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Background: Keloid disorder manifests as the hyperproliferation of fibroblasts and resultant excessive scar formation, and the
upregulation of the MyoD family inhibitor (MDFI) has been identified in keloids. Bioinformatics predictions further suggested
an enrichment of sterol regulatory element binding transcription factor 2 (SREBF2) at theMDFI enhancer site. This study aimed
to elucidate the specific roles and the potential regulatory axis of SREBF2 and MDFI in the proliferation of keloid fibroblasts
(KFs).
Methods: The location of MDFI enhancer was predicted through bioinformatics. Chromatin immunoprecipitation followed by
polymerase chain reaction was subsequently performed to quantify the enrichment of histone H3 lysine 27 acetylation (H3K27Ac)
and SREBF2 at the MDFI enhancer in KFs derived from keloid dermis or normal skin fibroblasts (NFs) collected from adjacent
healthy skin tissues. Following transfection as appropriate, proliferation, migration and invasion ofKFswere determined through
Ki67 staining, wound healing assay andTranswell assay, respectively. Western blot or quantitative real-time reverse transcription
PCR analyses were applied to test the expression levels of MDFI, SREBF2, or apoptosis-related proteins (BCL2 associated X
(Bax), BCL2 apoptosis regulator (Bcl-2)).
Results: MDFI and SREBF2 expression levels were upregulated in keloid dermis (p < 0.05). SREBF2 was enriched in the
enhancer region of MDFI, and its silencing suppressed MDFI expression in KFs (p < 0.05). MDFI overexpression promoted
proliferation, migration and invasion, elevated Bcl-2 expression in KFs, but suppressed Bax expression, whereas MDFI silencing
did conversely (p< 0.05). SREBF2 silencing repressed proliferation, migration and invasion, diminished Bcl-2 expression in KFs,
but augmented Bax expression, which was counteracted by overexpressed MDFI (p < 0.05).
Conclusion: This study demonstrates that SREBF2 promotes KF proliferation, migration and invasion, and inhibits apoptosis by
activatingMDFI through binding toMDFI enhancer transcription. The identified SREBF2/MDFI axis presents a novel potential
therapeutic target for mitigating keloid progression.
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Introduction

Keloids are a cutaneous fibroproliferative disorder,
pathologically characterized by excessive proliferation of
fibroblasts and massive deposition of extracellular matrix
[1–4]. The causative factors of keloid include herpes zoster
infection, burns, local trauma, and surgery. [5]. Clinically,
the treatment of keloid is challenging due to its high re-
currence, extracellular matrix formation and fibroblast hy-
perproliferation [6,7]. Hence, the research targeting these
processes is of great significance to further elucidate the
pathogenesis of keloid and benefit the clinical treatment of
keloid.

In the past decade, the hyperproliferation of keloid fi-
broblasts (KFs) has garnered much attention due to its ir-
replaceable role in the progression of keloid [8,9]. The fi-
broblast hyperproliferation has been considered as one of

the main pathophysiologies in keloids [10,11], but its pre-
cise underlying mechanisms in keloids still remain unex-
plored. Therefore, this study probed into the potential key
genes involved in the regulation of KF hyperproliferation.
As a transcription factor, MyoD family inhibitor (MDFI)
primarily mediates the activity of myogenic family proteins
[12]. Also, MDFI plays an essential role in several diseases,
and acts as a potential biomarker in various cancers, includ-
ing lung adenocarcinoma [13] and colorectal cancer [14].
MDFI (I-mfa) has been shown to promote the fibronectin
production stimulated by TGF-β1 in humanmesangial cells
(MCs), potentially at the transcriptional level [15]. Accu-
mulating evidence has revealed that fibronectin is involved
in the progression of keloid, underscoring it as a promising
target for the therapeutic strategy development [16]. Be-
sides, MDFI has been proven to be expressed in both cul-
tured cells and keloid tissues, suggesting its possible in-
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volvement in the pathology of primary keloid [6]. Hence,
we selected MDFI as the candidate gene to further investi-
gate its association with KF hyperproliferation.

