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CXCL2 expression and recruit Th1 cells to promote hypertrophic
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A B S T R A C T

Background and objective: The circular RNA hsa_circ_0007755 is markedly upregulated in hyper-
trophic scars (HS), yet its functional roles in this fibroproliferative disorder remain to be eluci-
dated. This investigation aims to delineate the regulatory mechanisms of hsa_circ_0007755 in HS
and to decode its downstream molecular signaling pathways.
Methods: We established a murine model of HS. Tissue histopathology was assessed using He-
matoxylin and Eosin and Masson’s trichrome staining. Peripheral blood from the animals was
collected and the ratio of T-helper 1 (Th1) to T-helper 2 (Th2) cells was quantified via flow
cytometry. The proliferation and apoptosis rates of human hypertrophic scar fibroblasts (hHSFs)
were evaluated using the Cell Counting Kit-8 assay and flow cytometry, respectively. The invasive
capacity of hHSFs was assessed via a Transwell assay. Co-culture experiments of hHSFs with T
cells were conducted, and alterations in Th1/Th2 ratios were monitored using flow cytometry.
Levels of cytokines, fibrosis-associated proteins, nuclear factor-kappaB (NF-κB) pathway-related
protein, and C-X-C Motif Chemokine Ligand 2 (CXCL2) were quantified using Enzyme-Linked
Immunosorbent Assay or Western blot analysis. The interactions between hsa_circ_0007755,
miR-27b-3p, and CXCL2 were investigated using dual-luciferase reporter assays and RNA
immunoprecipitation.
Results: Both hsa_circ_0007755 and CXCL2 were highly expressed in HS, whereas miR-27b-3p was
downregulated. Knockdown of hsa_circ_0007755 inhibited the proliferation and invasion of
hHSFs, promoted apoptosis, and reduced the expression of fibrotic proteins α-SMA and Collagen I,
as well as the phosphorylation of the inflammatory pathway protein p65. Co-culture experiments
confirmed that hHSFs lowly expressing hsa_circ_0007755 showed a decreased Th1 cell proportion
and an increased Th2 cell proportion, alongside lower levels of TNF-α and INF-γ and higher levels
of IL-4 and IL-10. The effects of either knocking down or overexpressing hsa_circ_0007755 were
reversed by knocking down either miR-27b-3p or CXCL2, respectively. hsa_circ_0007755 acted as
a "molecular sponge" for miR-27b-3p, sequestering and diminishing its availability, thereby
alleviating its suppression of the target gene CXCL2.
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Conclusion: hsa_circ_0007755 plays a pivotal role in modulating the immune response of HS by
influencing the miR-27b-3p/CXCL2 axis, regulating the function and proportion of Th1 and Th2
cells, and thereby affecting the inflammatory and fibrotic processes in scar tissue.

1. Introduction

Hypertrophic scar (HS) is a fibrotic skin disease that usually occurs after wound healing and surgery [1]. In spite of many treat-
ments available, there is no complete cure for HS. It is partly because of the complex immune responses that occur in HS, including the
activation of T cells, particularly TH1 and TH2 [2–4]. T cells are the primary effector cells of cellular immunity, producing cytokines in
the immune response and mediating inflammation [5]. Once the balance between TH1 cells and TH2 cells is disrupted, the malignant
development of HS will be intensified [6]. In the immune system, TH1 cells and TH2 cells are considered key players, but their
recruitment to the site of injury remains unclear.

circRNAs (circRNAs) are non-coding RNAs that can regulate miRNA activity and thus affect the expression of target genes [7–9]. It
has been recently reported that circHECTD1 knockdown suppresses fibrosis in HS by interrupting transforming growth factor
beta/Smad axis through miR-142-3p/highmobility group box-1 protein axis [10]. Moreover, circRNAs have recently been discussed to
modulate immune responses. For example, differentially expressed circRNAs are correlated with TH1/TH2 differentiation pathways in
radiation-induced lung injury [11]. In addition, circRNAs are involved in the TH1/TH2 immune response pathway in both cardio-
vascular disease and cancer [12,13]. As a result of these findings, it seems that circRNAs are important for regulating the immune
response in HS, and that their role in controlling TH1/TH2 cells may be an effective target to combat or prevent this disease. A novel
circRNA named hsa_circ_0007755 is abundantly expressed in HS [14,15]. However, it is not clear whether hsa_circ_0007755 is
involved in regulating HS development.

