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TET?2 is involved in DNA hydroxymethylation,
cell proliferation and inflammatory response in keratinocytes
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Abstract. DNA methylation and hydroxymethylation are the
most common epigenetic modifications associated with the cell
cycle and the inflammatory response. The present study aimed
to investigate the role of 5-hydroxymethyl-cytosine (5-hmC)
and ten-eleven translocation-2 (TET2) in keratinocytes.
Following TET2 knockdown, dot blot analysis was performed
to assess the levels of 5-hmC in keratinocytes, using HaCaT
cells. Subsequently, the viability and cell cycle of HaCaT cells
were assessed by MTT, Cell Counting Kit-8 assay and flow
cytometric assays. Cyclin-dependent kinase inhibitor 2A and
proinflammatory cytokine protein and mRNA expression
levels were also detected. The present results suggested that
TET?2 may play an important role in regulating cellular prolif-
eration by mediating DNA hydroxymethylation in HaCaT
cells. In addition, TET2 knockdown decreased the production
of proinflammatory cytokines, including lipocalin 2, S100
calcium binding protein A7, matrix metallopeptidase 9, C-X-C
motif chemokine ligand 1, interferon regulatory factor 7 and
interleukin-7 receptor. The present study suggested that TET2
regulated cell viability, apoptosis and the expression of inflam-
matory mediators in keratinocytes. Collectively, the results
indicated that TET2 knockdown may relieve inflammatory
responses in the skin.
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Introduction

Epigenetic processes, including DNA methylation, histone
modification and non-coding RNA regulation, are inherit-
able changes that can affect gene expression without altering
the DNA sequence (1). In mammals, methylation at the
carbon 5 position of cytosine [5-methyl-cytosine (SmC)] is
the most common DNA modification, and it is involved in
various biological processes, including cell differentiation,
development and proliferation (2). 5SmC is associated with
the regulation of a number of pathophysiological processes
and states, including gene expression regulation, genomic
imprinting, X-chromosome inactivation, repression of
transposable elements, embryonic development and cell differ-
entiation (2-5).

The ten-eleven translocation (TET) family, which consists
of Fe(II)- and 2-oxoglutarate-dependent dioxygenases,
has attracted increasing attention due to its key role in the
reversal of DNA methylation (3). It has been reported that
TET proteins (TET1, TET2 and TET3) sequentially oxidize
5mC to 5-hydroxymethylcytosine (5-hmC), 5-formylcytosine
(5fC) and 5-carboxylcytosine (5caC) in DNA (2,6,7). Previous
studies have reported that 5fC and 5caC may be converted
into cytosine by a thymine-DNA glycosylase/base excision
repair-dependent pathway (8-10). In addition to mediating
the formation of 5-hmC, TET proteins are involved in gene
transcription repression via histone de-acetylation, which
represents a DNA methylation-independent epigenetic mecha-
nism (11).

Increasing evidence suggested that 5-hmC, which is regu-
lated by TET2, plays an important role in various diseases,
such as immune system disorders, hematopoietic diseases
and cancers (5,6,8). Li er al (12), reported a predominant
role for TET?2 in the differentiation of adult neural stem cells
by increasing the levels of 5-hmC. Sun er al (13), indicated
that inhibiting the TET?2 protein decreases the expression of
genes associated with cell death by mediating the formation
of 5-hmC, which aggravated ischemic damage in a rat model
of spinal cord injury. In addition, decreased 5-hmC levels are
associated with the progression and poor survival of numerous
malignancies, including melanoma, renal cell carcinoma, and
gastric and ovarian cancer (14).
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The skin provides the first line of defense against skin injury
and invading pathogens, and keratinocytes are the main active
cell type in the epidermis (15,16). Recent studies indicated that
keratinocytes actively regulate cutaneous immune reactions,
which may play a role in inflammatory diseases affecting the
skin, including psoriasis and atopic dermatitis (15,17). The
present study suggested that TET2 knockdown in HaCaT kera-
tinocytes promoted inflammation. Therefore, the effects of
TET?2 on epigenetic modifications and cellular functions were
investigated in the present study. The results of the present
study indicated that the TET2 protein-mediated formation
of 5-hmC increased the proportion of apoptotic cells and the
expression of inflammatory factors in HaCaT cells.