Furthermore, given MDFI’s role as a transcriptional
modulator, we focused on transcriptional enhancers. As
previously described, enhancers are DNA sequences, typ-
ically 200–1500 base pairs in length, that regulate gene ex-
pression. They contain sequence-specific binding sites for
transcription factors, which recognize and bind to these se-
quences, thereby initiating the transcription of target genes.
To identify potential regulators of MDFI, the location of
its enhancer was predicted using the SEdb database. Re-
markably, we found the transcription factor, sterol regula-
tory element binding transcription factor 2 (SREBF2), as
enriched within the region of MDFI enhancer. SREBF2 is
well-known for its role in lipid and cholesterol homeostasis,
and is related to hepatic steatosis and hypercholesterolemia
[17]. Moreover, SREBF2 suppression can inhibit the skin
inflammation in psoriasis [18]. Given the shared features
of dysregulated cell proliferation and inflammation in pso-
riasis and keloid, we hypothesized that SREBF2 might also
contribute to keloid formation and sought to investigate its
underlying mechanism and potential regulation of MDFI.

Collectively, the major aim of the present study is to
explore the involvement of MDFI in the proliferation of
KFs. Additionally, based on the bioinformatic predictions
and the aforementioned hypothesis, we explored whether
the enrichment of SREBF2 on MDFI enhancers is impli-
cated in regulating the proliferation of KFs.

Methods

Ethics Statement
Keloid and adjacent normal skin tissue samples were

available from 44 patients who underwent keloid resec-
tion surgery in Wu’s Logic Aesthetics Clinic. Patient re-
cruitment and sample collection were performed at Wu’s
Logic Aesthetics Clinic between January 2024 and Decem-
ber 2024. This study was conducted in accordance with
the principles outlined in the Declaration of Helsinki. All
patients have signed informed consent before the surgery.
The study protocol has been reviewed and approved by the
Ethics Committee of Wu’s Logic Aesthetics Clinic ((Re-
search) 2025- Ethics Approval -123).

Inclusion and Exclusion Criteria
The inclusion criteria were as follows: (1) patients

≥18 years old; (2) clinically diagnosed with keloids requir-
ing surgical resection; and (3) willingness to provide writ-
ten informed consent for the use of their tissue samples for
research.

The exclusion criteria were as follows: (1) a history of
radiotherapy at the keloid site; (2) administration with in-
tralesional corticosteroid or other anti-keloid therapywithin
3 months prior to surgery; (3) presence of active skin in-

fections or systemic inflammatory diseases; (4) pregnant or
lactating women; and (5) a known history of coagulation
disorders or immunodeficiency.

Isolation and Culture of KFs and Normal Skin
Fibroblasts (NFs)

In this study, KFs and NFs were isolated from the
keloid dermis and adjacent normal skin tissues from 30
patients [19]. More specifically, the obtained specimens
were cut into pieces (2–3 cm) and washed with ice-cold
phosphate-buffered saline (PBS, abs962, Absin, Shanghai,
China). Subsequently, Dispase II (D6430, Solarbio, Bei-
jing, China) was dissolved in HEPES buffer saline (H1070,
Solarbio, China) and diluted in Dulbecco’s modified Ea-
gle’s medium (DMEM, 11966-025, Thermo Fisher Scien-
tific, Waltham, MA, USA) to a final concentration of 3
mg/mL. Then, the tissue samples were incubated with 3
mg/mL Dispase II in DMEM for 1 h at 37 °C under 5%
CO2. Next, collagenase I (C8140, Solarbio, China) was
dissolved in TESCA buffer (G0150, Solarbio, China) and
diluted in DMEM to a final concentration of 1 mg/mL. Af-
ter discarding the epidermis, the dermis was minced and
digested with 1 mg/mL collagenase I in DMEM for 2.5 h at
37 °C. The resulting cell suspension was filtered through a
70-µm cell strainer and centrifuged. Following the removal
of supernatant, the cells were cultured in DMEM supple-
mented with 10% fetal bovine serum (FBS, S9030, Solar-
bio, China) and 1% penicillin-streptomycin (60162ES76,
Yeason, Shanghai, China) at 37 °C in a humidified atmo-
sphere containing 5% CO2. All cells were tested nega-
tive for mycoplasma. The identity of primary KFs and
NFs was confirmed based on their characteristic morphol-
ogy under a microscope and by immunofluorescence stain-
ing for fibroblast-specific markers-Vimentin. Based on the
specific epigenetic activation identified in KFs, all subse-
quent functional experiments were performed using these
KF cells.

