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Background: Fractional CO, laser (FCL) is widely used for resurfacing the skin with atrophic acne scars. This study aims to
explore the synergistic efficacy of recombinant humanized type III collagen (rhCol III) on FCL in treating atrophic acne scars.
Methods: A total of 20 patients with facial atrophic acne scars from two medical institutions were treated with a single session of full-
face FCL. One month post-FCL, they were randomly assigned to the FCL + rhCol III group and FCL + NC group, with 10 cases per
group. Patients in the FCL + rhCol III group received dermal injections with 4 mg of rhCol III dissolved in 1.2 mL of saline on one side
of the face, and those in the FCL + NC group were similarly injected with the same amount of saline. Dermal injections were performed
three times, with an interval of 4 weeks. Therapeutic efficacy was assessed using the Echelle d’évaluation clinique des cicatrices d’acné
(ECCA) grading scale and the Global Scarring Grading System (GSS). Human dermal fibroblasts (HDFs) were cultured in vitro, and
induced with FCL and rhCol III. Immunofluorescence was utilized to detect the expression of type I and III collagens. RNA-sequencing
(RNA-seq) identified differentially expressed genes (DEGs) in HDFs induced with FCL combined with rhCol III.

Results: A total of 18 eligible patients were enrolled and followed up. Post-treatment, patients in the FCL + rhCol III group were
graded with a significantly lower ECCA score (77.50 +15.07 vs. 106.1 +21.25, p<0.05), but a higher scar improvement rate
(40.23% + 13.23% vs. 23.26% + 19.69%, p < 0.05) than those in the FCL + NC group. Classified by the type of acne scars, patients
with boxcar and icepick acne scars significantly benefited more from FCL combined with rhCol III than those in the FCL + NC
group and showed a significantly reduced ECCA score and an increased scar improvement rate (p < 0.05). Similarly, patients in
the FCL + rhCol III group also exhibited significantly a lower GSS score (7.75 + 1.75 vs. 10.00 + 2.33, p <0.05) and a higher scar
improvement rate (43.30% +10.49% vs. 25.59% + 18.34%, p <0.05). In vitro experiments showed that the induction of FCL
combined with rhCol III significantly upregulated type I and III collagens in HDFs. RNA-seq unmasked that MAPK signaling
pathway was activated in HDFs induced with FCL combined with rhCol IIIL

Conclusion: FCL combined with rhCol III effectively reduces facial atrophic acne scars through the activation of the MAPK pathway.
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1. Introduction

Acne vulgaris is a chronic inflammatory skin disease that
affects hair follicles and sebaceous glands [1]. Approximately
80% of adolescents may develop acne vulgaris, and up to
43% of them experience varying degrees of scarring [1, 2].
Acne scars can be hypertrophic or atrophic, with the latter
being more common [3]. Atrophic acne scars can be further
categorized into three subtypes: boxcar, rolling, and icepick
varieties [4]. Acne scarring not only impairs facial aesthetics
but also induces psychological issues such as anxiety, low
self-esteem, depression, and social disorders [5, 6]. More
effective treatments are needed to address these issues.

Current treatments for atrophic acne scars include
surgical excision, dermal fillers, chemical peels, fractional
microneedle radiofrequency, and fractional CO, laser (FCL)
[7, 8]. FCL delivers energy that is absorbed by the water in
the skin, creating fractional thermal damage that penetrates
into the dermis. This effect promotes the contraction, re-
generation, and remodeling of collagen, resulting in the
generation of new, well-arranged collagen fibers [9]. Four
sessions of FCL greatly decrease the depth of atrophic scars
by an average of 42%, and the Patient and Observer Scar
Assessment Scale (POSAS) score by 32.7% [10]. Our pre-
vious study demonstrated an excellent performance of the
ultra-pulse CO, laser combined with FCL in reducing
atrophic acne scars, with a reduction of the Echelle
d’évaluation clinique des cicatrices d’acné (ECCA) score
from 162.7 to 93.1 [11]. However, monotherapy with FCL
may result in clinical complications, including erythema,
edema, and postinflammatory hyperpigmentation [9]. Thus,
various combinations have emerged as a new trend in
treating atrophic acne scars.

