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Introduction: As a kind of human unique benign skin tumour, keloid has caused great trouble to the physical and mental health of
patients and is unfavourable for beautiful. The abnormal proliferation of fibroblasts is one of the main causes of keloid formation.
TET2 (Ten eleven translocation 2) catalyzes the oxidation of cytosine SmC to ShmC which process plays important role in cell
proliferation. However, the molecular mechanism of TET2 in keloids is not well-researched.

Methods: qPCR was used to detect the mRNA levels and Western blot was used to detect the protein level. DNA Dot blot was used to
detect the level of ShmC. CCKS8 was used to examine the cell proliferation rate. EDU/DAPI staining was used to evaluate the living
cells’ proliferation rate. DNA IP and PCR were used to detect the accumulation of DNA at the target site after ShmC enrichment.
Results: We found that TET2 was highly expressed in keloid tissue. Interestingly, TET2 expression was increased in fibroblasts that
were isolated and cultured in vitro compared to the tissue of origin. Knocking down TET2 expression can effectively decrease the
modification level of ShmC and inhibit the proliferation of fibroblasts. Notably, overexpression of DNMT3A inhibited fibroblast
proliferation by decreasing ShmC. The ShmC-IP assay showed that TET2 could affect the expression of TGFp by regulating the ShmC
modification level in the promoter region. And by this way, TET2 regulates the proliferation of fibroblasts.

Conclusion: This study found new epigenetic mechanisms for keloid formation.
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Introduction

Keloid is a benign fibroproliferative tumour of the skin that is unique to humans. It usually occurs after trauma and is
caused by abnormal wound healing.' Keloid formation in this pathological state is usually characterized by fibroblast
hyperplasia and abnormal deposition of collagen fibres.? Although keloids are benign tumours, they can cause defor-
mities and induce skin dysfunction by invading adjacent normal tissues.>* Keloid is often accompanied by severe pain,
pruritus, and even joint motor dysfunction, affecting the physical and mental health of patients. No treatment provides
satisfactory results due to the high rate of recurrence after keloid treatment. Therefore, it is particularly urgent to explore
the molecular mechanism of keloid formation and fibroblast dysplasia.

The TET (Ten eleven translocation) protein family has three members and is a kind of dioxygenase. TET2 can
catalyze the oxidation of cytosine SmC to ShmC.’ The methylation and demethylation processes of cytosine are closely
related to a variety of biological functions, such as embryonic stem cell development,® neurogenesis,” stem cell fate
determination,® etc. The occurrence and development of cancer are also accompanied by the demethylation of the
promoter and enhancer regions of proto-oncogenes.” Therefore, the abnormal expression of TETs and the abnormal
modification of ShmC has also become a new research hotspot of tumorigenesis.

The occurrence of keloid is largely caused by the abnormal proliferation of fibroblasts.” TGFp/Smad signalling pathway
plays an important role in the abnormal proliferation of fibroblasts and the occurrence of keloid.' Previous studies have shown
that turning on or off of this pathway greatly affects the proliferation and differentiation process of fibroblasts.'! For example,
LncRNA COLIA2-AS] can regulate the proliferation of fibroblasts by adsorbing miRNA-21."* Similarly, the knockdown of
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elF3A and NLRCS5 can also effectively increase the inhibitory state of the TGFB/Smad signalling pathway, thereby inhibiting the
proliferation of fibroblasts.'*'* All the proteins and RNAs mentioned above can be used as new therapeutic targets and drugs for
the research and development of therapeutic methods.

In this study, we found that the TET2 protein was highly expressed in keloid tissue. TET2 is involved in the
regulation of the TGFp signalling pathway by regulating the ShmC modification site and modification level. This study is
the first to investigate the molecular mechanism of keloid from epigenetics. Furthermore, this study provides a new idea
for the development of new therapeutic methods and drug research.

