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ARTICLE INFO ABSTRACT

Keywords: Objective: To study the role and mechanism of chloride channel-3 (CIC-3) in the formation of
Hypertrophic scar hypertrophic scar by constructing CIC-3 interference vectors and examining their effects on
HSFB

human hypertrophic scar fibroblasts (HSFB).

Methods: Human HSFB and human normal skin fibroblasts (NSFB) were used in this study, and
CIC-3 interference vectors were constructed to transfect cells. CIC-3 inhibitors NPPB and
Tamoxifen were used to treat cells. Cell migration and the expression of TGF-f/Smad, Collagenl,
CollagenlIl were examined to explore the role of CIC-3 in the formation of hypertrophic scar.
Results: Compared with the normal skin tissue, the positive expression of CIC-3 and TGF—p in the
scar tissue was significantly increased. The relative expression of CIC-3 and TGF-p1 in HSFB cells
was higher than that in NSFB cells. Interfering with the expression of CLC-3 can inhibit the
migration of HSFB cells and the expression of TGF- f/Smad, CollagenI/IIl. The experiment of
HSFB cells treated by CLC-3 inhibitors can also obtain similar results.

Conclusion: Inhibiting CLC-3 can reduce the formation of hypertrophic scars.

clc-3
TGF-p1/Smad3

1. Introduction

Hypertrophic scar shows excessive dermal fibrosis, which is caused by inflammatory cell infiltration, excessive cell proliferation
and collagen synthesis during wound healing [1]. Skin tension and wound infection are the main causes of scar formation. Local
inflammatory reaction is also an important factor affecting scar hyperplasia. Reduction in inflammation helps to reduce scar hyper-
plasia [2]. The hypertrophic scar caused by trauma and surgery is a problem for most patients, so it is of great significance to explore
the mechanisms underlying hypertrophic scar.

Transforming growth factor- g (TGF- ) It is a major factor that triggers the process of fibrosis [3,4]. TGF-p induces the expression of
fibrosis related gene such as a-SMA and collagen through both classical and non-classical signaling pathways [3,5]. Transforming
growth factor-p1 (TGF-p1) can promote fibroblast migration and proliferation, and increase collagen synthesis and deposition. Scar

* Corresponding author.
** Corresponding author.

E-mail addresses: Lordyhw@163.com (H. Yang), zlm3277902@163.com (L. Zhang).
1 Co-first author.

https://doi.org/10.1016/j.heliyon.2024.e24984

Received 15 August 2023; Received in revised form 17 January 2024; Accepted 17 January 2024

Available online 19 January 2024

2405-8440/© 2024 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).


mailto:Lordyhw@163.com
mailto:zlm3277902@163.com
www.sciencedirect.com/science/journal/24058440
https://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2024.e24984
https://doi.org/10.1016/j.heliyon.2024.e24984
https://doi.org/10.1016/j.heliyon.2024.e24984
http://creativecommons.org/licenses/by-nc-nd/4.0/

Q. Liang et al. Heliyon 10 (2024) 24984

formation is the result of skin fibrosis driven by myofibroblasts. Therefore, the formation of hypertrophic scar is considered to be one of
the main causes of TGF-p1 activation and secretion [6]. TGF-p/Smad signaling pathway is a key signaling pathway that regulates
collagen formation in fibroblasts and myofibroblasts. Sustained activation of TGF-f/Smad signaling pathway leads to long-term
overactivation of fibroblasts and myofibroblasts and promotes the production of extracellular matrix (ECM). This is the main
reason for excessive collagen formation in hyperplastic scars [6]. In view of the regulatory role of TGF-p/Smad signaling pathway in
fibroblasts and myofibroblasts, there are two major therapeutic strategies to reduce hyperplastic scars: make the cell disfunction and
inhibit cell proliferation and migration [6,7].

Chloride channel 3 (CIC-3) is a member of the chloride channel superfamily and a multifunctional protein that plays a key role in
regulating ion homeostasis, vesicle acidification and membrane excitability [8]. peng et al. found that there was a close relationship
between CIC-3 chloride channel and TGF-B1. The interference of CIC-3 could inhibit the activation of TGF-p/Smad signaling pathway
[9]. Therefore, CIC-3 may be a potential target for the treatment of hyperplastic scars. we hypothesized that CIC-3 may be one of the
potential factors regulating hypertrophic scar formation. In order to explore the role of CLC-3 in the process of hypertrophic scar
formation, HSFB cell migration and collagen expression were observed after interference with the expression of CLC-3.