Immunofluorescence Staining
Briefly, NFs and KFs cells grown on glass cover-

slips were fixed with 4% paraformaldehyde for 15 min-
utes at room temperature, followed by permeabilization
with 0.1% Triton X-100 for 10 minutes. After block-
ing with 5% bovine serum albumin (BSA) for 1 hour, the
cells were incubated overnight at 4 °C with a primary anti-
body against Vimentin (2 µg/mL, ab92547, Abcam, UK).
Subsequently, cells were incubated with an appropriate
fluorophore-conjugated secondary antibody against Rabbit
IgG (1:1000, ab99697, Abcam, UK) for 1 hour at room tem-
perature in the dark. Cell nuclei were counterstained with
4′,6-diamidino-2-phenylindole (DAPI) (abs47047616, Ab-
sin, China). Finally, the coverslips weremounted onto glass
slides, and images were captured using a fluorescence mi-
croscope (Olympus, Tokyo, Japan).
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Cell Transfection
The small interfering RNA targeting MDFI (siMDFI,

forward, 5′-AUUUUUCUGUCCUCUAAGCCU-3′;
reverse, 5′-GCUUAGAGGACAGAAAAAUGU-
3′), SREBF2 (siSREBF2, forward, 5′-
UCAUUACCGUCUGUUGUUGCA-3′; re-
verse, 5′-CAACAACAGACGGUAAUGAUC-3′)
and their negative control (siNC, forward, 5′-
UUCUCCGAACGUGUCACGU-3′; reverse, 5′-
ACGUGACACGUUCGGAGAA-3′) were constructed
using GenePharma (Shanghai, China). Meanwhile,
the sequence of MDFI was amplified and ligated onto
pcDNA3.1 vectors (VT1001, YouBio, Changsha, China)
for the corresponding overexpression plasmids, while its
NC (5′-CTAGAGAACCCACTGCTTAC-3′) was also
obtained. The coding sequence (CDS) region of MDFI
was provided in the supplementary materials. Then, the
lipofectamine™ 3000 transfection reagent (L3000015,
Thermo Fisher Scientific, USA) was used for correspond-
ing transfection after the cell confluence reached 90%
in a 96-well plate. In detail, the Lipofectamine™ 3000
reagent, siRNA, and overexpression plasmids were diluted
in the Opti-MEM™ medium (31985062, Thermo Fisher
Scientific, USA). After that, plasmids were mixed with
P3000 reagent, and siRNA/plasmids were added into the
tubes and incubated with diluted lipofectamine™ 3000
transfection reagent for 10 min at room temperature.
Finally, gene-lipid complexes were added to each well and
incubated for another 48 h at 37 °C.

Bioinformatics
SEdb 2.0 (http://www.licpathway.net/sedb/) was em-

ployed to predict the location of MDFI enhancer and its
binding relation with transcription factors.

Chromatin Immunoprecipitation-qPCR
(ChIP-qPCR) Analysis

In brief, KFs and NFs were firstly cross-linked us-
ing 1% formaldehyde (F8775, Sigma-Aldrich, Darmstadt,
Germany) for 10 min at room temperature, lysed with lysis
buffer (#9803, Cell Signaling Technology, Danvers, MA,
USA), and centrifuged at 2500 ×g for 10 min. Afterwards,
the resulting supernatant was harvested and incubated with
the antibodies against either control IgG (26156, Thermo
Fisher Scientific, USA), or SREBF2 (1:200, #25940, Cell
Signaling Technology, Danvers, MA, USA)/histone H3 ly-
sine 27 acetylation (H3K27Ac, 1:100, ab4729, Abcam,
UK) at 4 °C overnight. Then, the protein agarose was em-
ployed to precipitate the compound of endogenous DNA-
protein, which was de-crosslinked at 65 °C overnight. Fi-
nally, the DNA fragments were extracted, purified, and
recycled with phenol/chloroform (AK169, MREDA, Bei-
jing, China), and the enrichment of SREBF2/H3K27Acwas
evaluated via quantitative real-time reverse transcription
PCR (qRT-PCR) [20].

The PCR sequences used in this part were
shown as follows: MDFI (5000 bp upstream):
forward, 5′-GCATCCCCGAAATCTTGCAC-
3′; reverse, 5′-ATTCCAAGTCGCCTGCTTGA-
3′. MDFI (5000 bp downstream): forward, 5′-
CAAGTAGCTGAACCAGGGGG-3′; reverse, 5′-
CAGCAGTTGGCCTGAAAACC-3′. MDFI (enhancer):
forward, 5′-AAGGTAAGCACCCATCCCATC-3′; re-
verse, 5′-GTGTTGTAGGCACATCGGCT-3′.

