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following burns or trauma. While Tenascin-C (TNC)’s role in promoting visceral
fibrosis remains unclear. This study aims to investigate the effects of TNC o
Methods: RNA sequence and IHC techniques were used to examine the upregulation C gene 1n human hypertrophic scar tissue
compared to normal tissues. Knockdown of TNC in Human skin fibro s achieved, and expression of Coll and
Col3 was evaluated using qPCR. Sirius red collagen staining assessed@mpact on total collagel content and ECM deposition. Effects on
cell proliferation and migration were investigated through cck-8 an
out TNC, and resulting samples were injected into ear wound o

extracellular matrix deposition. It did not affect HFF-1
promoted wound healing and reduced collageg &iion in

surgery, radiotherapy, and combination therapy.*> However, their effectiveness is still uncertain, highlighting the need for
an efficient, convenient, sustainable, low-cost, and minimally side-effect treatment method that inhibits collagen
production and ECM deposition.

In recent years, there has been a growing interest in scar formation, particularly in relation to experimental and
genomic factors.® It is widely acknowledged that various biochemical stimuli during wound healing, such as physical
tension, the expression of transforming growth factor § genes, and abnormal proliferation of fibroblasts, play a significant
role in the development of pathological scars.”® In order to gain a better understanding of scar management, we have

conducted an analysis of genes and their regulatory factors. The molecular mechanism behind the formation of
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hypertrophic scars has attracted considerable attention, as it holds potential for gene therapy of HS.>'® Existing evidence
suggests that Tenascin-C (TNC) is expressed during embryogenesis, cancer transformation, and wound healing.'""'?
Although TNC expression is relatively low in normal adult skin, it significantly increases during the process of wound
healing.'*'* TNC is known to play a crucial role in the development of various fibrosis conditions.'>' In our study, we
observed a significant elevation in TNC expression in hypertrophic scars compared to normal skin tissue. Knocking down
TNC effectively inhibited collagen production and ECM deposition in human skin fibroblasts, improving tissue structure
and inhibiting hypertrophic scar formation. This effect may be achieved through involvement of the TGF-f signaling
pathway, and PI3K-Akt signaling pathway, shedding light on potential mechanisms underlying HS formation and

providing a novel strategy for clinical treatment of HS.*'’

Materials and Methods

Organizational Sample Collection
Our research complies with the Declaration of Helsinki. 27 samples of hypertrophi

gnd their

proved by the
Clinical Research Committee of Shanghai Tenth People’s Hospital (IRB No: S 1). Additionally,
the study is registered on Clinical-Trial.gov and the identifier number is routine pathological
examination confirmed the diagnosis of hypertrophic scars. The collectedfKi vided into two sections:
one for histological examination, and the other was frozen in liquid gi

ed and stained with standard Hematoxylin
chemical staining of TNC (Abcam, ab108930)

a slice thickness of 4 pm and placed on glass slides.
eosin (H&E) or Masson trichrome. As mentioned earlie
was performed using the DAKO kit (DAKO
microscope (Leica Microsystems, Wetzlar, 4

Cell Culture

Human skin fibroblasts (HFF-1 i s Culture Collection) were cultured in DMEM medium containing
15% FBS (Invitrogen, Carls supplemented with 10% fetal bovine serum, 100 pg/mL streptomycin, and
100 U/mL penicillin. T in an incubator at 37°C and 5% CO2 with saturated humidity, and the
medium was change r day. All cells were digested with 0.25% trypsin (containing 0.05% EDTA) and

@ ' siRNA) Synthesis and Cell Transfection

0l and positive control were designed and synthesized by Shanghai Jiman Biotechnology Co., Ltd.
Additionally, twOR@irs of TNC siRNA sequences, namely TNC siRNA-1 and TNC siRNA-2, along with the negative
control NC siRNA, Were designed and synthesized. The primer sequences are as follows: NC siRNA forward primer, 5’-
UCUCCGAACGUGUCACGUATAT3’, reverse primer, 5’~ACGUGACACGUUCGGAGAAAdTAT3’; TNC siRNA-1 for-
ward primer, 5’-CAGAGUACCUUGUCGUUALt3’, reverse primer, 5’-UACACACAAGUACUCUGutt3’; TNC siRNA-
2 forward primer, 5’-CUGAAAUUGGAAACUUAAALt3’, reverse primer, 5’-UUAAGUUCCAAAUUCAGtt3’. Cells
were seeded at a density of 2x106 cells/well in a 6-well plate and transfected when they reached a confluence of 40% to
50%. The cells were divided into three groups: negative control+jetPRIME®, TNC siRNA-1+jetPRIME®, and TNC
siRNA-2+jetPRIME®™. During transfection, the jetPRIME® transfection reagents were used according to the instructions.
After 4 hours of transfection, the DMEM culture medium containing 10% FBS was replaced, and the cells were further
cultured for 24 hours before being used for subsequent experiments.
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RNA Extraction and RT qPCR