Materials

Tissue Samples

The keloid tissue samples were collected from 12 patients who underwent plastic surgery in the affiliated hospital of
Weifang Medical University between January 2018 and December 2020. At the same time, normal skin tissue was
obtained from 12 cases of circumcision. The age of all the patients are over 18. The study was approved by the affiliated
hospital of Weifang medical university and all the patients signed the informed consent before the study. All the research
procedures are conformed to the principle of the Declaration of Helsinki.'?

Isolation and Culture of Primary Fibroblasts

According to the previous literature, human keloid fibroblasts (HDFs) and human dermal fibroblasts (HKFs) were
isolated from the newly surgically resected keloid tissue and normal skin tissue by collagenase digestion method
(Pandamooz et al, 2012). Primary fibroblasts culture with DMEM/F12 (Gibco, USA) containing 10% fetal bovine
serum (FBS, Gibco, USA), penicillin and streptomycin (100 IU/mL) in 37 °C, 5% CO2 incubator. HDFS and HKFS
could be used for further experiments after 5 passages.

Transfection

Lipo2000 (Invitrogen, USA) was diluted with 500uL Opti-Mem (Gibco, USA) and incubated at room temperature for 10
min. The above-mentioned mixed droplets were added into the fibroblasts with a confluence rate of 70%. The medium
was replaced with a fresh medium after 24h. The sequence of ShTET2 is “CCTCAGAGATATTGTGGGTTT”.

Q-Pcr

lug total RNA was extracted from tissue or cell samples with Trizol (Invitrogen, USA), extracted with chloroform,
precipitated with isopropanol, and washed with ethanol. Let dry and dissolve in 200uL ddH20. Subsequently, cDNA was
reverse transcribed with a reverse transcription kit (Vizyme, China) and quantitative fluorescence detection was
performed with an SYBR Green kit (Vizyme, China).

Dot Blot

Cell or tissue samples were beaten and mixed with lysate and then lysed at 56°C for 16 h after adding Proteinase K, followed
by adding RNase A to remove RNA at 37°C. DNA was extracted with phenol: chloroform: isoamyl alcohol =25:24:1 and
dissolved with ddH20.

200 ng DNA was heated at 99°C for 10 min, and then quickly placed in an ice bath to cool for 10 min. DNA was dropped onto
PVDF membrane (Millipore, USA), dried at 80°C for 30 min, and incubated overnight with ShMC (Active motif, USA) primary
antibody. The second day was incubated with HRP-labeled secondary antibodies at room temperature for 1h, and the
chromatographic statistics were performed.

Western Blot

The cells or tissues were lysed in the ice bath with RIPA (Tiangen, China) for 30 min, and the supernatant was retained after
centrifugation at 12000 rpm for 30 min. After boiling the supernatant for 5 minutes, SDS-PAGE was performed with a total of
30pg protein. The protein was then transferred to the PVDF membrane at 90V. After the primary antibody was incubated

1064 "= Clinical, Cosmetic and Investigational Dermatology 2023:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Niu and Tan

overnight, the secondary antibody with an HRP label was incubated and the colour was developed. Primary antibodies: mouse
anti-TET2 antibody (Abcam, ab243323, Cambridge, MA, USA), Anti-GAPDH antibody (Abcam, ab125247, Cambridge,
MA, USA), Anti-TGF beta 1 antibody (Abcam, ab215715, Cambridge, MA, USA). Anti-5-hydroxymethylcytosine (5-hmC)
(Abcam, ab106918, Cambridge, MA, USA). Anti-5-methylcytosine (5-mC) (Abcam, ab10805, Cambridge, MA, USA).

Cck-8
Cells were seeded into 96-well plates with 3000 cells per well, and cultured for 36h with 100 uL CCK-8 solution

(Tiangen, China). It was incubated in an incubator at 37°C for 2h. Then the enzyme plate analyzer was used for detection.