Dual-Luciferase Reporter Assay
After KF cells were cultured in 96-well plates for

24 h, the MDFI-Wide-type (WT, 5′-AAAACGTGAC-3′)
or MDFI-mutant (MUT, 5′-AAAAATTGAC-3′) luciferase
vector sequence was amplified and inserted into pGL3 vec-
tor (E1751, Promega, USA). These constructs were then
co-transfected with either siSREBF2 or a negative con-
trol siRNA (siNC) into the cells using Lipofectamine 3000
reagent. Finally, the luciferase activity of the cells was de-
tected on the Luc-Screen™ Extended-Glow Luciferase Re-
porter Gene Assay System (T1033, Thermo Fisher, USA),
and data were analysed on a chemiluminescence analyser
(1410130, Thermo Fisher, USA).

qRT-PCR
Total RNA from keloid dermis, adjacent normal skin

tissues, and KFs/NFs was extracted with RNeasy mini kit
(74104, Qiagen, Hilden, Germany). Later, PrimeScript™
RT reagent kit (RR037A, TaKaRa, Beijing, China) was em-
ployed to synthesize total RNA into complementary DNA
(cDNA), after which qRT-PCR was performed on an ABI
7500 System (ABI 7500, Thermo Fisher Scientific, USA)
using 2× SYBR Green qPCR Master Mix (B21203, Bi-
make, Houston, TX, USA) at the indicated conditions: 40
cycles at 95 °C for 15 s, 55 °C for 30 s and 72 °C for 30 s.
The 2−∆∆Ct method [21] was used to calculate the expres-
sion levels of corresponding genes.

The PCR sequences were as follows: SREBF2:
forward, 5′-CAGCAGGTGCAGACAGTACA-3′; re-
verse, 5′-TCTGGATAGGGGTGGTGAGG-3′. MDFI:
forward, 5′-TTGCAGAGTTTGGACAGGCA-3′; reverse,
5′-CCCAGGAAGGAGGGATAGGG-3′. Glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) (internal loading
control): forward, 5′-TCAGCCGCATCTTCTTTTGC-3′;
reverse, 5′-ATGGTGTCTGAGCGATGTGG-3′.

Ki67 Staining
Briefly, KFs were fixed in 4% paraformaldehyde

(P1110, Solarbio, China) at room temperature for 20 min,
and permeabilized with 0.1% Triton X-100 (X100, Sigma-
Aldrich, Germany) in PBS for 5 min. Afterwards, the
cells were blocked with serum for 20 min and incubated
with primary antibody, Alexa Fluor 594-conjugated Ki-67
(#33908, Cell Signaling Technology, USA) overnight at 4
°C. DAPI solution (abs47047616, Absin, China) was used
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to achieve nuclear staining for 5 min in the dark. Subse-
quently, Ki67-positive cells were tested through a BX63
fluorescence microscope (Olympus, Tokyo, Japan) at×200
magnification. Ki67 proliferation rate (%) = (Number of
Ki67–positive cells / Number of total cells) × 100.

Wound Healing Assay
KFswere seeded in the 6-well plates at the density of 1

× 105 cells/well. Then, an artificial wound was created on
the monolayers once cells became fully confluent. Follow-
ing 24-h incubation in the culture media without serum, the
debris of these cells was removed by cotton swabs, and the
cells were observed under a DP27 inverted optical micro-
scope (Olympus, Japan) at ×100 magnification. Relative
migration rate (%) = (Wound closure of treatment group) /
(Wound closure of control group) × 100.

Transwell Assay
A Transwell chamber (8.0-µm pore size, CLS3464,

Corning Life Sciences, Corning, NY, USA) was used to
conduct the invasion assay as needed. In detail, 60 µL
Matrigel (356234, Solarbio, China) was pre-coated on the
upper chamber while KFs (1 × 105) were resuspended in
the DMEM without serum on the upper chamber. There-
after, DMEM (500 µL) with 10% FBS was added into the
lower chamber. Following 24-h incubation, the Matrigel
and the cells on the upper chamber were removed by cot-
ton swabs. Cells in the lower chambers were fixed with
4% paraformaldehyde for 10 min at room temperature, and
stained with crystal violet (abs817172, Absin, China) for
30 min. After the PBS washing, the invasive cells were ob-
served under the microscope at ×250 magnification. Rela-
tive invasion rate (%) = (Number of invaded cells in treat-
ment group) / (Number of invaded cells in control group)×
100.