Recombinant humanized type III collagen (rhCol III),
engineered from the sequence of human collagen type III, is
tailored for tissue repair and wound healing [12, 13]. Due to
its superior solubility and cell adhesion properties, rhCol IIT
has been extensively utilized in alleviating skin photoaging.
The rhCol III hydrogel, when combined with microneedle
technology, potently heals infectious chronic diabetic
wounds by inhibiting inflammatory responses, promoting
cell proliferation, and angiogenesis [13]. Wang et al. revealed
that rhCol III mitigates UV-induced skin photoaging by
stimulating the expression of the extracellular matrix (ECM)
[14]. In mice with myocardial infarction during the late
proliferative phase, rhCol III significantly restores the me-
chanical properties of the myocardium and reduces scar
size [15].

In the present study, we examined the efficacy of FCL
combined with rhCol III in treating atrophic acne scars and
uncovered the underlying molecular mechanisms. Our
findings provided evidence supporting the broader clinical
application of FCL combined with rhCol III. To achieve this,
we conducted a series of experiments, including cell culture,
Cell Counting Kit-8 (CCK-8) assay, immunofluorescence,
and RNA-sequencing (RNA-seq), to investigate the effects of
FCL combined with rhCol III on atrophic acne scars. By
analyzing the data obtained from these experiments, we
aimed to elucidate the molecular mechanisms underlying
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the efficacy of this combined treatment. The results of our
study not only enhance our understanding of the patho-
genesis of atrophic acne scars but also pave the way for
potential therapeutic strategies to improve the quality of life
for patients suffering from this condition.

2. Materials and Methods

2.1. Participants. From October 2022 to October 2023, 20
patients with facial atrophic acne scars and the Fitzpatrick
skin type II-IV were enrolled, including 10 from Nanjing
Yijia Medical Aesthetic Clinic and the remaining 10 from
Taiyuan Vitiligo Hospital. After excluding two patients
without complete clinical data, a total of 18 eligible ones
were finally included. The sample size was estimated a priori
using G*Power (version 3.1.9.7). Based on prior data [11],
we assumed a mean difference in ECCA scores of 28.6 points
and a common standard deviation (SD) of 18.5 points be-
tween groups. With 80% statistical power and a two-sided a
level of 0.05 (independent t-test), a minimum of seven
participants per group was required. To account for a po-
tential 20% dropout rate, we planned to recruit nine par-
ticipants per group, resulting in a total target sample size of
18. This study was approved by the Ethics Committee of
Nanjing Yijia Medical Aesthetic Clinic (Ethics Number:
2022-10-10) and the Taiyuan Vitiligo Hospital (Ethics
Number: 2022001). Excluded were those with allergies to
lidocaine or rhCol III; incomplete clinical data; previous or
ongoing laser, radiofrequency, or surgical treatments within
3months prior; pregnancy or breastfeeding. The study
flowchart is shown in Figure 1.

2.2. Treatment Procedures

2.2.1. Preoperative Preparation. Facial condition assessment
and facial skin cleansing were conducted prior to FCL. The
VISIA skin analysis system (Jiangsu Beining Intelligent
Technology Development Co., Ltd., China) captured left,
right, and frontal facial images before and after the treat-
ment. The lasered area was topically applied with a com-
pound lidocaine cream (Tsinghua Ziguang Co., Ltd., Beijing,
China) and covered with a plastic wrap for 1h prior to
iodophor disinfection.

