs into
epidermal cells, thereby facilitating skin wound repair. This
research examines how activated PDGFR may enhance the
differentiation of ADMSCs into epidermal cells, while also
exploring the mechanisms that underlie this process.

Materials and Methods
ADMSC culture

ADMSCs were obtained from Lonza (Walkersville, USA)
and cultured in 90% L-Dulbecco’s modified Eagle’s medium
(Gibco, USA) supplemented with 10% Fetal Bovine Serum
(FBS, Hyclone, USA). A controlled environment of 37°C
and 5% CO, was maintained for cell cultivation. The medium
was renewed every 2 days, and the cells were subcultured
as necessary. Subsequent experiments utilized cells from the
third passage. The characteristics of ADMSCs were evaluated
through flow cytometry, employing FITC-conjugated
antibodies targeting CD29, CD90, CD44, CD34, and CD45
(all from Abcam, USA) markers. And then the morphology
of ADMSCs was examined using an [X73 microscope.

ADMSC:s differentiation

To induce differentiation into epidermal cells, third
passage ADMSCs were cultured in an epidermal cell
induction medium comprising 20 ng/ml epidermal growth
factor (EGF, Sigma, USA), 5 ng/ml basic fibroblast growth
factor (bFGF, R&D Systems, USA), 5 uM all-trans retinoic
acid (ATRA, Sigma, USA), 0.1 uM dexamethasone, and
DMEM/F-12 (DF-12, Gibco, USA) supplemented with 1%
Insulin/Transferrin/Selenium (ITS, Sigma, USA) [23]. The
medium was refreshed every 2 days. After a 7-day induction
period, the characteristics of the resulting epidermal cells were
evaluated using FITC-conjugated antibodies targeting CK10
and CK19 (all from Abcam, USA) markers. Subsequently, the
induction medium was replaced with a complete epidermal
cell medium containing insulin, hydrocortisone, transferrin,
and DF-12 supplemented with 10% FBS, followed by an
additional 3 weeks of culture for the ADMSCs. Following
this induction phase, ADMSCs were exposed to PDGF-BB
(Sigma, USA) for a period of 24 hours.

Cell transfection

The pLV-Puro vector (Suzhou Jima Gene Co. Ltd,
China) was utilized to construct the PDGFR overexpres-
sion plasmid, while small interfering RNA (si-HMGA1)
from the same company was employed to downregulate
HMGA1 expression. The HMGA1 sequence was 5-UG-
GACUUCGAGCUCGACUCAC-3, and the negative control
(NC) siRNA sequence was 5S-CACCGTTCTCCGAACGT-
GTCACGTTTCAAGAGAACGTGACACGTTCGGAGA-
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ATTTTTTG-3. Following the manufacturer's protocol, these
vectors along with their respective negative controls were
transfected into ADMSCs by means of Lipofectamine 3000
(Invitrogen, USA). Following an 8 hours incubation, a com-
plete medium was introduced, and the cells were further cul-
tured for 24 hours in the absence of vectors. Upon comple-
tion of this culture period, ADMSCs were harvested to assess
transfection efficiency.

CCKS assay

A total of 2000 ADMSCs were inoculated into each
well of a 96-well plate, with 6 replicate wells allocated for
each group. Following an incubation period of 24 hours,
the ADMSCs were treated with CCK-8 solution (Beyotime
Biotechnology, China) and incubated for an additional 2
hours in each well. The optical density (OD) at 450 nm was
measured using a microplate reader.

Transwell assay

The Transwell assay was carried out following
manufacturer’s protocols. Briefly, a solution containing
ADMSCs at a concentration of 5x10° cells/ml was placed
into the upper chambers of the Transwell system. Following
an incubation period of 24 hours, absolute ethanol solution
was used to fix the cells on the membranes, and staining
with 0.1% crystal violet (Millipore, MA) was performed
for an additional 10 minutes. Finally, microscopy analysis
was conducted using an Olympus microscope to assess cell
morphology.