This study investigated the role of hsa_cir_0007755 in immune response in HS. By regulating the miR-27b-3p/CXCmotif chemokine
ligand 2 (CXCL2) axis, hsa_cir_0007755 mediates TH1/TH2 balance, which may contribute to the fibrotic response in HS. This work
highlights the potential of circRNA-mediated TH1/TH2 cell regulation as a therapeutic strategy to prevent or treat HS.

2. Materials and methods

2.1. Clinical samples

A cohort of 43 patients with HS, along with matched normal skin controls, was enrolled from Affiliated Hospital of Nantong
University. Histopathological validation was performed on all tissue specimens. Specimens were cryogenically stored at − 80 ◦C.
Informed consent was duly obtained from all participants. The study protocol was approved by the Ethics Committee of Affiliated
Hospital of Nantong University (Approval No: 20202NT116).

2.2. Quantitative real-time PCR (qRT-PCR)

Total RNA was extracted from cells and tissues using TRIzol reagent (Invitrogen, Carlsbad, CA, USA), and its integrity was assessed
via a NanoDrop 2000 spectrophotometer. circRNA and mRNA were reverse transcribed into complementary DNA (cDNA) using the
PrimeScript RT Master Mix Kit (Takara, RR036A, Japan). miRNA cDNA synthesis was conducted using the New Poly(A) Tailing Kit
(Thermo Fisher, MA, USA). qRT-PCR was performed using the FastStart Universal SYBR Green Master (Roche, Mannheim, Germany)

Table 1
PCR sequences.

Genes Sequences (5′–3′)

Human hsa_circ_0008667 Forward: 5′-CCCATTTCTAATACTGAAGGTGTCC-3′
Reverse: 5′-CTCCTCCTCAGAAGGTCCGA-3′

Mouse homologous hsa_circ_0008667 Forward: 5′-TCCAGTACTGAAGGTGTCCA -3′
Reverse: 5′-GGACCAGTCCAAAGCTACCC -3′

miR-370-3p Forward: 5′-GCCTGCTGGGGTGGAA -3′
Reverse: 5′-TGGTGTCGTGGAGTCG-3′

Human VANGL1 Forward: 5′-CCTGAGTATCCAGCGAGCAG-3′
Reverse: 5′-ATGGAGGGGAAAATGGCCTG-3′

U6 Forward: 5′-CTCGCTTCGGCAGCACA-3′
Reverse: 5′-AACGCTTCACGAATTTGCGT-3′

Human GAPDH Forward: 5′-GTCAAGGCTGAGAACGGGAA-3′
Reverse: 5′-AAATGAGCCCCAGCCTTCTC-3′

Mouse GAPDH Forward: 5′-GGGTCCCAGCTTAGGTTCAT-3′
Reverse: 5′-GAAGGGGCGGAGATGATGAC-3′

Note: miR-370-3p, microRNA-370-3p; VANGL1, Van Gogh-like 1; GAPDH, glyceraldehyde-3-phosphate
dehydrogenase.
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and analyzed on an ABI PRISM 7900HT Sequence Detection System (Applied Biosystems, Waltham, MA, USA). U6 and Glyceraldehyde
3-phosphate dehydrogenase (GAPDH) served as internal reference genes, with primer sequences detailed in Table 1.

2.3. Cell culture

Human normal skin fibroblasts (HFF-1, SCRC-1041) and hyperplastic scar fibroblasts (hHSFs) were acquired from the American
Type Culture Collection (ATCC). All cells were cultured in Dulbecco’s Modified Eagle Medium (Gibco, Gaithersburg, MD, USA),
supplemented with 10 % fetal bovine serum (FBS) (Gibco) and 1 % penicillin-streptomycin, in a controlled environment at 37 ◦C and 5
% CO2. All cells have been authenticated by STR profiling and tested negative for mycoplasma contamination.

2.4. Actinomycin D and RNase R treatment

The hHSFs were seeded in six-well plates at a density of 5 × 105 cells per well. Twenty-four hours post-seeding, the cells were
exposed to 2 μg/mL actinomycin D (Sigma) and harvested at designated time points. RNA stability was analyzed using qRT-PCR. RNA
from hHSFs (10 μg) was treated with RNase R (3 U/μg, Epicenter) and incubated at 37 ◦C for 30 min, followed by quantification of
circRNA and linear RNA via qRT-PCR.

2.5. Cell transfection

Plasmids overexpressing hsa_circ_0007755 and CXCL2 and siRNAs, as well as miR-27b-3p mimics and inhibitors, were sourced
from GenePharma (Shanghai, China). Transient transfection was performed using Lipofectamine® 2000 (Invitrogen; Thermo Fisher
Scientific, Inc.) following the manufacturer’s protocol. Forty-eight hours post-transfection, cells were harvested and the transfection
efficiency was assessed by qRT-PCR or Western blot analysis.