2.2.2. Intraoperative Treatment. A full-face FCL was per-
formed on bilateral sides of the face. Briefly, patients in the
Nanjing Yijia Medical Aesthetic Clinic were treated with the
Alma Femilift ultra-pulse FCL (Femilift, Alma™ Lasers,
Caesarea, Israel) with the Pixel handpiece in an aesthetic
mode at a density of 7x 7 and an energy of 20-40 m]J/pixel.
Patients in the Taiyuan Vitiligo Hospital were treated with
the Lumenis ultra-pulse FCL (Lumenis Inc., Santa Clara,
CA, USA) in a fractional mode in the following settings: the
DeepFX setting (spot 1-5, spot size 1-10mm, energy
12.5-30m]J, density 5%, frequency 100-250 Hz, repeated
delay 1s); the ActiveFX setting (spot 1-7, spot size 1-9 mm,
energy 125-225 mJ, frequency 100-250 Hz, density 5%); and
DeepFX combined with ActiveFX mode. Treatment
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FiGure 1: The flowchart of participant enrollment, allocation, and follow-up.

parameters were adjusted based on individual age, Fitzpa-
trick skin type, location and extent of acne scars, and skin
texture. All patients were treated with one session of FCL.

2.2.3. Postoperative Treatment. At 1 month after FCL, pa-
tients were randomly assigned to the FCL + NC group and
FCL + rhCol III group, with nine cases per group. Patients in
the FCL+NC group were dermally injected with 1.2mL of
normal saline as controls, while those in the FCL + rhCol IIT
group received dermal injections of 4 mg rhCol III (Shanxi
Jinbo Biomedical Co., Ltd., 4 mg/vial) dissolved in 1.2 mL of
saline. Briefly, the atrophic and depressed scar areas were
marked. Three dermal injections were performed into the base
of the scar within the marked area using 1 mL syringes with
caps, with an interval of 4 weeks. Following each injection, the
facial condition was assessed in a single-blind way.

2.3. Efficacy Evaluation. Facial images captured at baseline
and during follow-up visits were used to evaluate the changes
in acne scars. Atrophic acne scars were categorized by shape
and size into icepick (V-shaped), boxcar (U-shaped), and
rolling (M-shaped) scars. The ECCA grading scale and the
Global Scarring Grading System (GSS) were adopted to
evaluate the efficacy of FCL combined with rhCol III in
treating acne scars. The scar improvement rate was calculated
as follows: scar improvement rate (%) = (pretreatment ECCA/

GSS score-post-treatment ECCA/GSS score)/pretreatment
ECCA/GSS score x 100%.

2.4. Cell Culture and Treatment. Approved by the Medical
Ethics Committee of Nantong Third People’s Hospital (No:
EL2022007), human dermal fibroblasts (HDFs) were obtained
from the foreskin of healthy male patients in the Department of
Urology, Nantong Third People’s Hospital and cultured in vitro
as previously reported [16]. HDFs incubated in DMEM (Gibco,
Thermo Fisher Scientific) were placed in an incubator at 37°C
with 5% CO,. Those passaged in the generation 4-10 were used
in in vitro experiments. HDFs were induced with blank control,
FCL at an energy of 20 mJ and a density of 11.1% for 24 h, 1 mg/
mL rhCol III for 24h, or their combination.

2.5. CCK-8 Assay. Cell viability was assessed using an En-
hanced CCK-8 (CCK-8, Beyotime Biotechnology, China).
HDFs were implanted in 96-well plates and induced with 10 pL
of CCK-8 reagent per well for 2h. The absorbance at 450 nm
was measured using an enzyme-linked immunosorbent assay
(ELISA) reader (Thermo Fisher Scientific, CA, USA).

2.6. Immunofluorescence. HDFs were cultured on glass
coverslips, fixed with 4% paraformaldehyde (PFA) for
15 min, and permeabilized with 1% Triton X-100 for 15 min
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at room temperature. After blocking nonspecific antibodies
by immersing in 10% normal goat serum for 20 min, HDFs
were incubated overnight at 4°C with the mouse anti-COL-I
and anti-COL-III antibodies (1:500, Servicebio, China). On
the following day, HDFs were incubated with the Alexa
Fluor 488 and CY3 fluorescent secondary antibodies (1:400)
at 37°C for 1h in the dark and stained with 1 ug/mL DAPI
(Sigma, USA) for 5min at room temperature. Finally, HDFs
were observed using a confocal microscope.