Immunofluorescence staining

ADMSCs were collected and plated into 6-well plates
at a concentration of 2x10° cells per well, followed by a
incubation period of 24 hours. Thereafter, the cells were
fixed in 4% paraformaldehyde for a duration of 20 minutes,
followed by permeabilization with a 0.5% Triton X-100
solution. The cells were treated overnight with primary
antibodies specific to CK10 and CK19 (Abcam, USA).
Following this incubation, the cells received an additional
one-hour treatment with either Alexa Fluor 488-conjugated
anti-mouse IgG secondary antibodies (Abcam, USA) or
without them at ambient temperature. Afterward, the nuclei
of ADMSCs were labeled with DAPI, a fluorescent dye, and
subsequently examined with a confocal microscope.
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Quantitative PCR (qPCR)

RNA was meticulously extracted from ADMSCs utilizing
TRIzol Reagent (Invitrogen, USA). Subsequently, the
synthesis of complementary DNA (cDNA) was conducted
utilizing the HiScript 11l 1st Strand ¢cDNA Synthesis Kit
(azyme, China). qPCR was then conducted using the Taq
Pro Universal SYBR qPCR Master Mix (Vazyme, China).
GAPDH served as the internal control for relative quantitative
analysis. JPCR analysis was repeated 3 times. The primer
sequences are comprehensively presented in Table 1.

Western blot

The protein samples underwent sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) and
were subsequently transferred to a PVDF membrane.The
membrane was blocked and subsequently incubated all-
rnight at 4°C in a solution containing the primary antibodies
against PDGRR, p53, HMGBA1, ERK1/2, p-ERK1/2, AKT,
p-AET (all from Cell Signaling Technology, USA ) and
GAPDH (ABclonal, China).Following washing, incubation
with the secondary antibodies against were performed for 2
hours, after which the target bands were visualized using a
chemiluminescent substrate. Bands were detected employing
Prime Western blot reagent, and band intensity values were
analyzed using ImageJ software.

RNA sequencing (RNA-seq)

In accordance with previous studies, total RNA was
extracted and the integrity of the RNA was evaluated using
a Bioanalyzer 2100. Purified mRNA was fragmented with
fragmentation buffer. A random hexamer-primed reverse
transcription method was employed to synthesize first-
strand cDNA, followed by the synthesis of second-strand
cDNA. Subsequently, amplification of cDNA fragments was
performed via PCR. The double-stranded PCR products were
subjected to heat denaturation and subsequently circularized
using the splint oligonucleotide sequence to generate the
final cDNA library. Library quality was evaluated with the
Bioanalyzer 2100 and paired-end sequencing was performed
on a BGIseq500 platform.

RNA-seq data processing and analysis

Date are from triplicate RNA-seq analysis.The
sequencing data were meticulously filtered utilizing SOA

Table 1: Primer sequence

Gene Forward (5—3’)

PDGFR CCATCAGCAGCAAGGCGA
CK10 CCCTGGGCTAAACAGCATCA
CK19 GAAGGATGCTGAAGCCTGGT

HMGA1 AGCGAAGTGCCAACACCTAAG

GADPH AATGGGCAGCCGTTAGGAAA

Reverse (5—3’)
GAACGAAGGTGCTGGAGACA
AAAGAGCCACCACTGAACCC
GTCAGTAACCTCGGACCTGC
TGGTGGTTTTCCGGGTCTTG

GCCCAATACGACCAAATCAGAG
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Pnuke (v1.5.2) in accordance with the following criteria:
(1) removal of sequencing adapter; (2) a base ratio of low-
quality reads exceeding 20% (base quality less than 5); (3)
the ratio of unknown bases ('N' bases) exceeded 5%. The
clean reads were aligned to the reference genome (hg38)
utilizing HISAT2 (v2.0.4). The alignment of clean reads to
the reference gene set was conducted using Bowtie2 (v2.2.5),
followed by the application of RSEM (v1.2.12) to quantify
the expression levels of each gene.

DESeq2 was utilized to assess differential expressions
between the oe-NC and oe-PDGFR groups, with genes defined
as differentially expressed genes (DEGs) if they exhibited
an adjusted P-value < 0.05 and |log2 fold change (FC)| > 2.
Conduct a comprehensive pathway enrichment analysis and
an extensive gene set enrichment analysis employing Gene
Ontology (GO) alongside the Kyoto Encyclopedia of Genes
and Genomes (KEGG).

Statistical analysis

Data analysis was conducted with GraphPad Prism
9.0. Continuous variables are presented as meantstandard
deviation. The t-test was used for comparisons between two
groups, whereas one-way ANOVA was applied for assessing
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differences among multiple groups. Pairwise comparisons
were performed using the LSD-T test. A P-value of less than
0.05 was considered statistically significant.