2.6. Cell Counting Kit-8 (CCK-8)

Cell viability was assessed using the CCK-8 from Beyotime (Shanghai, China). Cells (5 × 103 cells/well) were seeded in a 96-well
plate. At 0, 24, 48, and 72 h post-seeding, 10 μL of CCK-8 solution was added to each well, and the cells were incubated at 37 ◦C for 2 h.
Absorbance at 450 nm was measured using a microplate reader (Thermo Fisher Scientific).

2.7. Flow cytometry

Cells were harvested and digested using trypsin. Apoptotic cells were detected using an apoptosis detection kit (Sigma-Aldrich
Chemical Company, St Louis, MO, USA). Annexin-V-fluorescein isothiocyanate (FITC), propidium iodide (PI), and 4-(2-hydroxyethyl)-
1-piperazineethanesulfonic acid buffer were combined in a ratio of 1:2:50 to formulate the Annexin-V-FITC/PI staining solution. Cells
were resuspended in 100 μL of this staining solution at room temperature for 15 min, followed by the addition of 1 mL HEPES buffer.
Apoptotic cells were quantified using a flow cytometer (BD Bioscience, USA) and data were analyzed using CellQuest software (Version
5.1; Becton-Dickinson and Company).

2.8. Transwell migration assay

Cell invasion was assessed using a Transwell apparatus separated by a polycarbonate membrane (8 μm pore size) coated with
synthetic basement membrane. Cells (2 × 104) in serum-free medium were seeded into the upper chamber, while the lower chamber
contained medium supplemented with 10 % FBS. After 24 h, cells on the upper surface were removed with a cotton swab, and cells that
migrated to the lower surface were fixed and stained with crystal violet. Cells in three random fields were counted under a light
microscope.

2.9. CD4+ T cell isolation

CD4+ T cells were purified from mouse lymph nodes and spleen using the Dynal® CD4+ Negative Isolation Kit (Thermo Fisher
Scientific) according to the manufacturer’s instructions. Purified CD4+ T cells were cultured in complete medium consisting of Roswell
Park Memorial Institute 1640 supplemented with 10 % heat-inactivated FBS, 2 mM L-glutamine, 100 U/mL penicillin, and 100 μg/mL
streptomycin. Purity of the isolated CD4+ T cells was verified by flow cytometry.

2.10. Co-culture of CD4+ T cells and hHSFs

CD4+ T cells were seeded in 24-well plates at 1 × 105 cells per well and activated using anti-CD3 and anti-CD28 antibodies (BD
Biosciences). Th1 cells were differentiated using 20 ng/mL interleukin (IL)-12 (R&D Systems, Minneapolis, MN, USA) and 2.5 μg/mL
anti-IL-4 antibody (BD Biosciences), while Th2 cells were differentiated using 10 ng/mL IL-4 antibody, 250 U/mL IL-2, and 10 μg/mL
interferon-gamma (INF-γ). After 4 days of differentiation, transfected or untransfected hHSFs were added to the 24-well plates con-
taining Th cells for a 24-h co-culture at a ratio of 1:10. To assess cell surface markers, T cells were isolated, and their phenotype was
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analyzed by flow cytometry [16]. Th1 cells were labeled with CD4 and CCR5 markers (BD Biosciences), while Th2 cells were labeled
with CD4 and CCR4 markers (BD Biosciences).

3. Enzyme-Linked Immunosorbent Assay (ELISA)

Cellular cytokines including Tumor Necrosis Factor-alpha (TNF-α), INF-γ, IL-4, and IL-10 were quantified in the culture super-
natants using ELISA kits (Cell Signaling Technology), adhering strictly to the manufacturer’s protocols.

3.1. Western blot

Total proteins were extracted from tissues and cells utilizing radioimmunoprecipitation assay buffer (Beyotime), and concentra-
tions were determined using the bicinchoninic acid protein assay kit. Following denaturation, proteins were treated with sodium
dodecyl sulfate-polyacrylamide gel electrophoresis and subsequently transferred to polyvinylidene fluoride membranes. The mem-
branes were then blocked with 5 % non-fat milk in Tris-buffered saline containing 0.1 % Tween 20 (TBST) and incubated at room
temperature for 1 h. After blocking, the membranes were incubated with primary antibodies overnight at 4 ◦C. The membranes were
washed thrice with TBST, each for 10 min, followed by incubation with horseradish peroxidase-conjugated secondary anti-rabbit
immunoglobulin G (IgG) (heavy chain + light chain) (1:10,000, AB175781, Abcam) at room temperature for 1 h. After three sub-
sequent TBST washes, chemiluminescent detection was performed, and images were acquired. Band intensity was quantified using
ImagePro Plus 6.0 software. GAPDH served as the loading control. Primary antibodies used were: CXCL2 (MAB452, R&D Systems), Ki-
67 (M7240, Dako), phospho-p65 (3033, Cell Signaling Technology), α-smooth muscle actin (α-SMA) (A5228, MilliporeSigma),
collagen I (ab34710, Abcam), and GAPDH (ab8245, Abcam).