2. Materials and methods
2.1. Cells and tissues

Human hypertrophic scar fibroblasts (HSFB), human normal skin fibroblasts (NSFB) (HUM-iCell-s035, iCell Bioscience Inc,
Shanghai); Hypertrophic scar tissue samples, normal dermal tissue samples (The Second Affiliated Hospital of Guangxi Medical
University).

2.2. Reagents

Tamoxifen (HY-13757A, MCE); NPPB (HY-101012, MCE); CIC-3 interference lentivirus vector, CIC-3 interference lentivirus empty
vector (Zhonghong Boyuan Molecular Laboratory); anti-CIC-3 (bs-6981R, Bioss, 1/200); anti-TGF-p1 (AF1027, Affinity, 1/100); anti-
Smad3 (AF6362, Affinity, 1/100).

2.3. Cell culture and transfection

Cells were resuscitated and cultured in the CO; incubator (BPN-80CW, Shanghai Yiheng Scientific Instrument Co., Ltd.). The
cultured medium was changed according to the cell state the next day. Cells were passaged at the ratio of 1:3 when the cell confluence
reached 80-90 %. The cells were plated on 6-well plates (2-10 x 10° cells per well) or 6-cm dishes (5 x 10°-2 x 10° cells) and cultured
in the incubator till the cells completely adhered to the wall. Take 6-well plate as an example (the volume of culture medium in 6-cm
dish is twice that of 6-well plate), cells were subjected to transfection when the cell confluence reached 70 %. Before transfection, the
cell culture medium was replaced with 1 ml of serum-free culture medium. Two sterilized EP tubes were prepared, and 125 pl Opti-
MEM was added to each tube. 5 pl of lipofectamine 3000 was added to one tube, and 12.5 pl of siRNA was added to the other EP tube
(siRNA powder was dissolved in DEPC water; 125 pul/10D). After incubation at room temperature for 5 min, the solution in each EP
tube was mixed and incubated at room temperature for 15 min. The mixed solution was added into the 6-well plate and cells were
cultured in the incubator. 4-6 h following transfection, 1 ml of complete medium containing 20 % serum was added to the 6-well plate,
and experiments were carried out 48 h later.

2.4. Lentivirus infection

Take the 6-well plate as an example, the medium was replaced and 1 ml of complete medium was added when cell confluence was
about 30-50 %. According to the pre-experiment, virus was added to incubate with cells at an MOI of 100. An appropriate amount of
polybrene (5 pg/ml) was then added and replenished with the complete medium (1 ml) after 4-6 h of infection. The second day after
cell infection, the culture medium containing virus was discarded and replaced with fresh complete culture medium. After 48-72 h of
virus infection, the follow-up experiments were conducted.

2.5. Scratch test

Scratch was made by 10 pl/200 pl pipette tip when the cell confluence reached more than 90 %. The culture medium was discarded,
and cells were washed with PBS for three times. Serum-free culture medium was then added, and pictures of scratches were taken. The
cells were incubated in the incubator, and pictures of the scratches were taken again 24 h later. The migration rate of the cells was
calculated.

2.6. Immunofluorescence

The paraffin sections were dewaxed, and the sealing liquid was sucked out. The diluted primary antibody (1:200) was dropped into
the culture dish, and incubated at 4 °C overnight. After washing with PBS for 3 times, 3 min each time, the excess liquid in the culture
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Table 1

Primers used in this study.
Primer name Sequences (5-3")
p-actin F AGGGAAATCGTGCGTGAC
p-actin R CATACCCAAGAAGGAAGGCT
CIC-3F CATTTGCCTTAGTGCGTTGT
CIC-3R ATGATATAAGAACCAGGACCCTCT
TGF-p1 F CCGACTACTACGCCAAGGA
TGF-p1 R AACCACTGCCGCACAACTC
Smad3 F GAGGAGAAATGGTGCGAGAA
Smad3 R CAGGCGGCAGTAGATGACA
Collagen I F AGACATCCCACCAATCACCT
Collagen I R CGTCATCGCACAACACCTT
Collagen III F TGGCATCAAAGGACATCG
Collagen III R CATAATACGGGGCAAAACC

DAPI Vimentin Merge

NSFB

HSFB

Fig. 1. The hypertrophic scar fibroblasts (HSFB) and normal skin fibroblasts (NSFB) were identified by detecting the expression of Vimentin using
the method of immunofluorescence ( x 400).

dish was sucked out. The diluted fluorescent secondary antibody (1:200) was then added and incubated at 37 °C for 30 min. Cells were
washed with PBS for 3 times, 3 min each time. DAPI was dripped and incubated in the dark for 5 min to stain the nuclei. The excess
DAPI was washed with PBS. The culture dish was sealed with 50 % glycerin, and then observed under the inverted fluorescence
microscope (MF53, Guangzhou Mingmei Photoelectric Co., Ltd.).