5 - Ethynyl - 2 ‘- Deoxyuridine Staining

Cells were plated on cell culture slides, and 5-acetyl-2 ‘-deoxyuridine (EDU) was added after 24h of culture. After 6
hours of incubation, DNA Proliferation In Vitro Detection Kit (Ruibo Biological Technology, China) was used for
incubation. Then they were photographed and counted under a fluorescence microscope.

Immunoprecipitation (IP)

4ng of DNA was broken into about 400bp fragments by ultrasound. Spg of ShmC antibody (Active motif, USA) was
added and incubated overnight at 4°C. Add 30uL Protein A Beads to the mixture and incubate for 6h at 4°C. Wash the
Beads 3 times with IP Buffer, then elution the DNA and discard the beads. The eluted DNA was purified. Q-PCR was
used to detect the accumulation of DNA at the target site after ShmC enrichment.

Results
Tet2 is Highly Expressed in Keloid Tissue

We collected tissue samples from a total of 12 Keloid patients who had undergone plastic surgery in our hospital in the past two
years. After the consent of the patient, we detected the mRNA level of TET2 in keloid tissue and we found TET? is higher than that
in the normal tissue (Figure 1A). However, the expression differences between TET1 and TET3 were not significant, and their
expression levels were both lower than that of TET2 (Figure 1B). TETs promote the modification and oxidation of SmC to ShmC
and could be detected by dot blotting. Dot blotting results showed that the level of ShMC in keloid tissue is higher than in normal
skin. (Figure 1C and D). Considering TET?2 levels are higher in keloid tissue, ShMC level is positively correlated with TET2 in

skin tissue.

TET2 Expression Levels Increased in HDF and HKF Than in Their Isolated Tissues
We isolated human keloid fibroblasts (HKFs) and human dermal fibroblasts (HDFs) simultaneously. Q-PCR showed that the
TET2 mRNA level in HKFs was slightly higher than that in HDFs (Figure 2A). Interestingly, the expression level of TET2 in
HDFs cultured in vitro was higher than that in normal skin before isolation (Figure 2B—D). When we compared the expression
level of HKF with keloids, the difference was more significant. (Figure 2E—-G). Based on this phenomenon We hypothesized
that TET2 in HKF may be involved in the regulation of cell proliferation.

Low TET2 Expression Inhibits HKFs Proliferation

We constructed a TET2 knockdown plasmid named shTET2 and transfected it into HKFs. Figures 3A and B showed the
level of TET2 in HKFs after shTET2 was transfected. CCK-8 assay was used to detect the proliferation of the cells 48
hours after transfection (Figure 3C). The experimental results showed that the low expression of TET2 could decrease the
proliferation ability of HKFs (Figure 3D). Subsequently, we used EDU+/DAPI+ to evaluate the living cells’ proliferation
rate. EDU incorporation experiment also showed that the EDU+/DAPI+ in the TET2 knockdown group was about
35.87%, which was much lower than that in the control group (78.23%, Figure 3E and F).

Clinical, Cosmetic and Investigational Dermatology 2023:16 https: 1065
Dove:


https://www.dovepress.com
https://www.dovepress.com

Niu and Tan Dove

>
w

4n Fekd

4+ mEm Keloids
Ea Normal Skin

Relative TET2 mRNA levels
»
Relative mRNA levels
N

> 0
& TET1 TET2 TET3

0
100 200 ng s
Normal Skin & ® 2
&
(]
2
Keloids # . s
&

9

\9"“0 ‘a\o\b

& ¢

éo

Figure | TET2 is highly expressed in keloid tissue. (A and B) The mRNA level of TET|, TET2 and TET3 in normal skin and keloid tissue were detected by Q-PCR; (C) Dot
blot was used to detect the level of 5hmC in the normal and keloid tissue DNA. (D) Relative band intensity of picture C detected grey scanning. **p < 0.01, **p<0.001.