Each tissue and corresponding cultured cells were isolated using TRIzol reagents (Invitrogen, Carlsbad, CA, USA) to extract total
RNA. The RNA quantity was measured using a NanoDrop ND-1000 spectrophotometer. Then, the RNA was converted into
cDNA using a first strand cDNA synthesis kit (Invitrogen, Carlsbad, CA, USA) and a thermal cycler (S1000, Bio Rad, Berkeley,
CA, USA). Quantitative reverse transcription PCR was performed using the SYBR Green qPCR mixture (Invitrogen, Carlsbad,
CA, USA) on the Applied Biosystems ViiA ™ 7 Dx instrument (American Life Technology Company). The amplification and
detection efficiency of all primers were verified by measuring the Ct slope and dilution sequences. The transcription level of TNC

was normalized to the GAPDH cDNA level using the standard curve method. The primer sequences were as follows: human TNC
forward primer, 5’- AGGGGCAAGTGCGTAAATGGAG3’, reverse primer, 5’- TGGGGCAGATTCACGGTG3’; Human
GAPDH forward primer, 5’- CAGGAGGCATTGCTGATGATGAT3’, reverse primer, 5’- GAAGGCTGGGGCATTT3’;
Human Collagen Type 1 forward primer, 5- GAGGGCCAAGAGAAGACATC3 s¢  primer, 5’-
CAGATCACGTCATCGCACAAC3’; Human Collagen Type III forward primer, 5’- GCCA G TGACTCA3’,
reverse primer, 5’- GGGCGAGTAGGAGCAGTTG3’; Rabbit TNC forward primer, 5’- C AA3’, reverse

RNA Seq Analysis

For each sample, 1 pg of total RNA was used for RNA seq
sequencing library preparation kit (Vazyme). The mRNA w: ented, and converted into double stranded
cDNA. The cDNA was then ligated to the VAHTS RNA adap fter terminal repair and addition of a single
deoxygenated Adenine A. The purified ligated prod 200-500 bps were digested with heat-resistant
UDG, amplified, purified, quantified, and stored at — equencing. For high-throughput sequencing, a library

was prepared according to the protocol reqiie oplied to the Illumina HiSeq XTen system for 150 nt paired-

7l values. Differential gene expression was determined through statistical

L on differentially expressed genes to identify enriched cellular pathways.

Cell Migratidn Assay
An in vitro scratch assay was performed to evaluate cell migration. Cells were seeded and allowed to attach to a culture
insert containing DMEM in a 35 mm cell culture dish (Ibidi GMBH, Martinsried, Germany). The cells were cultured in
DMEM supplemented with 10% FBS until they reached 100% confluency. After 24 hours of serum starvation with
DMEM supplemented with 0.5% FBS, a 200 puL pipette tip was used to create a single-layer scratch by scraping the cells.
The scratches were then rinsed four times with PBS. Digital photos of the scratch area were captured using an optical
microscope (Olympus CKX41, Olympus, Tokyo, Japan). The distance between the scratch edges at four points along the
scratch line was measured using Image Pro Plus 6.0 software.
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Measurement of Total Collagen Production

HFF-1 cells were seeded onto a 6-well plate and incubated at 37 °C and 5% CO2 for 24 hours. The cells were then
transfected with TNC siRNA-1, TNC siRNA-2, or NC siRNA using the aforementioned methods. After 36 hours of
transfection, Sirius Red dye was added, and the cells were cultured at 37 °C for 90 minutes. The cells were then washed
with tap water and air-dried overnight. The Sirius Red dye was dissolved in sodium hydroxide, and the absorbance was
read at 540 nm using a microplate reader (Molecular Devices, Sunnyvale, CA, USA).