2.7. Immunohistochemistry

The tissue sections were baked, dewaxed and hydrated. Antigen was repaired with citric acid buffer. After blocking with 5 % BSA,
the sections were incubated with primary antibodies (1:100) at 4 °C overnight, followed by incubation with the second antibody
(1:100) labeled with horseradish peroxidase. Subsequently, DAB color development, hematoxylin counterstaining, dehydration and
transparent were conducted. The sections were then sealed and observed under the microscope (BX43, Olympus).

2.8. Western blot

The cells were collected, total protein was extracted with RIPA lysate and then centrifuged at 12,000 r/min at 4 °C for 10 min. The
supernatant was taken and the total protein was quantified with a BCA protein quantitative kit. After denaturation, the protein samples
were subjected to sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and membrane transfer with constant flow of
300 mA. The PVDF membrane (Millipore) was blocked with skimmed milk, incubated with the primary antibody at 4 °C overnight,
followed by incubation with the secondary antibody at room temperature. The PVDF membrane was soaked with luminescent liquid,
and then placed in the ultra-high sensitivity chemiluminescence imaging system (Chemi DocTM XRS+, Bio-Rad Laboratories
(Shanghai) Co., Ltd.) for development.



Q. Liang et al. Heliyon 10 (2024) 24984

A DAPI CcLC-3 Merge

B DAPI TGF-B Merge

B0 ll

iy
i
L&
)
>
protein relative expression
o o o o
° ° 3 2
8 a s >
>
»
6y
»
¢4
»

%,

‘ CcLC-3 TGF-B Smad3

N
(2N

NS, -

%
N
%,

Fig. 2. Expression of CIC-3, TGF-p and proteins in related signal pathways in scar tissues. (A) Immunofluorescence staining of CIC-3. (B) Immu-
nofluorescence staining of TGF-B. (C) Immunohistochemical staining of CIC-3, TGF-$1, Smad3. Magnification, x400.

2.9. gPCR detection

Trizon reagent was used to extract total RNA from cells. RNA ultrapure extraction kit and miRNA ultrapure extraction kit were used
to extract mRNA and miRNA. The concentration and purity of mRNA were determined by UV-visible spectrophotometer. cDNA was
synthesized by RNA reverse transcription kit and miRNA reverse transcription kit. Primers used in this study were shown in Table 1.
The quantitative PCR was performed by the fluorescence PCR instrument, and the reaction steps were as follows: pre-denaturation at
95 °C for 10 min, 40 cycles of denaturation at 95 °C for 10 s, annealing at 58 °C for 30 s and extension at 72 °C for 30 s.

2.10. Statistical analysis

All data were statistically analyzed by IBM SPSS Statistics 19. The quantitative values between the two groups were compared by
independent sample T-test. The quantitative values between multiple groups were compared by one-way ANOVA, and the two groups
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Fig. 3. Expression of CIC-3, TGF-p and Smad3 in HSFB cells. *P < 0.05 compared with NSFB. HSFB, hypertrophic scar fibroblasts; NSFB, normal
skin fibroblasts.

were compared by LSD and S-N-K methods. P < 0.05 indicates the significant difference.
3. Results
3.1. Immunofluorescence identification of fibroblasts

Vimentin is a marker of fibroblasts. As shown in Fig. 1, immunofluorescence staining showed that Vimentin was expressed in
human HSFB and NSFB.

3.2. Expression of CIC-3 and proteins in related signal pathways was increased in scar tissues

As shown in Fig. 2A and B, compared with the normal tissue, the normal structure of skin tissue disappeared, the cells were in
diffused distribution, and the positive expression of CIC-3 and TGF-§ was significantly increased in the scar tissue. As shown in Fig. 2C,
compared with the normal tissue, the positive expression of CIC-3 (0.1351 + 0.0077), TGF-p1 (0.1195 + 0.0191), Smad3 (0.1196 +
0.0145) in the scar tissue was significantly increased.

3.3. Expression of CIC-3 and proteins in related signal pathways was increased in HSFB cells

As shown in Fig. 3, qPCR results showed that compared with NSFB group, the mRNA relative expression levels of TGF-p1 (2.967 +
0.248)and Smad3 (7.227 + 0.991)were increased significantly in HSFB. Western blot results showed that the protein relative
expression levels of CIC-3 (0.805 + 0.062), TGF-p1 (1.237 + 0.045), Smad3 (0.910 + 0.117), Collagen 1(0.694 + 0.016) and Collagen
I11(0.995 + 0.036) were increased significantly in HSFB group.