3.2. Dual-luciferase reporter assay

To elucidate the interactions between hsa_circ_0007755, CXCL2, and miR-27b-3p, sequences containing putative miR-27b-3p
target sites were synthesized and cloned into the pMIR-REPORT™ vector (Thermo Fisher Scientific Inc.), resulting in constructs
named wild-type hsa_circ_0007755 (WT-hsa_circ_0007755) and wild-type CXCL2 (WT-CXCL2). Mutant variants lacking the miR-27b-
3p complementary sites (MUT-hsa_circ_0007755 and MUT-CXCL2) were also generated. These reporter vectors were co-transfected
with mimic NC and miR-27b-3p mimic into HFF-1 cells. Forty-eight hours post-transfection, luciferase activity was measured using
the Dual-Luciferase Reporter Assay System (Promega).

3.3. RNA immunoprecipitation (RIP) experiment

The Magna RIP RNA-Binding Protein Immunoprecipitation Kit (Millipore) was employed to isolate target RNA-protein complexes.
Cells were lysed and suspended in RIP lysis buffer. RIP was performed using anti-Argonaute2 (Millipore) or normal mouse IgG
(Millipore) as negative control, designated as Ago2 group and IgG group, respectively. Antibodies and protein A/G magnetic beads
were incubated at 4 ◦C for 1 h. Target RNAs co-precipitated with the beads were then isolated and quantified by qRT-PCR.

3.4. Animal experiments

All animal experiments were approved by the Animal Care and Use Committee of Affiliated Hospital of Nantong University
(Approval No: 20206NT127). Twenty-four male C57BL/6 mice (6–8 weeks, 18–25 g) were obtained from Hunan SJA Laboratory
Animal Co., Ltd., and maintained under standard laboratory conditions with ad libitum access to food and water. To establish a HS
animal model, sterile wounds of 1 cm in diameter were created bilaterally on the flanks of 18 mice, with a distance of 2 cm between
adjacent wounds (bilateral symmetry). One week prior to surgery, adeno-associated virus short hairpin RNA targeting hsa_-
circ_0007755 (AAV-shRNA-hsa_circ_0007755) and control virus AAV-GFP-NC were injected intravenously (1.6 × 1011 vector ge-
nomes/mouse). Four weeks later, the mice were euthanized, blood samples were collected, and the TH1/TH2 ratio in blood was
analyzed by flow cytometry [17]. Scar tissues were either fixed in 4 % paraformaldehyde or stored at − 80 ◦C.

3.5. Histological staining (H&E)

Tissue samples were fixed in 4 % paraformaldehyde, dehydrated in graded ethanol, embedded in paraffin, and sectioned at 5 μm
thickness. H&E and Masson’s trichrome staining were employed to examine histological changes and collagen deposition [18].

3.6. Data analysis

Data presented as mean ± standard deviation (SD) were analyzed using SPSS software version 18.0. All experiments were per-
formed with at least three biological replicates. Student’s t-test was used for comparisons between two groups, and one-way analysis of
variance was used for comparisons among three or more groups. A p-value <0.05 was considered statistically significant.
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4. Results

4.1. hsa_circ_0007755 is abnormally highly expressed in HS

We initially characterized the expression profile of hsa_circ_0007755 in HS. As demonstrated in Fig. 1A–C, there was a pronounced
upregulation of hsa_circ_0007755 in human HS tissues, murine HS models, and hHSFs, aligning with prior observations. Further
analysis of its circular structure revealed that hsa_circ_0007755 was resistant to degradation by actinomycin D and RNase R, unlike
linear mRNAs, confirming its identity as a novel circRNA highly expressed in HS contexts.