Western Blotting
The total protein was isolated from KFs through RIPA

Lysis Buffer (E-BC-R327, Elabscience, Wuhan, China),
followed by concentration measurement using the BCA
protein quantification kit (P0012S, Beyotime, Shanghai,
China). Later, the protein samples were electrophorized
in 12% sodium dodecyl sulfate polyacrylamide gel elec-
trophoresis (SDS-PAGE) gels (P0672, Beyotime, China),
and transferred onto polyvinylidene fluoride (PVDF) mem-
branes (88585, Thermo Fisher Scientific, USA). The mem-
branes were then blocked with 5% non-fat skim milk
(D8340, Solarbio, China), pre-diluted in Tris Buffered
Saline with Tween-20 (T1085, Solarbio, China) for 2 h
at room temperature, incubated with primary antibodies,
BCL2 associated X (Bax) (1:1000, ab32503, 21 kDa,
Abcam, UK), BCL2 apoptosis regulator (Bcl-2) (1:1000,
ab32124, 26 kDa, Abcam, UK), and GAPDH (1:1000,
ab8245, 37 kDa, Abcam, UK), at 4 °C overnight, and fur-
ther cultured with horseradish peroxidase (HRP) labeled

secondary antibodies against Mouse IgG (1:2000, ab6728,
Abcam, UK) and Rabbit IgG (1:1000, ab99697, Abcam,
UK) for 1 h at room temperature.

Finally, the band signals were analyzed with ECL
reagent kits (FP300, ABP Biosciences, Rockville, MD,
USA) on Tanon 5200 imaging system (Shanghai, China),
followed by quantitative analysis using ImageJ 5.0 (Bio-
Rad, Hercules, CA, USA), and normalization to GAPDH
(loading control). Data are expressed as fold change rela-
tive to the control group.

Flow Cytometry
Apoptosis was evaluated using the Annexin V-FITC

Cell Apoptosis Kit (640914, BioLegend, USA). 24 h af-
ter treatment, cells were detached using Trypsin-EDTA
(C0201, Beyotime, China) and neutralized with complete
medium. Following centrifugation, the collected cells were
washed with PBS, and the pellet was resuspended in 195
µL 1X binding buffer. Cells were incubated with 5 µL An-
nexin V-FITC and 10 µL propidium iodide (PI) (15 min,
room temperature, darkness), and reacted with 400 µL of
1× binding buffer. With NovoCyte Penteon flow cytome-
ter (Agilent, USA), the levels of FITC and PI fluores-
cence were detected, and early apoptotic cells (Annexin V-
positive and PI-negative) and late apoptotic cells (positive
for both markers) were identified.

Statistical Analyses
All data were expressed as mean± standard deviation

(SD) and analyzed inGraphPad Prism 8 (GraphPad, Inc., La
Jolla, CA, USA). Data between two groups and amongmul-
tiple groups were compared with the independent samples
t-test or one-way analysis of variance, followed by Tukey’s
post hoc test. The statistical significance was defined when
the p-value was below the threshold of 0.05.

Results

MDFI and SREBF2 Expression Levels were
Upregulated in Keloid Dermis

Firstly, given the possible roles of MDFI and SREBF2
in keloid, their expression levels in keloid dermis or adja-
cent normal skin tissues were evaluated using qRT-PCR. As
shown in Fig. 1A,B, MDFI and SREBF2 expression levels
in keloid dermis were higher than those in the adjacent nor-
mal skin tissues (p < 0.05).

SREBF2 was Enriched in Region of the Enhancer
MDFI and siSREBF2 Downregulated MDFI
Expression in KFs

The binding diagram of transcription factors and en-
hancer of MDFI was shown based on SEdb 2.0 database
(Fig. 1C), predicting that SREBF2 was enriched in the
region of MDFI enhancer. Under inverted microscopy,
NFs and KFs presented distinct structures: NFs exhibited
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Fig. 1. MDFI and SREBF2 expression levels in keloid dermis, and enrichment of SREBF2 on MDFI enhancer in NFs/KFs. (A,B)
The expression levels of MDFI and SREBF2 in keloid dermis or adjacent normal skin tissues were evaluated using qRT-PCR. GAPDH
was used as a loading control. (C) The binding diagram of transcription factors and the enhancer of MDFI was shown based on SEdb 2.0
database. (D)Morphological observation of normal skin fibroblasts (NFs) and keloid fibroblasts (KFs) under a microscope (×200magni-
fication, scale bar: 100 µm). (E) Identification of NFs and KFs by immunofluorescence staining for Vimentin (×200 magnification, scale
bar: 50 µm). (F,G) ChIP-qPCR was used to measure the enrichment of H3K27Ac/SREBF2 on 5000 bp upstream/downstream region of
the enhancerMDFI or theMDFI enhancer inNFs/KFs. △△△p< 0.001 vs. Normal; †p< 0.05, †††p< 0.001 vs. 5000 bp upstream. Abbre-
viation: MDFI, MyoD family inhibitor; SREBF2, sterol regulatory element binding transcription factor 2; NFs, normal skin fibroblasts;
KFs, keloid fibroblasts; qRT-PCR, quantitative real-time reverse transcription polymerase chain reaction; GAPDH, glyceraldehyde-3-
phosphate dehydrogenase; ChIP-qPCR, Chromatin immunoprecipitation-qPCR; H3K27Ac, histone H3 lysine 27 acetylation.