Materials and methods

Cell culture. The human keratinocyte HaCaT cell line (cat.
no. GDC106; China Center for Type Culture Collection) was
identified by STR profiling performed by Cobioer Biosciences
Co., Ltd. HaCaT cells were maintained in minimal essential
medium (HyClone; GE Healthcare Life Sciences) supple-
mented with 10% FBS (Gibco; Thermo Fisher Scientific, Inc.)
and 1% penicillin-streptomycin (HyClone; GE Healthcare
Life Sciences) at 37°C with 5% CO, in a humidified incu-
bator. The medium was replaced every 3 days. Keratinocytes
from generations 3 to 4 were used for subsequent experi-
ments. At 60-80% confluency, cells were transfected. For
small interfering (si)RNA transfection, HaCaT cells were
randomly divided into four groups: i) Negative control (NC)
group (transfected with control siRNA); ii) si-TET2-01 group
(transfected with a siRNA targeting TET2); iii) si-TET2-02
group (transfected with a second siRNA targeting TET?2),
and iv) si-TET2-03 group (transfected with a third siRNA
targeting TET2). For plasmid DNA transfection, HaCaT cells
were randomly divided into two groups: i) NC group (trans-
fected with the empty GV230 vector), and ii) TET2 group
(transfected with GV230 containing the coding sequence of
TET?2).

siRNA transfection. siRNAs were designed and obtained from
GuangzhouRiboBioCo.,Ltd. The sequences of the siRNAs were
as follows: si-TET2-01, 5'-CCAGAATAGTCGTGTGAGT-3;
si-TET2-02, 5'-GCTCTGAACGGTATTTAAA-3";
si-TET2-03, 5'-CGAGACTCATAATGTCCAA-3"; and NC
siRNA, 5'-UUCUCCGAACGUGUCACGU-3". TET2 and
control siRNAs (40 pmol/ml) were transfected into HaCaT
cells (5x10°/ml) using Lipofectamine® 3000 (Invitrogen;
Thermo Fisher Scientific, Inc.), according to the manufactur-
er's protocol. After 48 h, at 37°C in a humidified atmosphere
with 5% CO,, cells were collected and used for subsequent
experiments.

Plasmid DNA transfection. The TET2 coding sequence
was synthesized according to the NM_017628 transcript
and inserted into the GV230 plasmid (GeneChem, Inc.). At
70% confluency, HaCaT cells (5x10%/ml) were transfected with
the GV230 plasmids (1 xg/ml) using Lipofectamine 3000. The
empty GV230 vector was used as the negative control. After
48 h, at 37°C in a humidified atmosphere with 5% CO,, cells
were collected and used for subsequent experiments.
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Dot blot analysis. Genomic DNA from transfected HaCaT
cells was extracted using a DNeasy Blood and Tissue kit (cat.
no. 69504; Qiagen, Inc.), according to the manufacturer's
protocol. DNA concentration (50 ng/ul) was quantified using
a micro ultraviolet-visible spectrophotometer. DNA denatur-
ation was performed at 95°C for 10 min. Denatured DNA
samples were immediately placed in an ice water bath for
5 min. Subsequently, samples (2 ul) were spotted on a nylon
membrane and blocked with 5% skimmed milk for 1 h at room
temperature. The membranes were incubated with anti-5-hmC
primary antibody (cat. no. 39769; 1:10,000; Active Motif, Inc.)
overnight at 4°C. After washing, the membrane was incubated
with a horseradish peroxidase-conjugated secondary anti-
body (anti-rabbit IgG; 1:2,000; cat. no. 7074; Cell Signaling
Technology, Inc.) for 1 h at room temperature. Detection was
performed using a chemiluminescence kit (cat. no. G2014;
Wuhan Servicebio Technology Co., Ltd.).

Cell Counting Kit-8 (CCK-8) assay. HaCaT cells (5x10°/ml)
were cultured in 96-well plates and transfected with plasmid
or siRNA for 48 h at 37°C in a humidified atmosphere with
5% CO,. Cell viability was assessed using the CCK-8 kit
(cat. no. WC0037; Wuhan Servicebio Technology Co., Ltd.),
according to the manufacturer's protocol. CCK-8 solution was
added to each well and the plates were incubated for 1-4 h
at 37°C. The absorbance was measured at a wavelength of
450 nm using a microplate reader. The assay was performed
in triplicate.

MTT assay. HaCaT cells (5x10°/ml) were cultured in 96-well
plates and transfected with plasmid DNA or siRNA for 48 h at
37°C in a humidified atmosphere with 5% CO,. Cell viability
was measured using an MTT assay (cat. no. G4101; Wuhan
Servicebio Technology Co., Ltd.), according to the manufac-
turer's protocol. MTT solution was added to each well and
incubated for 4 h at 37°C in a humidified atmosphere with
5% CO,. Subsequently, the supernatant was removed and
DMSO was used to dissolve the purple formazan. The absor-
bance of each well was measured at a wavelength of 570 nm
using a microplate reader. Cell viability was calculated as the
ratio of absorbance at a wavelength of 570 nm between each
group and the control group.