Establishment of a Rabbit Ear Hypertrophic Scar Model
Adult New Zealand White Rabbits (3—4 months old, weighing 2.5-3.0 kilograms, no gender restriction) were obtained

used as a control. The target sequences were as follows: shRNAT:
GGGCTATGATGCCAGTGAAAT-3’; shRNA3: 5’-CAGAC@ATCTCACABMAATT-3’; scrambled shRNA: 5’-

s were validated by sequencing. The degree
of TNC inhibition by different shRNA plasmids was ¢ al-time PCR, and the most effective silencing

Experimental

A total of 8 rabbj i study. From the 21st to the 25th day after surgery, the scars were divided into
four groups ntrol group, PBS treatment group, NC treatment group, and TNC treatment group.
Subcutane of PBY (40 uL/piece), high titer (1 x 10'® plaque forming units/mL) recombinant lentivirus

a day to treat th&@ears. Prior to subcutaneous injection treatment, the scar elevation index and ultrasonography were
e the scar thickness. On the 21st, 23rd, 25th, 27th, and 35th days post-surgery, the scar elevation

index was calculated, and the rabbits were euthanized on the 35th day after the operation. Prior to euthanasia, the

performed to deter

extent of scar hyperplasia was assessed using ultrasound. After euthanasia, scar tissue was collected from the rabbit
ears under deep anesthesia. The scar was then longitudinally incised, fixed with 4% Paraformaldehyde, and subjected
to paraffin embedding and 5 pm thick tissue sectioning. Subsequently, the sections were stained with Hematoxylin and
Eosin (H&E) as well as Masson’s trichrome, and examined under a light microscope (Nikon, Tokyo, Japan). The
double-blind method used in the establishment of animal models and the injection process of lentivirus is unknown to
the modelers and data collection analysts, in order to ensure the reliability of the experimental results to the greatest
extent possible.
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Evaluation of Scar Enhancement Index

To quantify the extent of scar proliferation, the Scar Enhancement Index (SEI) was calculated using H&E-stained
sections of the wounds. SEI is defined as the ratio of the length of a line perpendicular to the surface, extending from the
scar/skin epithelium to the opposite side of the scar, to the length of the same line on normal skin. A blinded examiner
utilized Image Pro Plus 6.0 software (Media Cybernetics in Rockville, Maryland) to measure the SEI for each wound.

Results

In our study, participants were selected based on the following inclusion criteria: 1. Age > 18 years old; 2. More than
1 year post-fracture internal fixation surgery; 3. Clinically diagnosed with hypertrophic scars, or confirmed to have
hypertrophic scars through postoperative pathological diagnosis in cases where clinical diagnosis was unclear; 4. No

previous treatment for hypertrophic scars, including surgery, radiotherapy, local injection of bg toxin, hormone

hypertrophic scar and surrounding normal tissues, aiming to i
pathways. The Results revealed significant expression diffe
Numerous genes exhibited upregulation or downregulation

Collect human hypertrophic scar tissue and surrounding normal tissue, and
etect the expression of TNC in hypertrophic scar tissue by Transcriptome and
other methods

Observing pathological differences between hypertrophic scars and surrounding
normal tissues such as collagen fibers through H&E and Masson staining of
human skin tissue, and observing differences in TNC expression between
hypertrophic scars and surrounding normal tissues through immunohistochemistry

Construction of siRNA knockout TNC, transfection of fibroblasts to detect the
expression of type I collagen and type III collagen by qPCR, and determination of
total collagen content and extracellular matrix deposition by Sirius red staining

Exploring the eff%t of TNC on the Construct siRNA that knocks out TNC, transfect fibroblasts, and measure the
migration and proliferation of fibroblasts Cell migration ability through cell scratch test, and measure the cell proliferation
in hypertrophic scars ability through cck-8 to explore the influence of TNC on the migration and
proliferation of fibroblasts

Construct a scar model on the ventral surface of the ears of New Zealand white

Using a New Zealand white rabbit scar rabbits, inject knockdown TNC lentivirus subcutaneously, and compare the
model to verify the effect of TNC on scar [« changes in scar formation from the appearance on days 14, 21, 23, 25, and 35 of
hyperplasia scar treatment. After 35 days, observe the differences in scar tissue by HE and

Masson staining

Figure | The experimental process.
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non-hypertrophic scars, there are 25 genes upregulated and 288 genes downregulated in the sl
genes in HS. (F) It was found that the PI3K-Akt signaling pathway promotes inflammation

pertrophic scar. (E) KEG®¥enrichment analysis of differentially expressed
endothelial cell liferation, while also inhibiting the formation of HS.

ed on the combined set of significantly

conducted. The analysis of upregulated geg . ealed that the P13K- Akt signaling pathway promotes
inflammation and endothelial cell proliferg ibi hypertrophic scar formation, as depicted in Figure 2F.