Results

Inducing ADMSCs to differentiate into epidermal
cells

The expression of surface marker on ADMSCs was
evaluated using flow cytometry assay before initiating
differentiation into epidermal cells. The results demonstrated
a high expression of CD29, CD90, and CD44 in these cells,
while CD34 and CD45 were not detected (Figure 1A).
Throughout the differentiation process, cell morphology
was observed under a microscope. After 3 days, the cells
transitioned from a spindle shape to round or oval forms.
By day 7, most cells displayed predominantly round or
oval morphology and were organized in a paving stone-like
arrangement (Figure 1B). At the end of the differentiation
period, re-evaluation of surface markers revealed sustained
high levels of CD29 and CD44 expression, however, there
was an absence of CD34 (Figure 1C). Immunofluorescence
analysis showed a marked increase in staining intensity for
CK19 and CK10 (Figure 1D). These findings substantiate the
successful differentiation of ADMSCs into epidermal cells.
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Figure 1: Epidermal cells were successfully differentiated from ADMSCs.
(A) The expression levels of CD29, CD90, CD44, CD34, and CD45 on ADMSCs detected by flow cytometry. (B) Morphological alterations in
ADMSCs were noted under microscopic examination following 0, 3, and 7 days of treatment with differentiation medium. Scale bars represent
50 um. (C) The espression levels of CD29, CD44, and CD34 on ADMSCs after 7 days of differentiation detected by flow cytometry. (D)
Immunofluorescence staining with anti-CK 19 (green), anti-CK 10 (red) and DAPI (blue) on ADMSCs after 7 days of differentiation. Scale bars

represent 100 pm.
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(A) The expression levels of CD29, CD90, CD44, CD34,
and CD45 on ADMSCs detected by flow cytometry. (B)
Morphological alterations in ADMSCs were noted under
microscopic examination following 0, 3, and 7 days of
treatment with differentiation medium. Scale bars represent
50 um. (C) The espression levels of CD29, CD44, and CD34
on ADMSC:s after 7 days of differentiation detected by flow
cytometry. (D) Immunofluorescence staining with anti-CK19
(green), anti-CK10 (red) and DAPI (blue) on ADMSCs after
7 days of differentiation. Scale bars represent 100 pm.

PDGFR overexpression promoted the differentiation
of ADMSC:s into epidermal cells

Previous studies have demonstrated that PDGF binds to
PDGFR, thereby facilitating cell proliferation, migration,
and invasion [24]. This study examined the function of
PDGFR in facilitating epidermal differentiation of ADMSCs.
Following differentiation induction, cells were exposed
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to PDGF-BB for a duration of 24 hours and subsequently
transfected with either 0oe-NC or oe-PDGFR. The results
revealed a marked elevation in the expression level of
PDGFR following the transfection with oe-PDGFR (Figure
2A-2B). The CCKS assay demonstrated that overexpression
of PDGFR significantly increased cell viability (Figure
2C). Additionally, Transwell assay showed that PDGFR
overexpression effectively promoted cell migration (Figure
2D). Furthermore, qPCR results revealed elevated expression
level of CK19 and CK10 following PDGFR overexpression
(Figure 2E). Previous reports have indicated that PDGF
facilitates the activation of ERK and AKT phosphorylation
in ADMSCs [25, 26]. We investigate whether these pathways
are similarly activated following PDGFR overexpression.
Our findings demonstrated a significant increase in ERK and
AKT phosphorylation subsequent to PDGFR overexpression,
confirming the activation of these two signaling pathways
(Figure 2F).
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Figure 2: Overexpression of PDGFR facilitated the differentiation of ADMSCs into epidermal cells.