A B C D
12
s X L] £x Normal HDF 3
32 3 25 —— Skin 23
g 1.5 ; 20 £
£ € 15 TET2 “e—"t— % 2
1.0 =
E E 1.0 E‘
2 ¥ ; 0s GAPDH w1 1
'_3 0.0 ® 00 g
& HDF HKF E Normal Skin HDF =)
Kol Normal Skin HDF
4
E F G
(2] -
E Keloids HKF <
3 5 % %k % : 4
p 2
s 4 TET2 | S—— £ ,
E3 ‘g
e B
[=
g GAPDH e s o
Bo % 0
3 Keloids HKF g Keloids

Figure 2 TET2 is upregulated in the proliferation of HDFs and HKFs. (A) TET2 mRNA level in HDFs and HKFs. (B) mRNA level in normal skin and HDF. (C) The Protein
level in normal skin and HDF. (D) Relative band intensity of picture C detected grey scanning. (E) mRNA level in keloids and HKFs. (F) The Protein level in normal skin and
HDF. (G) Relative band intensity of picture C detected grey scanning. *p < 0.05, **p < 0.01, ***p<0.001.
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Figure 3 Low TET2 expression inhibits HKFs proliferation. (A) TET2 mRNA level detected by Q-PCR after knockdown level. (B) TET2 protein level detected by Western
blot after knockdown. (C) Relative band intensity of picture B detected grey scanning. (D) Proliferation rate of HKFs in the control group and shTET2 transfected group
which were detected by CCK-8. (E) Pictures of EDU incorporation assay and DAPI staining of the control group and shTET2 transfected HKFs. (F) Statistics of picture (E)
Fraction of EDU+ cells in DAPI+ cells of the control group and shTET2 group. The more of the values are, the more proliferation rate it stands for. **p < 0.01, **p<0.001.

Low DNA 5hmC Modification Inhibits HKFs Proliferation and Was Recovered by
TET2

We then knocked down the expressions of TET1 and TET3 respectively in HDFs (Figure 4A and B). However, no
significant reduction in proliferation was detected by CCKS8 (Figure 4C).

For checking the relation of Shme and TET2 in HKFs, TET2 was knocked down in the HKF. The level of ShmC in
the cells was significantly decreased (Figure 4D) and the level of SmC was increased (Figure 4E). Overexpression of
cytosine methylase DNMT3A (Figure 4F) in HKFs also resulted in the restricted proliferation of HKFs (Figure 4H)
detected by CCKS8 while increasing the level of SmC (Figure 4G). Furthermore, when we over-expressed TET2 and in
the DNMT3A over-expressed HKFs, the proliferation restriction was recovered (Figure 41 and J).

TET2 Regulates the 5hmC in the TGF3 Promoter Region

We also examined TGFp expression, which affects the proliferation ability of keloid cells. Q-PCR results showed that
TGEFp expression was inhibited when TET2 was knocked down, while other expressions were affected (Figure 5SA). We
then co-immunoprecipitated DNA with SmC and ShmC antibodies, respectively. The levels of methylation and hydro-
xymethylation in the —2000bp region of the TGFp transcription start site (TSS) were detected. Q-PCR results showed
that, after TET2 knockdown, the hydroxymethylation level of multiple sites in the TGF} promoter region was decreased
(Figure 5B). TGFf expression level in DNMT3A over-expressed level HKFs was similar to the control when knockdown
TET2 cells in it (Figure 5C and D). This proved that TET2 and DNMT3A regulate the TGFf levels by methylation and
hydroxymethylation at the TSS of TGFp.
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Figure 4 DNA 5hmC modification affects HKFS proliferation. (A and B) The mRNA expression levels of TET| and TET3 were detected by Q-PCR respectively in HKFs;
(C) The proliferation rate of HKFs after transfected by shTET| and shTET2. (D) 5mC levels on DNA were detected by Dot blot. (E) 5hmC levels on DNA were detected
by Dot blot. (F) DNMAT3A protein level in control and DNMAT3A overexpression group which were detected by Western blot; (G) 5mC levels on DNA in control HKFs
and DNMAT3A overexpression HKFs group which were detected by dot blot. (H) Proliferation rate of HKFs in the control group and DNMAT3A overexpression group
which were detected by CCK-8. (l) Pictures of EDU incorporation assay and DAPI staining of the control group and shTET2 transfected HKFs with overexpressing
DNMT3A. (J) Statistics of picture . Fraction of EDU+ cells in DAPI+ cells of the control group and shTET2 transfected HKFs with overexpress DNMT3A. The more of the
values are, the more proliferation rate it stands for. *p < 0.05, ***p<0.001.
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Figure 5 TET2 regulates the 5hmC in the TGFf promoter region. (A) The TGF mRNA level in HDFs after vector transfection 48h which was detected Q-PCR. (B) After
enrichment of 5hmC by co-immunoprecipitation, the target DNA residue was detected by Q-PCR. (C) The protein level of TGFf in the DNMT3A over-expressed strain
that was transfected with shTET2. (D) Relative band intensity of picture C detected grey scanning ***p<0.001.
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Discussion