Histopathology

H&E and Masson staining wi

embedded
stained cells in

® samples. A strong TNC immune response was observed in the cytoplasm of DAB-
tissue, resembling the morphological characteristics of epithelial cells and dermal fibroblasts. In
comparison, a weaMINC immune response was detected in the corresponding cells of NS tissue, confirming the

significantly higher TNC expression in the HS group than in the NS group (Figure 3c and dii).

Knocking Down TNC Inhibits Fibrosis-Promoting Markers in HFF-1

To assess the impact of TNC knockdown on inhibiting hypertrophic scar fibrosis, qPCR was conducted to measure TNC
expression levels after transfecting HFF-1 cells with TNC siRNA. The results demonstrated significantly reduced TNC
expression in the TNC siRNA-1 and TNC siRNA-2 groups compared to the control group (p<0.001), as depicted in
Figure 4. A. Knocking down TNC led to a significant downregulation of type I and type III collagen expression in HFF-1
cells (p<0.001) (Figure 4B and C). Additionally, Sirius red staining of total collagen followed by quantitative analysis
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Figure 3 Pathological Histogram (a and b): HS patients have a large amd
collagen nodules. In NS patients, the subcutaneous collagen fibers ard
Immunohistochemistry showed a strong TNC immune respg

and irregularly arranged collagen fibers, which are thick and some can form
0 reg , and the skin tissue structure is present and normal. (c and dii)
was 5|gn|f‘cantly different from the NS group (****p<0.001).

revealed that TNC knockdown signt tracellular matrix synthesis and total collagen production

9 not significantly affect HFF-1 cell proliferation (Figure 4G). These results suggest that
knocking d TNC inhibits fibrosis occurrence and development without affecting HFF-1 cell proliferation and

migration.

Knocking Down TNC Inhibits Wound Healing and Reduces Collagen Deposition in
a New Zealand White Rabbit Ear Scar Model

The animal model of hypertrophic scar differs from humans in terms of skin and subcutaneous tissue structure. In this
study, to investigate the effect of TNC knockdown in animal models, a full-layer defect was created on the dorsal ventral
surface of New Zealand white rabbits. A pGMLV-SC5 RNAIi sequence vector was constructed (Figure 5A), and an
shTNC plasmid was synthesized. Lentivirus-mediated delivery of NC, TNC, and PBS was subcutaneously injected.
gqPCR analysis confirmed a significant decrease in TNC expression in the Ad-TNC group compared to the control group
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Figure 4 Cell level validation (A) Significant decrease in TNC expression level after HFF-1 transfection with T, i . down TNC can significantly
downregulate the expression of type | and type Ill collagen in HFF-1 (***p<0.001). (D) Sirius red staining i could significantly inhibit the
synthesis of extracellular matrix and the production of total collagen (**p<0.01). (E) Cell scratch test c had no significant effect on Cell
migration (p>0.05). (F) Statistical analysis chart of cell scratch experiment. (G) CCK-8 validation showed that ing down TNC had no significant effect on cell

proliferation ability (p>0.05).

35th day of wound healing, and the appearance of s documented using digital photographs

(Figure 5C). The photos revealed that knocking down gutly promoted wound healing (Figure 5D). Scar

thickness was measured on the 35th day usipg E, America). The TNC group exhibited significantly

group compared to the control gro as shown in Figure 5F. H&E and Masson’s trichrome staining were
performed to evaluate re-epithel gen deposition. The thickness of scar hyperplasia in the TNC group
was significantly reduced co S groups (*p<0.05), and extremely significantly reduced compared
to the BC group (p<0.00 ). The knockdown TNC group had faster wound healing, less collagen

deposition, thinner ¢ ure, and orderly arrangement. In vivo research further confirms the anti-fibrotic
otential strategies for clinical treatment.