(A) The mRNA levels of PDGFR detected by gPCR. (B) The protein levels of PDGFR detected by Western blot. (C) CCK8 assay for cell
viability. (D) Transwell assay for cell migration. Scale bars represent 50 pm. (E) The mRNA levels of CK19 and CK10 detected by qPCR. (F)
Western blot and semi-quantification of phosphorylated ERK(p-ERK), ERK, phosphorylated AKT(p-AKT) and AKT of ADMSCs. Date from

3 independent experiment ,** P < (0.01; *** P <0.001.
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Overexpression of PDGFR upregulated HMAGI1
expression and modulation the pS3 signaling
pathway

The molecular mechanism by which PDGFR facilitates
the differentiation of ADMSC into epidermal cells was
investigated though RNA sequencing of cells transfected with
either oe-NC or oe-PDGFR. This analysis identified 6,742
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DEGs, including 6,432 upregulated and 310 downregulated
genes (Figure 3A-3B). Among these DEGs, HMGAI
emerged as a prominent factor, it is a chromatin remodeling
factor recognized for its role in promoting cell proliferation
and migration [27]. Subsequently, comprehensive analyses
of GO and KEGG pathway were conducted on these DEGs.
The functional annotation through GO classified the results
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Figure 3: Overexpression of PDGFR increased HMAG]1 expression and inhibited the activation of the p53 pathway.

(A) Volcano plot for RNA-seq data analysis for DEGs. (B) Heatmap for RNA-seq data analysis for DEGs. (C) Dotplot of KEGG pathway
analysis. (D) Barplot of GO enrichment analysis. (E) The mRNA levels of HMGAT1 detected by qPCR. (F) Western blot and semi-quantification
of HMGAL1. (G) Western blot and semi-quantification of p53. Date from 3 independent experiment, * P < 0.05; ** P <0.01; *** P <0.001.

Citation: Yan-Hong Wu, Jian-Wu Chen, Yu-Zhi Wang, Peng Liu, Zhong-Shan Wang, Xiao-Qiang Chen. PDGFR Upregulates HMGA1 Expression
in the P53 Pathway to Facilitate Epidermal Differentiation of Adipose-Derived Mesenchymal Stem Cells. Journal of Women'’s Health and

Development 8 (2025): 32-43.



Wu'Y, et al., J Women'’s Health Dev 2025
DOI:10.26502/fjiwhd.2644-288400138

Journals

into biological processes (BP), cellular components (CC),
and molecular functions (MF). BP analysis indicated
enrichment in cytoplasmic translation, cellular respiration,
and mitochondrion organization. CC analysis revealed
significant enrichment for the cytosolic ribosome, ribosome,
and pigment granule. MF analysis indicated that the DEGs
were significantly associated with electron transfer activity,
structural constituent of ribosome, and cadherin binding.
Additionally, the KEGG pathways highlighted that these
DEGs are critically involved in ribosome biogenesis and the
cell cycle, as well as in the p53 signaling pathway (Figure 3C-
3D). Previous studies have reported the complexity of the p53
signaling network and its critical role in apoptosis regulation
[28]. To validate our RNA sequencing results, gPCR and
Western blot analyses were conducted. A notable elevation
in HMGAL1 levels was detected in the oe-PDGFR group when
compared to the oe-NC group (Figure 3E-3F). Additionally,
Western blot analysis revealed that the overexpression of
PDGFR notably reduced the levels of p53 expression (Figure
3QG).

Overexpression of PDGFR facilitated the
differentiation of ADMSCs into epidermal cells
through upregulating of HMGA1

Subsequently, HMGA1 expression was inhibited by
transfecting cells with si-HMGA1. Western blot analysis
revealed that transfection with oe-PDGFR alone significantly
elevated HMGA1 levels, while co-transfection with both
0e-PDGFR and si-HMGAI1 reversed this effect (Figure
4A). Moreover, si-HMGA1 diminished the enhanced cell
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viability induced by oe-PDGFR (Figure 4B). Additionally,
si-HMGA counteracted the promoting effects of oe-PDGFR
on cell migration (Figure 4C). Furthermore, si-HMGAL also
reversed the increased expression of CK19 and CK10 caused
by 0oe-PDGFR (Figure 4D).

Overexpression of PDGFR facilitated the differentiation
of ADMSCs into epidermal cells via the p53 signaling
pathway

To investigate whether PDGFR promoted the
differentiation of ADMSCs into epidermal cells via the p53
signaling pathway, we treated the cells with Nutlin3a, a
p53 activator. The analysis resultes indicated that Nutlin3a
mitigated the downregulation of p53 induced by oe-PDGFR
(Figure 5A). Compared to the oe-PDGFR+DMSO group,
Nutlin3a counteracted the oe-PDGFR-induced increase in
cell viability (Figure 5B). Additionally, Nutlin3a diminished
the enhancing effect of oe-PDGFR on cell migration (Figure
5C). Besides, Nutlin3a reversed the elevated expression of
CK19 and CK10 caused by oe-PDGFR (Figure 5D).