a braided vortex pattern with orderly arrangement, while
KFs displayed spindle-shaped radial organization (Fig. 1D).
Immunofluorescence staining further confirmed the fibrob-
lastic identity of both cell types, as they exhibited strong
positivity for Vimentin. Additionally, both cell types ex-
hibited typical elongated fusiform morphology and demon-
strated active proliferation (Fig. 1E). It has been acknowl-
edged that H3K27ac serves as a marker for the enhancers
[22]. Herein, the results of ChIP-qPCR suggested that, in
NFs, the enrichment of H3K27Ac/SREBF2 at theMDFI en-
hancer was significantly lower than that at the 5000 bp up-
stream region of the MDFI enhancer (Fig. 1F,G, p < 0.05).
In contrast, in KFs, the enrichment of H3K27Ac/SREBF2
on the MDFI enhancer was significantly higher than that at
the corresponding 5000 bp upstream region (Fig. 1F,G, p
< 0.05). These findings confirmed that theMDFI enhancer
was activated in KFs and was associated with SREBF2 en-
richment. Then, siMDFI, overexpression plasmid ofMDFI,

or siSREBF2 was transfected into KFs. Transfection ef-
ficiency was confirmed by the decreased/increased MDFI
expression (Fig. 2A, p < 0.05) and reduced SREBF2 ex-
pression in the cells (Fig. 2B, p < 0.05). Additionally, as
shown in Fig. 2B, siSREBF2 treatment led to the down-
regulation of MDFI expression in KFs (p < 0.05). The
subsequent results of ChIP-qPCR revealed that siSREBF2
reduced SREBF2 enrichment at both the MDFI enhancer
and its 5000 bp upstream/downstream regions (Fig. 2C, p
< 0.05). Also, the relative luciferase activity was reduced
in KFs co-transfected with the MDFI-WT reporter and siS-
REBF2 (Fig. 2D, p < 0.05).

MDFI Promoted Proliferation, Migration and
Invasion, while Suppressing Apoptosis of KFs

Meanwhile, we investigated the roles of MDFI in
proliferation of KFs. In accordance with the results of
Ki67 staining, overexpressed MDFI increased the number
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Fig. 2. Effects of siMDFI/overexpressed MDFI on enrichment of SREBF2 in the region of the MDFI enhancer and proliferation
of KFs. (A,B) After siMDFI, siSREBF2, or overexpression plasmid of MDFI was transfected into KFs, MDFI/SREBF2 expression was
evaluated in the cells by qRT-PCR. GAPDH was used as a loading control. (C) Following the transfection of siSREBF2 in KFs, ChIP-
qPCR was employed to measure SREBF2 enrichment at both the MDFI enhancer and its 5000 bp upstream/downstream region. (D)
Dual-luciferase reporter assay was used to validate the binding of SREBF2 to the MDFI enhancer. (E,F) After the transfection of siMDFI
and overexpression plasmid of MDFI in KFs, Ki67 staining was used to evaluate the proliferation of KFs (scale: 50 µm; magnification:
×200). ∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001 vs. siNC. ^p < 0.05, ^^^p < 0.001 vs. NC. Abbreviation: Con, control (untreated cells);
siMDFI, small interfering RNA targeting MDFI; siSREBF2, small interfering RNA targeting SREBF2; siNC, small interfering RNA
negative control; NC, negative control.

of Ki67-positive cells (Fig. 2E,F, p < 0.05), whereas the
siMDFI exerted an opposite effect (Fig. 2E,F, p< 0.05), im-
plying thatMDFI boosted the proliferation of KFs. Besides,
the results of wound healing assay (Fig. 3A,C) and Tran-
swell assay (Fig. 3B,D) demonstrated that overexpressed
MDFI elevated the migration/invasion rate in KFs (p <