2.7. RNA-Seq. Total RNA was extracted from HDFs using
TRIzol reagent (Takara, Shiga, Japan) and purified.

RNA integrity was evaluated using the Agilent 2100
Bioanalyzer. Library preparation, sequencing (conducted on
the Ilumina NovaSeq 6000 platform), quality control (per-
formed with FastQC), and raw data generation were carried
out by Shanghai Biochem Biotechnology Co., Ltd., a special-
ized genomics service provider. Subsequent bioinformatic
analyses—including read alignment to the reference genome
GRCh38 using HISAT2, gene expression quantification, and
identification of differentially expressed genes (DEGs)—were
performed collaboratively by Zhinan Shi from our research
team and the bioinformatics team supervised by Professor
Bingrong Zhou at the First Affiliated Hospital of Nanjing
Medical University. DEGs with P, <0.05 and [log fold
change (FC)| > 1 were identified. Gene Ontology (GO) and
Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses
were conducted using the DAVID database (https://david.
ncifcrf.gov/), and the results were analyzed by the R package
and visualized using Cytoscape software.

2.8. Statistical Analysis. Data expressed as mean + SD were
analyzed using GraphPad Prism 8 (GraphPad Software Inc.,
San Diego, CA, USA). Statistical analyses were performed
using t-tests or one-way analysis of variance (ANOVA), if
appropriate. p <0.05 was considered statistically significant.

3. Results

3.1. Clinical Efficacy of FCL Combined With rhCol III
After the treatment, the ECCA scores of patients in the
FCL + NC group decreased significantly from 142.2 +27.82
to 106.1 +21.25 at baseline, whereas the ECCA scores of
patients in the FCL + rhCol III group decreased significantly
from 132.8+27.82 to 77.50+15.07 at baseline (p <0.05)
(Figure 2(a)). A significantly higher scar improvement rate
was observed in the FCL+rhCol III group than in the
FCL+NC group (40.23% +13.23% vs. 23.26% +19.69%,
p <0.05) (Figure 2(a)). We also graded the ECCA scores of
V-shaped, U-shaped, and M-shaped atrophic acne scars
(Figure 2(b)-2(d)). For V-shaped and U-shaped scars, FCL
combined with rhCol III significantly decreased the ECCA
score and increased the scar improvement rate more than
the monotherapy of FCL (p <0.05). Although FCL com-
bined with rhCol III achieved a lower ECCA score in pa-
tients with M-shaped scars than that at baseline, the
therapeutic outcome remained similar with controls at the
last follow-up visit.
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Similarly, the post-treatment GSS score in the FCL+NC
group decreased from 13.75+2.91 to 10.00+2.33, whereas
those in the FCL + rhCol III group significantly decreased from
14.13+2.36 to 7.75+1.75 (P < 0.05) (Figure 2(e)). The scar
improvement rate, based on the GSS scores, was also signifi-
cantly higher in the FCL + rhCol III group (43.30% + 10.49%
vs. 25.59% + 18.34%, p <0.05) (Figure 2(e)). Intuitively visu-
alized in facial images, FCL combined with rhCol III was
superior to the monotherapy of FCL in reducing acne scars
(Figure 2(f),2(g)).

3.2. FCL Combined With rhCol I1I Promotes the Proliferation
of HDFs In Vitro. Induction with rhCol III at various
concentrations (0.05, 0.1, 0.5, and 1 mg/mL) markedly ele-
vated the proliferative capacity of HDFs, most prominently
at 1 mg/mL (Figure 3(a)). At a density of 11.1%, a stimula-
tion of either 10 mJ or 20 mJ energy significantly stimulated
the proliferation of HDFs (p <0.05). However, the pro-
liferation of HDFs was significantly suppressed by FCL at
a density of 100%, and an energy of both 10 mJ or 20 mJ
(Figure 3(b)). In comparison to the single induction of FCL
(density 11.1%, energy 10 or 20 mJ), co-induction with FCL
and rhCol IIT significantly boosted the proliferation of HDFs
(p <0.05), especially in the combination group of 20 mJ FCL
and 1 mg/mL rhCol III (Figure 3(c)).