Overexpression of PDGFR suppressed the activation
of the p53 signaling pathway by upregulating
HMGA1

Finally, a Western blot was performed to determine
whether PDGFR inhibits the p53 signaling pathway through
HMGAT1 upregulation. The findings indicated that the
introduction of oe-PDGFR resulted in a significant decrease
in p53 expression. Howerver, transfection with si-HMGA1
effectively reversed this effect (Figure 6A). Collectively, these
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Figure 4: Overexpression of PDGFR facilitated the differentiation of ADMSCs into epidermal cells by upregulating HMGAL.

(A) Western blot and semi-quantification of HMGA1. (B) CCKS8 assay for cell viability. (C) Transwell assay for cell migration. Scale bars
represent 50 pm. (D) The mRNA levels of CK19 and CK10 detected by qPCR. Date from 3 independent experiment, * P < 0.05; ** P <0.01;

**% P <0.001.
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Figure 5: Overexpression of PDGFR facilitated the differentiation of ADMSCs into epidermal cells by inhibiting the activation of the p53
pathway.

(A) Western blot and semi-quantification of p53. (B) CCKS assay for cell viability. (C) Transwell assay for cell migration. Scale bars represent
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findings suggest that PDGFR overexpression upregulates
HMGAI, thereby facilitating the differentiation of ADMSCs
into epidermal cells via the p53 pathway (Figure 6B).

Discussion

Currently, existing skin repair methods exhibit several
limitations, highlighting the urgent need for innovative
strategies to enhance skin regeneration and expedite wound
healing [29]. ADMSCs are increasingly acknowledged
as optimal seed cells for cell transplantation and tissue
engineering due to their availability, minimal invasiveness,
rapid in vitro proliferation, and stable biological characteristics
[30, 31]. This research intends to explore the function of
PDGFR in the process by which ADMSCs differentiate
into epidermal cells. Prior to inducing differentiation, the
expression of surface markers on ADMSCs was assessed.
Previous studies have demonstrated that ADMSCs exhibit a
variety of mesenchymal stem cell markers, such as CD29,
CD90 and CDI105. However, they lack hematopoietic
markers such as CD34 and CD45 [32]. Our investigation
revealed that following culture in epidermal cell medium,
the cells underwent morphological changes from spindle-
shaped to round or oval forms and arranged themselves in a
cobblestone-like pattern. Additionally, the expression levels
of epidermal cell marker CK19 and skin stem cell marker
CK10 [33] were found to be elevated. These findings suggest
that ADMSCs have been effectively prompted to differentiate
into epidermal cells.

In this study, cells were engineered to overexpress PDGFR
and subsequently treated with the PDGF inducer PDGF-
BB to elucidate the role of PDGFR in the differentiation
of ADMSCs. Prior research has demonstrated that PDGF
stimulates cell proliferation, migration, and angiogenesis
through its interaction with PDGFR [34]. Many investigations
have emphasized the critical importance of PDGF in the
process of wound healing. For instance, PDGF accelerates
wound repair by mitigating oxidative stress and inflammatory
responses [35]. Furthermore, N. sativa seed extract has been
shown to enhance wound healing by upregulating both PDGF
and VEGF expression levels [36]. Our findings indicate
that the overexpression of PDGFR significantly modulates
cell proliferation and migration capabilities, concurrently
enhancing epidermal markers expression and activating
pertinent signaling pathways. These findings imply that
PDGFR could promote the differentiation of ADMSCs into
epidermal cells.