0.05), but siMDFI resulted in opposite trends (p < 0.05).
In light of previous research, the Bcl-2 protein family plays
a central role in the process of apoptosis, comprising pro-
apoptotic proteins (such as Bax) and anti-apoptotic proteins
(such as Bcl-2) [23]. According to the data of Western blot-
ting (Fig. 3E–G), overexpressed MDFI downregulated Bax
and upregulated Bcl-2 in KFs (p < 0.05), whilst siMDFI
generated opposite effects on Bcl-2 and Bax expression
levels (p < 0.05). Flow cytometry outcomes showed that
MDFI overexpression reduced, while MDFI silencing in-

creased apoptosis rate (Fig. 3H,I, p < 0.05). Accordingly,
we inferred that MDFI inhibited the apoptosis of KFs.

SiSREBF2 Decreased Proliferation, Migration and
Invasion, and Increased Apoptosis in KFs, which
were all Counteracted by Overexpressed MDFI

Moreover, the subsequent results of Ki67 staining
(Fig. 4A,B), wound healing assay (Fig. 4C,D) and Tran-
swell assay (Fig. 5A,B) suggested that siSREBF2 decreased
the number of Ki67-positive cells, migration rate, and inva-
sion rate in KFs (p< 0.05). Importantly, the expression lev-
els of these aforementioned factors were increased in KFs
following transfection with the MDFI overexpression plas-
mid (Fig. 4, Fig. 5A,B, p< 0.05). Regarding apoptosis, siS-
REBF2 significantly elevated Bax expression and reduced
Bcl-2 expression in KFs (Fig. 5C–E, p < 0.05), which was
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Fig. 3. Effects of siMDFI/overexpressed MDFI on migration, invasion, and apoptosis in KFs. (A–D) After the transfection of
siMDFI and overexpression plasmid of MDFI in KFs, (A,C) migration of the cells was tested via the wound healing assay (scale: 100
µm; magnification: ×100), and (B,D) invasion of the cells was tested via Transwell assay (scale: 50 µm; magnification: ×250). (E–G)
After transfection, Bcl-2 and Bax expression levels in KFs were assessed via Western blotting. GAPDH was used as a loading control.
(H,I) The apoptosis of KF cells was detected using flow cytometry. ∗∗∗p< 0.001 vs. siNC. ^p< 0.05, ^^^p< 0.001 vs. NC. Abbreviation:
Bcl-2, BCL2 apoptosis regulator; Bax, BCL2 associated X.
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Fig. 4. Effects of siSREBF2/overexpressed MDFI on proliferation and migration in KFs. (A,B) After the transfection of siS-
REBF2/overexpression plasmid of MDFI in KFs, Ki67 staining was used to measure the proliferation of the cells (scale: 50 µm; mag-
nification: ×200). (C,D) After transfection, wound healing assay was applied to determine the migration of KFs (scale: 100 µm;
magnification: ×100). +p < 0.05, ++p < 0.01 vs. siNC+NC. ωp < 0.05, ωωp < 0.01 vs. siSREBF2.

offset by transfection with the MDFI overexpression plas-
mid (p < 0.05). Flow cytometry results showed that siS-
REBF2 promoted apoptosis, while MDFI overexpression
reversed the effects of siSREBF2 (Fig. 5F,G, p < 0.05).

Discussion

Keloids are characterized by a high recurrence rate,
impose a substantial burden on human health, and seriously
affect the quality of life of patients. In the present study, we
identified MDFI as a potential candidate regulator of KF
proliferation. Previous research has revealed that MDFI is
upregulated in the keloid lesions, and MDFI-positive cells
are present in keloid-associated lymphoid tissues, suggest-
ing its involvement in the pathogenesis of keloid [6]. Con-

sistent with this previous finding, we also confirmed that
MDFI expression is upregulated in keloid dermis.