¢ scars is an aberrant wound healing response following trauma.'® Histologically and
clinically, hype ic scars are distinguished by the proliferation of fibroblasts and excessive deposition of extracellular
matrix.'” Neverthe[8@p, the existing conservative treatment options for hypertrophic scars, including radiotherapy, laser
therapy, and interferon therapy, have limitations and are unable to fully prevent scar formation by inhibiting fibroblast
proliferation and extracellular matrix deposition.”® Fibroblasts promote the deposition of extracellular matrix by secreting
ECM components such as collagen. Secondly, receptors such as integrins on the cell surface participate in the deposition
of extracellular matrix by binding to ECM molecules.?' In addition, the degradation enzymes of the extracellular matrix
also participate in the dynamic regulation of the extracellular matrix, maintaining its homeostasis by degrading and
rebuilding the ECM. These mechanisms collectively regulate the deposition and dynamic changes of extracellular
matrix.”> Consequently, researchers have undertaken investigations into other potential unidentified factors that may

contribute to hypertrophic scar formation, in order to develop novel strategies for managing scar formation.
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A C Day 35: The thickness of scar
was detected by Ultrasonic
Day 21-25: Subcutaneous testing. and the thickness of
Day 14: Measure injection of lentivirus once a day,  scar was measured to evaluate
scar thickness measurement of scar thickness  SEI. After executing the rabbit,
Daly 0:Operation and cvaltme SEI every o!hler day, cvalualllon of SEl scar tisu}: was taken.
- Day 0 Day 14 Day 21 Day 25 Day 35

Day 0 Day 14 Day 21 Day 23 Day 25 Day 35

. g - @SO ﬁ‘@@ "E P

L
1.0+
PO
0.54

NC shTNC

relative expression level

-o- Ad-TNC - Ad-NC -« PBS + BC

Figure
scars. (C)
analysis chart &
Ad-TNC group

onstruction of pGMLV-SC5 RNAi sequence vector. (B) shTNC can significantly reduce the gene expression of TNC in rabbit ear
hart. (D) Digital photos showing the process of wound healing. (E) Scar ultrasound on the 35th day. (F) Dynamic monitoring and
thickness. (G and H) The degree of collagen deposition was evaluated by H&E and Masson’s trichrome staining. The thickness of scar hyperplasia in the
ionificantly reduced compared to the Ad-NC and PBS groups (p<**0.05) and extremely significantly reduced compared to the BC group (p<***0.001).

Transcriptome sequencing analysis in our study revealed a significant upregulation of TNC in hypertrophic scar
tissue. TNC, a large hexameric extracellular matrix glycoprotein, is expressed during embryogenesis, cancer develop-
ment, and wound healing.”® Although its expression level is relatively low in normal adult skin, it is significantly
increased during wound healing.** Previous studies have reported the upregulation of TNC through TGF-B1, promoting
the deposition of extracellular matrix proteins and leading to pulmonary fibrosis.>> Additionally, TNC upregulation has
been associated with renal fibrosis through the activation of the STAT3 pathway and angiogenesis in proliferative diabetic
retinopathy.?® However, there is a lack of research on the proliferative effect of TNC on human skin fibroblasts and its
role in promoting the formation of hypertrophic scars. This suggests that TNC expression may be related to the formation
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of hypertrophic scars. TNC can activate signaling pathways by binding to cell surface receptors, promote the expression
of collagen synthesis genes, and also bind to cell surface receptors to promote cell adhesion to the matrix, thereby
affecting cell function and metabolic activity, thereby affecting collagen production.?” In addition, TNC can affect the
synthesis of collagen by regulating the activity of fibroblasts. Research has shown that TNC may directly or indirectly
affect the transcription of collagen synthesis genes by regulating the activity or expression level of transcription factors,
thereby regulating collagen production. TNC can also activate specific signaling pathways, such as the MAPK signaling
pathway The PI3K/AKT signaling pathway affects the expression of intracellular related genes, thereby regulating
collagen production.?®

To further investigate the biological function of TNC in reducing fibrosis and its impact on hypertrophic scars, our
study employed cell experiments and a rabbit ear hypertrophic scar model. The findings revealed that the down-
regulation of TNC significantly enhanced the normal healing process of wounds, suppressed

group.
In terms of safety, none of the New Zealand white rabbits receiving loca,
significant side effects or death, indicating that local knockdown of TNC

microneedle therapy. However, these treatment methods have pro
effects and high recurrence rates.’® However, hypertrophic scar

¢ ways to improve the local administration

e patient comfort and compliance with treatment.
ular mechanisms involved.*" Our findings suggest that
flammatory response, positive regulation of cell prolifera-

development of hypertrophic scars.
as minimal effect on the proliferation and migration ability of human

This study is approved by the Clinical Research Committee of Shanghai 10th People’s Hospital and the Ethics
Committee of Shanghai 10th People’s Hospital (IRB No: SHSY-IEC-5.0/22K213/P01). Additionally, the study is
registered on Clinical-Trial.gov and the identifier number is ChiCTR2300069087. And obtained written informed consent
from each participant.
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