3.4. Effect of inhibition of CLC-3 expression on HSFB cells

As shown in Fig. 4A, compared with the sh NC group, the expression of Collagen I proteins (0.543 + 0.039) significantly decreased
after interference with CLC-3. Compared with the HSFB group, the chloride channel blockers NPPB significantly inhibited the
expression of CollagenI(0.504 + 0.111), CollagenlIII(0.536 + 0.170), Smad3 (0.865 + 0.057), TGF-p1 (0.888 + 0.157)protein, and
Tamoxifen significantly inhibited the expression of CollagenI(0.585 + 0.173), CollagenlIII(0.603 + 0.142), TGF-p1 (0.886 + 0.096)
protein.

As shown in Fig. 4B, compared with the sh NC group (24.2 + 3.67 %), the migration ability of cells significantly decreased after
interference with CLC-3. Compared with the HSFB group (30.5 & 6.51 %), the ability of cell migration in the chloride channel blocker
NPPB(14.1 + 1.61 %)and Tamoxifen (11.4 + 2.76 %) treatment groups decreased significantly.

4. Discussion

The formation of hypertrophic scar is mainly the result of skin fibrosis caused by fibroblast migration and proliferation, and tissue
fibrosis is an important reason for the formation of hypertrophic scar [6]. In general, transforming growth factor-pl (TGF-p) is
considered to be the key mediators promoting fibrosis in fibrotic diseases, and three types of TGF-p subtypes have been identified in
mammals, called TGF-f1, 2 and 3 [10,11]. TGF-f1 can promote fibroblast migration and proliferation, and promote hypertrophic scar
fibrosis, which is one of the important factors causing scar formation. Chlorine-3 (CIC-3) is a member of the chlorine-channel su-
perfamily, which can participate in the regulation of various cell functions, including apoptosis, autophagy, cell cycle, etc. [12,13].
CIC-3 can promote the proliferation and migration of tumor cells [14,15]. mu et al. found that interference with the expression of
CLC-3 can inhibit the division and proliferation of tumor cells through the Wnt/p-catenin signaling pathway [14]. It has been reported
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Fig. 4. Effect of inhibition of CLC-3 expression on HSFB cells. (A) The expression of fibrosis-related proteins. (B) Effects of inhibition of CLC-3
expression on HSFB cells migration. *P < 0.05 compared with NSFB; #P < 0.05 compared with HSFB; **P < 0.05 compared with sh NC.

that CIC-3 can promote the differentiation of fibroblasts into myofibroblasts [16]. However, the regulatory role of CLC-3 in hyper-

trophic scar formation remains unclear.

Smad3 is a key regulator of the typical TGF-§ signaling pathway, playing an important role in the transcriptional regulation
mediated by TGF-f1 [17]. In many diseases, TGF-p1 activates Smad3 and leads to tissue fibrosis [10,18]. Smad3 directly combined
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with the promoter region of Collagen to trigger the production of collagen fibers, and inhibited the degradation of ECM (extracellular
matrix) by inducing TIMP-1, while reducing the activity of MMP-1 in fibroblasts [19-22]. In the process of renal fibrosis in rats induced
by unilateral ureteral obstruction (UUO), the expression of TGF-B\ Smad3 in renal tissues was significantly increased [23]. However,
Smad3-knockout mice alleviated renal fibrosis after UUO by blocking epithelial-mesenchymal cell transformation (EMT), inhibiting
monocyte inflow, and collagen deposition [24]. Collagen I/II is closely related to tissue fibrosis. Collagen Il is an important component
of ECM, and increased expression of Collagen II was found in liver and heart fibrosis [25-27]. Therefore, Collagen I/III plays an
important role in the fibrosis process of hypertrophic scars. In order to further investigate the pathways involved in hypertrophic scar
formation mediated by CLC-3 chloride ion channels, we analyzed the expression of CLC-3, TGF-p1, and Smad3 in hypertrophic scar
tissue and hypertrophic scar fibroblast HSFB. Our results showed that: The expression of CLC-3, TGF-pl and Smad3 increased in
hypertrophic scar tissue compared with normal tissue. Compared with NSFB, the expressions of CLC-3, TGF-p1, Smad3, CollagenI\III
were increased in HSFB cells.

At the same time, knockdown of the expression of CLC-3 inhibited the cell migration ability of human hypertrophic scar fibroblasts
HSFB, and the expression of CollagenI in HSFB cells was inhibited. The expressions of TGF-p1, Smad3, CollagenI\III were inhibited by
CLC-3 chloride channel blockers NPPB and Tamoxifen, and the migration ability of HSFB cells was decreased. Therefore, inhibition of
CLC-3 can reduce HSFB cell migration ability by inhibiting TGF-f-smad3 signaling pathway to reduce hypertrophic scar formation.
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