4.2. Silencing hsa_circ_0007755 inhibits proliferation, invasion, fibrosis, and inflammation of hHSFs

Following this, we introduced siRNAs targeting hsa_circ_0007755 into hHSFs. As depicted in Fig. 2A, si-hsa_circ_0007755 effica-
ciously reduced the expression levels of hsa_circ_0007755 in hHSFs. Cell proliferation assays, specifically CCK-8, demonstrated that
downregulation of hsa_circ_0007755 reduced the proliferative abilities of hHSFs (Fig. 2B). Flow cytometric analysis indicated an
elevation in apoptosis rates upon hsa_circ_0007755 knockdown (Fig. 2C). Transwell assays further showed a reduction in the invasive
potential of hHSFs following hsa_circ_0007755 suppression (Fig. 2D). Western blot analysis confirmed the knockdown of hsa_-
circ_0007755 reduced the expression of proliferation marker Ki-67, fibrosis-associated proteins α-SMA and collagen I, and the in-
flammatory signaling protein p-p65 (Fig. 2E). To explore the effects of hsa_circ_0007755 on TH1/TH2 cell dynamics within HS, CD4+ T
cells were isolated and purified frommurine lymph nodes and spleens (Fig. 2F). These cells were subsequently differentiated into TH1/
TH2 cells and co-cultured with hsa_circ_0007755-silenced hHSFs. As shown in Fig. 2G, silencing hsa_circ_0007755 markedly decreased
TH1 cell levels while increasing TH2 cell levels. Additionally, knockdown of hsa_circ_0007755 lowered the secretion of TH1 cytokines
(TNF-α and INF-γ) and enhanced the release of TH2 cytokines (IL-4 and IL-10) (Fig. 2H). Collectively, these data suggest that silencing
hsa_circ_0007755 can inhibit proliferation, invasion, and inflammation in hHSFs while promoting apoptosis.

Fig. 1. hsa_circ_0007755 expression is high in HS.
A: qRT-PCR tested hsa_circ_0007755 in human normal skin tissue and HS tissue. B: qRT-PCR tested hsa_circ_0007755 in mouse normal skin tissue
and HS tissue. C: qRT-PCR tested hsa_circ_0007755 in HFF-1 and hHSFs. D-F: Actinomycin D and RNAse R assayed the ring structure of hsa_-
circ_0007755. Data were expressed as mean ± SD (N = 3). *P < 0.05.
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Fig. 2. Silencing hsa_circ_0007755 inhibits proliferation, invasion, fibrosis, and inflammation of hHSFs.
siRNA targeting hsa_circ_0007755 was transfected into hHSFs. A: qRT-PCR tested hsa_circ_0007755. B: CCK-8 assayed hHSFs proliferation. C: Flow cytometry measured apoptosis rate. D: Transwell
assayed invasion ability. E: Western blot analyzed Ki-67, α-SMA, collagen I, and p-p65. F: Flow cytometry identified CD4+T cells. G: Flow cytometry detection TH1/TH2 cell changes. H: ELISA measured
cytokines TNF-α, INF-γ, IL-4, and IL-10 in TH1/TH2 cells. Data were expressed as mean ± SD (N = 3). *P < 0.05.
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4.3. hsa_circ_0007755 targets mir-27b-3p

We next explored the downstream miRNAs interacting with hsa_circ_0007755. Bioinformatics tools identified a potential inter-
action site between hsa_circ_0007755 and miR-27b-3p (Fig. 3A). Subsequent qRT-PCR analysis revealed a marked downregulation of
miR-27b-3p in human HS tissues, murine HS tissues, and hHSFs (Fig. 3B-D). To confirm the regulatory interaction between hsa_-
circ_0007755 and miR-27b-3p, dual-luciferase reporter assays and RIP experiments were conducted. As shown in Fig. 3E and F, co-
transfection of WT-hsa_circ_0007755 and a miR-27b-3p mimic significantly reduced luciferase activity, with concurrent enrichment
of both hsa_circ_0007755 and miR-27b-3p in Ago2-immunoprecipitated complexes. Moreover, silencing hsa_circ_0007755 resulted in
increased miR-27b-3p expression in hHSFs (Fig. 3G). These findings confirm that hsa_circ_0007755 targets and modulates the
expression of miR-27b-3p.