3.3. FCL Combined With rhCol III Upregulates Type I and 111
Collagensin HDFsIn Vitro. The immunofluorescence results
revealed significantly higher positive expressions of type I
and III collagens in HDFs induced with FCL combined with
rhCol III, compared to those induced with FCL alone
(p <0.05, Figure 4(a),4(b)), suggesting that the combination
of FCL and rhCol III greatly promoted the production of
new collagens.

3.4. DEGs and Their Biological Functions Involved in the Ef-
ficacy of FCL Combined With rhCol III. The correlation
heatmap and principal component analysis revealed the
intragroup and intergroup consistency, respectively
(Figure 5(a),5(c)). A total of 1607 DEGs were identified
between rhCol III-induced HDFs and negative controls,
involving 883 upregulated and 724 downregulated. Between
the FCL + rhCol III group and FCL group, there were 1518
DEGs, of which 1089 were significantly upregulated and 429
were downregulated (Figure 5(b)). Clusters of DEGs were
visualized in a heatmap (Figure 5(d)).

3.5. The MAPK Signaling Pathway Underlies the Efficacy of
FCL Combined With rhCol III in Treating Acne Scars.
DEGs between rhCol III-induced HDFs and negative con-
trols were significantly enriched in the following biological
processes: regulation of cell population proliferation, fi-
broblast proliferation, cell division, cell migration, and the
apoptotic process (Figure 6(a)). KEGG pathway enrichment
analysis further indicated that these DEGs were pre-
dominantly involved in the MAPK signaling pathway and
cytokine-cytokine receptor interactions (Figure 6(b)). A
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protein-protein interaction (PPI) network with the be-
tweenness centrality (BC) scores was visualized by
CytoNCA, presenting the top five genes with the highest BC
scores as FOS, NFKBI, ILIB, MAP2K3, and SRF
(Figure 6(c),6(d)).

Additionally, DEGs between the FCL+rhCol III
group and FCL group were mainly enriched in cell di-
vision, DNA damage response, positive regulation of cell

population proliferation, cell cycle, and cellular response
to mechanical stimulus (Figure 6(e)). Significantly
enriched signaling pathways included the cell cycle and
cytokine-cytokine receptor interaction (Figure 6(f)).
Visualized in the PPI network involving DEGs associated
with cell cycle, the top five key genes with the highest BC
scores were the CDK2, CCNA2, CDKI, CCNBI1, and
CDC20 (Figure 6(g),6(h)).

U901 SUOLLILIOD BAITERID) 3|1 dde B} Ag pauBACD 1 SIILE VO ‘38N JO S| 10} AJRIQIT BUIIUQ A3 ]I UO (SUOIPUGO-PUB-SWLRILI0O A5 MG PUIUO//SANY) SUONIPUOD PUE S | 3U) 885 *[5Z02/2T/G0] U0 ARIqITauIluO AB|IM ‘ BUIDBURILO0D -eNH INH AQ Z699E/9AIP/SSTT OT/I0p/00" A8 W Aeic) |PUIIUO//SAIY WOJ) POpeo|uMOd T ‘SZ0Z ‘Ui



COL-I COL-III

NC

rhCol III

—
=
=

3
Q

=

=
F
—
O
59

‘ F.

Relative fluorescence intensity of COL-I
5
|

Dermatologic Therapy

DAPI Merge

2.5 =

]
2.0 =
e

1.5

1.0 -

0.5 =

Relative fluorescence intensity of COL-III

0.0

1 1
S \S
N
S
& &

N
L

& @
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III collagens in HDFs. Scale bar =50 um, n = 3. (b) Quantitative analysis of the immunofluorescence intensities of type I and III collagens.

*p<0.05 vs. NC group; “p <0.05 vs. FCL group.

Finally, a Venn diagram visualized an intersection be-
tween the rhCol III and NC groups, and those between the
FCL + rhCol IIT and FCL groups, consisting of 445 key DEGs
(Figure 7(a)). They were primarily involved in the innate
immune response, positive regulation of the MAPK cascade,
negative regulation of the apoptotic process, positive reg-
ulation of gene expression, and cell division (Figure 7(b)).
The MAPK pathway was the dominant one enriched in the
key DEGs (Figure 7(c)). The PPI network illustrated that the
following regulatory genes were involved in the MAPK
pathway enriched in the key DEGs: the FOS, NFKBI, IL1B,
SRF, KDR, FGF10, FGF18, FGF22, RASA1, and BDNF genes
(Figure 77(d),7(e)).