As an important organ of the human body, the skin plays a wide role in protecting our health. However, when the skin
was injured deeply, the keloid would appear and will also be unfavourable for the beauty of patients. The development of
keloids is usually the result of the abnormal proliferation of fibroblasts after trauma or surgery.

In this study, 12 pairs of clinical samples were detected, and it was found that the expression level of TET2 was
significantly higher than that of control tissues. More interestingly, TET2 expression was significantly increased in HDFs
and HKFs when they were cultured in vitro. This strongly suggested that TET2 regulates keloid growth by the proliferation
of HKFs. Similarly, previous studies have also found that TET2 is involved in the occurrence of breast cancer,'® glioma17
and other cancers. Furthermore, TET2 affects tumour formation by regulating the proliferation process of cancer cells.

One of the main functions of TET?2 is to participate in the oxidation process of cytosine. When ShmC is enriched in the
promoter region of genes, it can promote gene expression by mediating the recognition and binding of transcription factors. In
order to further explore how TET2 regulates keloid growth, we detected the function of TET2 on HKFs proliferation. We also
regulated the expression of three TETs on HKF respectively. Interestingly, only TET2 knockdown significantly affected the
proliferation of HKFs. Previous studies have also found that in the same tissue or cell, three TETs have different ShmC
modification sites and also play different biological functions.'® That’s why only TET2 has functions on HKFs proliferation.
In order to verify the above conclusions, we also reduced the modification of ShmC by overexpressing DNMT3A in HKFs.
Proliferation experiments showed that both TET2 knockdown and DNMT3A overexpression affected the proliferation of
HKFs. This also suggests that TET2 can affect proliferation by regulating the ShmC modification of specific genes of HKFs.

After clearing the TET2 functions on the proliferation of HKFs, the next question is which gene would be the target
of TET2. There are over 70 pathways in cells responsible for proliferation and TGFB/Smad signalling pathway is the
main pathway affecting the abnormal proliferation of HDFs.'>** We found that low TET2 expression reduced TGFp
expression. The ShmC-IP assay showed that TET2 could affect the ShmC modification of the TGF promoter region.
These results proved that TET2 affected the expression of TGFf by regulating the oxidation process of cytosine in the
promoter region. Furthermore, it affects the proliferation of HDFs and the formation of keloids.

This is the first epigenetics study to explore the molecular mechanisms of TET2 regulating keloids. TET2 and ShmC
modifications may serve as a new target for the development of therapeutic and diagnostic methods for keloid. However,
this is a very preliminary work which still needs to be further explored. We need to further explore the further molecular
mechanisms that TET2 regulates TGFp expression, such as the binding of transcription factors and the activation of
genes, and even the structural changes of heterochromatin. Also, in this work, we only explored the regulation of TETs
on the TGFB/Smad signalling pathway. Other proliferation pathways also need to be explored. But, answering these
questions could lead to a variety of treatments for keloids.
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