4.3.1. hsa_circ_0007755 plays a role in HS by regulating miR-27b-3p
Further investigations were conducted to determine whether miR-27b-3p participates in the regulatory mechanisms of HS medi-

ated by hsa_circ_0007755. hHSFs were transfected either with miR-27b-3p mimic alone or co-transfected with pcDNA3.1-
hsa_circ_0007755 and miR-27b-3p mimic. As depicted in Fig. 4A, miR-27b-3p mimic enhanced miR-27b-3p levels, whereas
pcDNA3.1-hsa_circ_0007755 suppressed miR-27b-3p level; notably, miR-27b-3p mimic reversed the effects of pcDNA3.1-
hsa_circ_0007755. CCK-8 assays revealed that overexpression of hsa_circ_0007755 accelerated the proliferation of hHSFs, an effect

Fig. 3. hsa_circ_0007755 targets miR-27b-3p.
A: starbase predicted the potential binding sites of hsa_circ_0007755 and miR-27b-3p. B: qRT-PCR tested miR-27b-3p in human normal skin tissue
and HS tissue. C: qRT-PCR tested miR-27b-3p in normal skin tissue and HS tissue of mice. D: qRT-PCR tested miR-27b-3p in HFF-1 and hHSFs. E-F:
Dual luciferase reporter assay and RIP analyzed the targeting relationship between hsa_circ_0007755 and miR-27b-3p. G: qRT-PCR tested the effect
of hsa_circ_0007755 knockdown on miR-27b-3p expression in hHSFs. Data were expressed as mean ± SD (N = 3). *P < 0.05.
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Fig. 4. hsa_circ_0007755 plays a role in HS by regulating miR-27b-3p.
miR-27b-3p mimic was transfected separately or pcDNA 3.1-hsa_circ_0007755 and miR-27b-3p mimic were co-transfected into hHSFs. A: qRT-PCR tested miR-27b-3p. B: CCK-8 assayed hHSF pro-
liferation. C: Flow cytometry measured apoptosis rate. D: Transwell assayed invasion ability. E: Western blot analyzed Ki-67, α-SMA, collagen I, and p-p65. F: Flow cytometry detected TH1/TH2 cell
changes. G: ELISA measured cytokines TNF-α, INF-γ, IL-4, and IL-10 in TH1/TH2 cells. Data were expressed as mean ± SD (N = 3). *P < 0.05.
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that was negated by overexpressing miR-27b-3p (Fig. 4B). Moreover, overexpression of hsa_circ_0007755 decreased apoptosis rates in
hHSFs, while overexpression of miR-27b-3p increased apoptosis rates (Fig. 4C). Transwell assays confirmed that overexpressing
hsa_circ_0007755 enhanced the invasive capabilities of the cells, which was reversed upon overexpressing miR-27b-3p (Fig. 4D).
Overexpression of hsa_circ_0007755 upregulated the protein expressions of Ki-67, α-SMA, collagen I, and p-p65, whereas over-
expressing miR-27b-3p inhibited these changes (Fig. 4E). Co-culture experiments demonstrated that overexpressing miR-27b-3p
reduced TH1 cell levels, increased TH2 cell levels, decreased TNF-α and INF-γ levels, and elevated IL-4 and IL-10 levels;
conversely, overexpressing hsa_circ_0007755 promoted TH1 differentiation and inhibited TH2 differentiation, effects that were
reversible by overexpressing miR-27b-3p (Fig. 4F and G). These data elucidate that hsa_circ_0007755 modulates hHSF proliferation,
invasion, apoptosis, and inflammation through the regulation of miR-27b-3p.

4.4. A targeting relationship exists between mir-27b-3p and CXCL2

We subsequently probed the downstream target genes of miR-27b-3p. Potential interaction sites between miR-27b-3p and CXCL2
were identified through the bioinformatics resource Starbase (Fig. 5A). Expression patterns of CXCL2 in HS were assessed via Western
blot, revealing significant upregulation in human HS tissues, murine HS models, and hHSFs compared to normal controls (Fig. 5B-D).
To ascertain the direct regulatory relationship between CXCL2 and miR-27b-3p, dual-luciferase reporter assays and RIP experiments
were performed. Co-transfection of WT-CXCL2 and miR-27b-3p mimic significantly reduced luciferase activity, whereas co-
transfection with MUT-CXCL2 and miR-27b-3p mimic did not affect luciferase activity (Fig. 5E and F). Additionally, a high enrich-
ment of both CXCL2 and miR-27b-3p in Ago2 immunoprecipitates was observed. In functional gain-of-function experiments, over-
expression of miR-27b-3p led to a decrease in CXCL2 protein levels (Fig. 5G). These findings confirm CXCL2 as a downstream target
gene of miR-27b-3p.