RNA sequencing was performed on cells transfected
with either oe-NC or oe-PDGFR to identify the downstream
targets of PDGFR. Differential expression analysis identified
a total of 6,432 DEGs, among which HMGA1 emerged as
a significant candidate. Notably, when comparing cells
transfected with oe-PDGFR to those with oe-NC, HMGA1
expression was markedly elevated. The High Mobility
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Group (HMG) proteins are non-histone chromatin-associated
proteins that indirectly modify higher-order chromatin
structures to regulate transcription [37]. The HMG protein
family encompasses HMGA, HMGB, and HMGN, with
the HMGA subfamily further classified into HMGA1 and
HMGAZ? based on their encoding genes [38]. The AT-hook
DNA-binding domain of HMGA proteins interacts with
AT-rich regions in nuclear chromatin, facilitating DNA
bending, stretching, or looping. Thus, HMGAI is regarded
as a structural transcription factor [39]. Substantial evidence
indicates that HMGAI1 participates in transcriptional
regulation, DNA damage repair, and tumor malignancy
[40,41]. Currently, research on HMGAI1 primarily focuses
on its role in tumors; however, its potential involvement
in skin repair remains unclear. Our study demonstrates
that PDGFR overexpression significantly upregulates the
expression of HMGAIL. To investigate whether PDGFR
enhances the differentiation of ADMSCs into epidermal cells
by upregulating HMGA1, we co-transfected cells with oe-
PDGFR and an si-HMGA1 plasmid. Our results indicate that
silencing of HMGA partially reverses the effects of PDGFR
overexpression on cell proliferation and migration while
mitigating the increased expression levels of CK19 and CK10
induced by PDGFR. These findings indicate that PDGFR
promotes the differentiation of ADMSCs into epidermal cells
by upregulation of HMGAI.

An analysis of the KEGG pathways was conducted
on DEGs to explore the mechanisms by which PDGFR
facilitates the differentiation of ADMSCs into epidermal
cells. Notably, the findings indicated significant enrichment
in the p53 signaling pathway. As a critical tumor suppressor,
p53 enhances cellular metabolism and structural integrity by
modulating cell cycle progression, apoptosis, senescence,
and DNA repair processes, thus inhibiting cancer cell
proliferation and metastasis. This study demonstrated that
overexpression of PDGFR resulted in decreased expression
levels of p53 [42]. Consequently, it is proposed that PDGFR
overexpression promotes ADMSC differentiation into
epidermal cells through suppression of p53 activation. To
validate this hypothesis, rescue experiments were performed
using Nutlin3a as a p53 pathway activator. Our results
revealed that Nutlin3a not only counteracted the effects of
PDGFR overexpression on cell proliferation and migration
but also alleviated the increases in CK19 and CK10 levels
induced by PDGFR. Furthermore, si-HMGA1 partially
mitigated the inhibitory effects on p53 expression caused
by PDGFR overexpression, suggesting that PDGFR inhibits
activation of the p53 pathway via upregulation of HMGAL.

This study primarily investigates the molecular
mechanisms by which PDGFR facilitates the differentiation
of ADMSCs into epidermal cells at the cellular level. The
skin healing process encompasses a diverse array of cell
types, and intercellular communication involves intricate
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interactions among numerous signaling molecules and
pathways. Studies conducted at the cellular level are
limited in their ability to replicate the complexities of
physiological environments. Therefore, we will advance our
research by performing in vivo studies to achieve a more
comprehensive and authentic representation of physiological
and pathological conditions, thereby providing robust
guidance for clinical applications. Furthermore, ADMSCs
exhibit multidirectional differentiation potential, with the
stability of their differentiation into various cell types being
influenced by specific directional cues and environmental
conditions. Recent studies have indicated that factors such as
the composition of the culture medium, duration and density
of cultivation, as well as the number of passages significantly
impact the stability of ADMSCs differentiation [43]. The
instability differentiation of ADMSCs into epidermal cells
may result in suboptimal therapeutic outcomes and could
also lead to the emergence of undesired cell phenotypes,
potentially causing adverse side effects. Consequently,
our subsequent investigations will focus on elucidating the
factors that influence the stability of ADMSCs differentiation
into epidermal cells to provide strong support for harnessing
ADMSCs in wound healing therapies.

In summary, this research elucidates that the
overexpression of PDGFR facilitates the differentiation
of ADMSCs into epidermal cells, as demonstrated by
enhanced cellular proliferation and migration, increased
expression levels of epidermal markers CK9 and CKI10,
and the activation of ERK and AKT pathways. Mechanistic
investigations revealed that PDGFR overexpression leads to
an upregulation of HMGA1 expression, thereby promoting
the differentiation of ADMSCs into epidermal cells via the
p53 pathway. Epidermal cells constitute a critical population
within the skin's epidermis and are pivotal in wound healing
processes. Understanding the molecular mechanisms
underlying ADMSCs' differentiation into epidermal cells
may provide foundational insights for clinical applications
in wound healing utilizing ADMSCs, as well as novel
therapeutic strategies in skin regenerative medicine.
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