4, Discussion

FCL has been established for its efficacy in treating acne
atrophic scarring; however, not all types of acne scars can
benefit entirely from a single treatment. Our study dem-
onstrated the effectiveness of combining FCL with rhCol IIT
in expediting the repair and remodeling of skin tissue to
diminish atrophic acne scars. The mechanism behind this
involves the regulation of cell proliferation and collagen
synthesis through the MAPK signaling pathway.
Especially in treating boxcar and icepick scars, we have
consistently observed that a combination treatment of FCL
with other therapeutic approaches offers a more favorable
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F1GURre 5: Identification of DEGs in HDFs co-induced with FCL and rhCol III. (a) Scatterplots of the principal component analysis (PCA).
(b) Volcano plots of DEGs, with green dots representing downregulated and red dots indicating upregulated ones. (c) A correlation
heatmap. (d) A clustering heatmap. NC, NC group; AFR, FCL group; AFR + rhCol III, FCL + rhCol III group.

outcome than laser monotherapy [17]. Similar evidence also
points out that FCL alone is less effective in treating icepick
scars [11, 18]. With its shallow penetration (2-4 mm depth)
[11], FCL can hardly treat icepick scars, which are typically
manifested as narrow openings and deep extensions into the
dermis or even subcutaneous tissue [19, 20]. Synergistically,
rhCol III injections assist FCL in overcoming its drawbacks
by stimulating the repair of deeper dermal tissues.

FCL aims to stimulate collagen production and
remodeling through various methods, thereby improving
facial appearance in atrophic scars via a microexfoliation
effect [21]. In contrast, rhCol III plays a role in skin tissue
repair through multiple mechanisms. Initially, rhCol III
enhances the regulation of ECM remodeling. Li et al. [22]
showed that local injections of rhCol III promote the syn-
thesis of type I and III collagens, thereby restoring the

arrangement of myofibrils and collagen structures in rats
with pelvic floor dysfunction. Both in vivo and in vitro
studies have confirmed the role of rhCol III in facilitating
collagen deposition and angiogenesis around the injection
site. Wang et al. [14] indicated that an intradermal injection
of rhCol III significantly increases the thickness of both the
epidermis and dermis in rats with UV-induced skin pho-
toaging by upregulating type I and III collagens. Secondly,
rhCol IIT activates key reparative cells, such as fibroblasts
and epidermal cells, to promote tissue reconstruction. Dong
et al. revealed the excellent biocompatibility and strong cell-
adhering properties of rhCol III, which favor the adhesion
and migration of fibroblasts and epidermal cells [23]. Ad-
ditionally, rhCol III provides an ideal microenvironment for
fibroblasts to initiate cell adhesion [14]. Lastly, rhCol III
alleviates inflammatory responses by inhibiting macrophage
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FiGure 6: GO/KEGG enrichment analyses. (a, b) GO (a) and KEGG (b) enrichment analyses of DEGs between the rhCol III and NC groups.
(c) A PPI network of DEGs between the rhCol IIT and NC groups. (d) Key genes in the PPI, where nodes represent proteins, and connectors
represent protein-associated roles. The color intensity indicates the p-adjust value of the corresponding GO term, and the bubble size
represents the number of query genes in the gene set associated with the given GO term. (e, f) GO (e) and KEGG (f) enrichment analyses of
DEGs between the FCL + rhCol III and FCL groups. (g) A PPI network of DEGs between the FCL + rhCol III and FCL groups. (h) Key genes
in the PPI. DEGs, differentially expressed genes; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; PPI, protein-

protein interaction.

aggregation [24]. Although rhCol III suppresses the ex-
pressions of inflammatory factors (e.g., IL-1p and TNF-a)
during the treatment of oral ulcers, its anti-inflammatory
property contributes only marginally to early healing [12]. In
our study, we consistently observed higher positive ex-
pressions of type I and III collagens in HDFs induced with
FCL combined with rhCol III than in those induced with
FCL alone.