Reportedly, increased proliferation of fibroblasts is a
well-established hallmark of keloid progression [24–26],
accompanied by decreased apoptosis, leading to fibroblast
invasion into adjacent normal skin tissues [27,28]. These
observations suggest that the corresponding genes regulat-
ing fibroblast proliferation andmay serve as potential thera-
peutic targets. Currently, MDFI has been proven to partic-
ipate in various diseases, including lung adenocarcinoma
[13] and gastric cancer [29], and its role as a tumor modu-
lator in cancers has also been verified [30]. MDFI plays an
active role in the differentiation of C2C12 cells [12], and
its deficiency can inhibit the proliferation of gastric can-
cer cells [31]. More importantly, growing evidence indi-
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Fig. 5. Effects of siSREBF2/overexpressed MDFI on invasion and apoptosis in KFs. (A,B) After the transfection of siS-
REBF2/overexpression plasmid of MDFI in KFs, invasion of the cells was measured via Transwell assay (scale: 50 µm; magnification:
×250). (C–E) After transfection, Bcl-2 and Bax expression levels in KFs were determined via Western blotting. GAPDH was used as a
loading control. (F,G) The apoptosis of KF cells was detected using flow cytometry. +++p < 0.001 vs. siNC+NC. ωωωp < 0.001 vs.
siSREBF2.

cates that the MDFI-positive cells show fibroblastic fea-
tures and are localized in keloid-associated lymphoid tis-
sues [6]. Thus, we investigated whether MDFI was in-
volved in the regulation of fibroblast proliferation in keloid.
Following the transfection with an MDFI overexpression
plasmid or siMDFI, we observed that MDFI promoted the
proliferation of KFs cells, concomitant with the enhanced
migratory and invasive capacities. Moreover, apoptosis is
an integral part of various cellular metabolic processes in
mammals, which is implicated in normal cell renewal, de-
velopment and functional maintenance of the immune sys-
tem, embryonic development and cell death induced by ex-
ternal factors [32]. Bcl-2 protein family is instrumental in
the process of apoptosis, which consists of pro-apoptotic
proteins (e.g., Bax) and anti-apoptotic proteins (e.g., Bcl-2)
[23]. Based on the expression profiles of Bcl-2 and Bax in
KFs, we further proved that MDFI suppressed apoptosis of

KFs. Collectively, these results establish MDFI as a pro-
moter of KF proliferation and a key regulator contributing
to the hyperproliferation that drives keloid progression.

SREBF2 is awell-established critical regulator of lipid
metabolism, primarily controlling cholesterol homeostasis
and contributing to fatty acid synthesis [17]. However, its
role in keloid pathogenesis, particularly in fibroblast pro-
liferation, remains largely unexplored. Herein, we found
that SREBF2 is upregulated in keloid tissues and enriched
at the MDFI enhancer in KFs, suggesting a non-canonical
function beyond lipid metabolism. Moreover, with over-
expressed MDFI and siSREBF2, we indicated that siS-
REBF2 suppresses KF proliferation, along with reduced
SREBF2 enrichment on the MDFI enhancer and down-
regulated MDFI in KFs. Based on these findings, it can
be inferred that reduced enrichment of SREBF2 at the
MDFI enhancer negatively regulates KF proliferation. Ad-
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ditionally, overexpressed MDFI counteracts the role of siS-
REBF2 in KFs, signifying that SREBF2 enrichment inhi-
bition on MDFI enhancer dampens the hyperproliferation
of KFs. This SREBF2-MDFI regulatory axis represents a
novel pathway contributing to keloid pathogenesis. While
SREBF2 is classically activated by sterol depletion, its spe-
cific recruitment to the MDFI enhancer in KFs may in-
volve cell-type-specific co-factors or chromatin states, po-
tentially linking local metabolic changes to fibroprolifera-
tive responses. However, this study has not yet clarified the
upstream mechanism by which SREBF2 is specifically re-
cruited to the MDFI enhancer. This process may rely on its
classic activating partner SCAP and cholesterol signaling,
but it may also involve synergistic effects with other tran-
scription factors in KFs. Analyzing this precise recruitment
mechanism will be the central focus of future research.

Although our in vitro experiments uncover a novel
mechanism by which SREBF2 enhances fibroblast prolifer-
ation in keloids through enrichment at the MDFI enhancer,
it should be noted that these findings are currently limited to
the cellular level. Therefore, developing a reliable in vivo
keloid model for further validation will be a key priority in
our future research.

Conclusion

In summary, based on our analysis outcomes, we
demonstrate that the inhibition of SREBF2 enrichment at
the MDFI enhancer reduces the hyperproliferation of KFs.
This finding unveils a novel transcription factor-enhancer
axis and shifts the perspective from a “gene-centered” to
an “epigenetic-centered” regulatory model, revealing that
the dysregulation of the SREBF2-MDFI enhancer axis is
a fundamental epigenetic switch driving keloid formation.
SREBF2 depletion acts as a molecular brake on keloid
pathogenesis, providing new insights into the molecular
regulation of KF proliferation and highlighting a potential
therapeutic strategy for keloid.
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