Fig. 5. CXCL2 is the target gene of miR-27b-3p.
A: starbase predicted the potential binding sites of CXCL2 and miR-27b-3p. B: Western blot tested CXCL2 in human normal skin tissue and HS tissue.
C: Western blot tested CXCL2 in normal skin tissue and HS tissue of mice. D: Western blot tested CXCL2 in HFF-1 and hHSFs. E-F: Dual luciferase
reporter assay and RIP analyzed the targeting relationship between CXCL2 and miR-27b-3p. G: Western blot tested the effect of overexpressed miR-
27b-3p on CXCL2 expression in hHSFs. Data were expressed as mean ± SD (N = 3). *P < 0.05.
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4.5. The promotion impact of hsa_circ_0007755 overexpression on proliferation, invasion, and inflammation of hHSFs is suppressed by
knockdown of CXCL2

Subsequently, we co-transfected hHSFs with pcDNA3.1-hsa_circ_0007755 and siRNA targeting CXCL2. As shown in Fig. 6A,
pcDNA3.1-hsa_circ_0007755 upregulated the expression of CXCL2, whereas si-CXCL2 led to a reduction in CXCL2 levels. CCK-8
proliferation assays demonstrated that hsa_circ_0007755 overexpression promoted the proliferative capacity of hHSFs, an effect
counteracted by CXCL2 knockdown (Fig. 6B). Furthermore, overexpression of hsa_circ_0007755 decreased the apoptosis rate in hHSFs,
an outcome reversed by silencing CXCL2 (Fig. 6C). Transwell invasion assays revealed that hsa_circ_0007755 overexpression enhanced
cellular invasiveness, which was mitigated upon CXCL2 knockdown (Fig. 6D). Additionally, overexpression of hsa_circ_0007755
upregulated the protein expressions of Ki-67, α-SMA, collagen I, and p-p65, whereas CXCL2 knockdown prevented these protein al-
terations (Fig. 6E). Co-culture experiments indicated that hsa_circ_0007755 overexpression increased TH1 cell levels and decreased
TH2 cell levels, effects that were reversed by CXCL2 knockdown (Fig. 6F). Moreover, hsa_circ_0007755 overexpression elevated the
levels of TNF-α and INF-γ while reducing the levels of IL-4 and IL-10 (Fig. 6G). These data suggest that hsa_circ_0007755 mediates its
effects in HS through the modulation of CXCL2.

Fig. 6. The promotion effect of overexpressed hsa_circ_0007755 on proliferation, invasion and inflammation of hHSFs is mitigated by knockdown of
CXCL2.
pcDNA 3.1-hsa_circ_0007755 and si-CXCL2 were co-transfected into hHSFs. A: Western blot tested CXCL2. B: CCK-8 assayed hHSFs proliferation. C:
Flow cytometry measured apoptosis rate. D: Transwell assayed invasion ability. E: Western blot analyzed Ki-67, α-SMA, collagen I, and p-p65. F:
Flow cytometry detected TH1/TH2 cell changes. G: ELISA measured cytokines TNF-α, INF-γ, IL-4, and IL-10 in TH1/TH2 cells. Data were expressed
as mean ± SD (N = 3). *P < 0.05.
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4.6. Low hsa_circ_0007755 inhibits HS and regulates TH1/TH2 balance in mice

Following this, we silenced hsa_circ_0007755 in HS mice model (Fig. 7A). Histological analysis using H&E and Masson’s trichrome
staining indicated that knockdown of hsa_circ_0007755 led to a reduction in scar formation and decreased fibrosis (Fig. 7B and C).
Flow cytometric evaluation showed that silencing hsa_circ_0007755 decreased the proportion of TH1 cells and increased TH2 cells in
murine blood (Fig. 7D). Moreover, this genetic modulation resulted in reduced serum levels of pro-inflammatory cytokines TNF-α and
INF-γ and increased anti-inflammatory cytokines IL-4 and IL-10 (Fig. 7E). Western blot analysis confirmed the downregulation of
CXCL2, Ki-67, α-SMA, collagen I, and p-p65 protein expression following hsa_circ_0007755 knockdown (Fig. 7F). These data suggest
that in vivo silencing of hsa_circ_0007755 mitigates the development and progression of HS.

5. Discussion

There is a high degree of immune regulation involved in fibrosis in HS [19]. This study demonstrated that has_circ_0007755
mediates the miR-27b-3p/CXCL2 axis and is involved in HS immune response by affecting TH1/TH2 balance.