RNA-seq and bioinformatics revealed the molecular
mechanisms of FCL combined with rhCol III in treating
acne scars. Notably, the MAPK signaling pathway was the
most significantly enriched one in the DEGs we identified.
The MAPK signaling pathway is extensively involved in cell
proliferation, migration, inflammatory response, and ECM
remodeling [25]. Phimnuan et al. [26] demonstrated that the
application of y-irradiated blended fibroin/aloe gel accel-
erates skin wound healing by increasing the secretion of
vascular endothelial growth factor via the MAPK/ERK
signaling pathway. Ononin modulates the inflammatory
response and ECM by activating the MAPK pathway [27].

ERK1/2 is a member of the MAPKs activated to promote
fibroblast proliferation and migration [28, 29]. The ERK
signaling pathway is responsible for driving the production
of ECM-related proteins [30, 31]. Here, we identified 10 key
genes associated with the MAPK signaling pathway, in-
cluding FOS, NFKBI, IL1B, SRF, KDR, FGF10, FGF18,
FGF22, RASAI, and BDNF. Among them, FOS plays
a crucial role in cell growth and differentiation [32]. FGF10
is a member of the FGF family that regulates fibroblast
proliferation, differentiation, and ECM production by ac-
tivating the MAPK pathway [32, 33]. FGF18 can accelerate
articular cartilage repair and promote tissue healing [34].
Overall, we believe that the MAPK signaling pathway and
the key downstream genes were main characters underlying
the efficacy of FCL combined with rhCol III in treating
atrophic acne scars.

Recent years have witnessed a surge in research on the
application of FCL combination therapy for acne scarring.
Zhang et al. discovered that combining 30% salicylic acid
with FCL results in superior prevention and alleviation of
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FIGURE 7: DEGs and molecular functions responsible for the efficacy of FCL combined with rhCol III in treating acne scars. (a) A Venn
diagram illustrating the intersection of DEGs between rhCol IIT versus NC and FCL + rhCol III versus FCL. (b, ¢) GO (b) and KEGG (c)
enrichment analyses of intersected DEGs. (d) A PPI network of intersected DEGs. (e) Key genes identified using the CytoHubba plugin.

acne scars by inhibiting inflammatory factors [21]. Kwon
et al. [35] demonstrated that FCL enhances the local dif-
fusion of adipose-derived stem cells, ultimately leading to
a synergistic effect of rapid healing. Abdel-Maguid et al. [36]
also showed that the combination of amniotic fluid-derived
stem cell-conditioned medium (AFSC-CM) and platelet-
rich plasma (PRP) with FCL significantly activates fibro-
blast proliferation and differentiation, as well as stimulates
ECM production and remodeling. The combination of FCL
and hyaluronic acid dressing yields satisfactory outcomes by
promoting tissue remodeling and angiogenesis [3]. In the

present study, dermal injections of rhCol III synergistically
assisted FCL in treating acne scars, achieving stronger ef-
ficacy than FCL monotherapy.

Limitations of the study should be considered. First, it
was a small-scale study lacking a long-term follow-up.
Second, efficacy assessments by physicians from the two
medical institutions may produce biases. Third, how the
MAPK signaling pathway exactly mediates scar repair re-
mains to be further explored in vitro. Fourth, the current
study focused primarily on the MAPK signaling pathway,
without comprehensive investigation into other potential
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signaling mechanisms that may also be involved in scar
repair. Fifth, the patient population in this study was rela-
tively homogeneous, which may limit the generalizability of
the findings to other diverse populations. Therefore, future
studies with larger sample sizes, longer follow-up periods,
and more comprehensive assessments of signaling mecha-
nisms are needed to further validate and expand upon the
findings of this study.

In conclusion, the combination of FCL and rhCol IIT has
shown encouraging efficacy and safety in treating facial
atrophic acne scars. Additionally, rhCol III has provided
a synergistic effect on FCL by promoting skin cell re-
generation and ECM remodeling through the MAPK sig-
naling pathway.
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