TH1 and TH2 cells are T helper cells, which are crucial for immune response [20]. TH1 cells produce pro-inflammatory cytokines to
mediate cellular immunity, while TH2 cells produce anti-inflammatory cytokines to modulate humoral immunity [21,22]. Immune

Fig. 7. Low hsa_circ_0007755 inhibits HS and regulates TH1/TH2 balance in mice.
A: Western blot tested hsa_circ_0007755. B: Representative images of HE staining of mouse scar tissue. C: Flow cytometry analyzed changes in TH1/
TH2 ratio in mouse blood samples. D: ELISA measured serum levels of TNF-α, INF-γ, IL-4, and IL-10. E: Western blot tested CXCL2, Ki-67, α-SMA,
collagen I, and p-p65 in mouse scar tissue. Data were expressed as mean ± SD (n = 6). *P < 0.05.
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system function and health depend on balance between TH2 and TH1 cells [23–25]. Immune-mediated dermatosis may be mediated
primarily by T cells, humoral immunity, or uncontrolled nonspecific inflammation [26–28], and an imbalance between TH1 and TH2
cells leads to chronic inflammation and fibrosis in HS [3]. This study noticed that hsa_cir_0007755 was highly expressed in human scar
tissue. In vitro studies manifested that hsa_cir_0007755 knockdown reduced the proliferation and invasion of hHSF, enhanced
apoptosis, and decreased fibrotic protein expression. These effects may be achieved by reducing TH1 cells and increasing TH2 cells.

One of the key pathways involved in the management of immune response is the NF-κB pathway, which regulates the activation and
differentiation of immune cells [29–32]. In particular, activation of NF-κB affects TH1 and TH2 cell balance [33,34]. The study
illustrated that overexpressing has_circ_0007755 promoted p-p65 expression and the release of inflammatory cytokines, contributing
to TH1 cell increase and TH2 cell decrease.

CXCL2 is a chemokine that regulates immune response and fibrosis process [35,36]. A previous study highlights that CXCL2 is
upregulated in HS and related to changes in TH1/TH2 balance in HS [3]. This study also had consistent results. hsa_cir_0007755 bound
to miR-27b-3p to increase CXCL2 expression. CXCL2 is a key mediator in immune responses. By regulating miR-27b-3p and CXCL2,
hsa_cir_0007755 can affect TH1 and TH2 cell balance, thereby affecting the overall immune response in HS. These findings have
implications for understanding the underlying mechanisms of HS formation and for developing targeted treatment strategies for this
condition.

Although this study explored the role of hsa_circ_0007755 using amouse model and in vitro cultured hHSFs, these models inevitably
limit the clinical applicability of the findings. First, there are significant immunological differences between mice and humans,
particularly in the function and response of T cell subsets. Similarly, in vitro experiments have their limitations. While the hHSF culture
system is effective in investigating the fundamental mechanisms of cell proliferation, apoptosis, and invasion, cellular behaviors in vitro
often fail to accurately reflect the complex cell-cell and cell-microenvironment interactions occurring in vivo. Moreover, in vitro ex-
periments cannot fully replicate the complete immune system and tissue microenvironment, which may overlook various signaling
pathways and physiological effects involved when assessing the regulatory effects of hsa_circ_0007755 on Th1/Th2 cell balance and
fibrosis. Given these limitations, future studies should prioritize more clinically relevant research, particularly validation using human
samples. This approach would not only further confirm the role of hsa_circ_0007755 in hypertrophic scar formation but also provide
stronger evidence for its feasibility as a potential therapeutic target.

This study preliminarily revealed the mechanism by which hsa_circ_0007755 acts as a "molecular sponge" to regulate miR-27b-3p
and CXCL2, but this molecular network is likely more complex than currently understood. miR-27b-3p plays a broad role in various
physiological and pathological processes [37,38], while CXCL2, as a chemokine, not only participates in immune cell recruitment but
may also function in other pathological conditions [39,40]. Therefore, future studies should explore the broader interactions between
hsa_circ_0007755, miR-27b-3p, and CXCL2, particularly whether additional, as-yet-undiscovered signaling pathways are involved.
The dynamic changes in the immune system are highly intricate, and the Th1/Th2 cell ratio represents only part of the immune
response. Other immune cell subsets, such as regulatory T cells [41] and natural killer cells [42], as well as various cytokine networks
[43], also play crucial roles in scar formation. Future research should expand the scope of immune cell analysis to investigate the
broader immunomodulatory effects of hsa_circ_0007755 on the entire immune system. To fully understand the role of hsa_-
circ_0007755 in HS, future studies should employ a variety of biological models for validation.

Together, the study highlights the critical role of hsa_cir_0007755 in regulating TH1 and TH2 cell balance in HS and provides new
insights into the underlying mechanisms of this condition. Further studies are needed to fully understand the complex interactions
between hsa_cir_0007755, miR-27b-3p, CXCL2, TH1, and TH2 cells and their effects on the immune response in HS. Moreover, the
results apply only to mouse models and hHSFs cell models in vitro, and their applicability to humans is uncertain. A lot of groundwork
needs to be done before clinical trials can proceed.
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