Flow cytometric analysis. Following transfection, HaCaT
cells (5x10°/ml) were cultured for 48 h at 37°C in a humidified
atmosphere with 5% CO,. Subsequently, cells were trypsinized
(0.25% trypsin at 37°C for 3-5 min), harvested and washed
twice with cold PBS. To measure apoptosis, the FITC Annexin
V Apoptosis Detection kit (cat. no. 556547; BD Biosciences)
was used, according to the manufacturer's protocol. After
incubation for 15 min at room temperature, the samples were
analyzed by flow cytometry (BD™ LSR-II; BD Biosciences).
Data analysis was performed using FlowJo software (v10.5.3;
Becton, Dickinson and Company). The apoptotic rate was the
sum of the early and late apoptotic rates.

For the analysis of the cell cycle, cells were fixed in 70%
pre-cooled ethanol at 4°C overnight. Subsequently, the cells
were stained with propidium iodide (PI)/RNase staining
buffer (cat. no. 550825; BD Biosciences) for 15 min at room
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Figure 1. TET2 modulates the levels of 5-hmC in HaCaT cells. Protein levels of TET2 were (A) determined by western blotting and (B) quantified fol-
lowing transfection with three specific siRNAs. (C) mRNA expression levels of TET2 were analyzed by reverse transcription-quantitative PCR in HaCaT
cell transfected with si-TET2 or si-NC. Protein levels of TET2 were (D) determined by western blotting and (E) quantified following transfection with
TET2-overexpression plasmid or NC plasmid. (F) mRNA expression levels of TET2 following transfection with TET-2 overexpression plasmid or NC plasmid.
(G) Dot blot analyses for 5-hmC were performed following TET2 knockdown or overexpression in HaCaT cells. Data are presented as the mean + SD of three
independent experiments performed in triplicate. “P<0.01, “"P<0.001 vs. NC. TET2, ten-eleven translocation-2; 5-hmC, 5-hydroxymethylcytosine; si/siRNA,

small interfering RNA; NC, negative control.

temperature and analyzed using a FACScan flow cytometer
(Becton, Dickinson and Company), according to the manufac-
turer's instructions. Data analysis was performed using FlowJo
software (v10.5.3; Becton, Dickinson and Company).

Reverse transcription-quantitative PCR (RT-qPCR). Total
RNA was extracted from HaCaT cells using TRIzol® reagent
(cat. no. 15596-026; Invitrogen; Thermo Fisher Scientific,
Inc.), according to the manufacturer's protocol. RNA (1 ug)
was reverse transcribed into cDNA using the PrimeScript
RT Reagent kit (cat. no. RRO36A; Takara Biotechnology Co.,
Ltd.), according to the manufacturer's protocols. Subsequently,
qPCR was performed using a real-time PCR detection system
and TB Green® Premix Ex Taq™ (cat. no. RR420A; Takara
Biotechnology Co., Ltd.). The thermocycling conditions were:
Initial denaturation at 95°C for 10 min, followed by 40 cycles
of 95°C for 15 sec, 60°C for 1 min and 72°C for 3 min. The
primers used for gPCR are presented in Table SI. mRNA levels
were quantified using the 2224 method (18) and normalized
to GAPDH.

Western blotting. HaCaT cells were lysed using RIPA cell lysis
buffer (cat. no. PO013B; Beyotime Institute of Biotechnology),
and the supernatant was collected by centrifugation at
13,000 x g for 5 min at 4°C. Total protein was quantified using
a BCA protein assay kit (cat. no. G2026; Wuhan Servicebio
Technology Co., Ltd.). Equal amounts of protein (30 ug) were

separated by 10% SDS-PAGE and then transferred to PVDF
membranes. After blocking with 5% non-fat milk for 1 h at
room temperature, the membranes were incubated overnight
at 4°C with primary antibodies targeted against: GAPDH
(cat. no. 118; 1:1,000; Cell Signaling Technology, Inc.), TET2
(cat. no. ab94580; 1:1,000; Abcam), cyclin-dependent kinase
inhibitor 2A (P16™%4; cat. no. ab108349; 1:2,000; Abcam),
interferon regulatory factor 7 (IRF7; cat. no. 22392-1-AP;
1:2,000; ProteinTech Group, Inc.), S100 calcium binding
protein A7 (S100A7; cat. no. 13061-1-AP; 1:500; ProteinTech
Group, Inc.), matrix metallopeptidase 9 (MMP9; cat.
no. 10375-2-AP; 1:1,000; ProteinTech Group, Inc.), lipo-
calin 2 (LCN2; cat. no. 26991-1-AP; 1:1,000; ProteinTech
Group, Inc.), C-X-C motif chemokine ligand 1 (CXCLI;
cat. no. A5802; 1:1,000; ABclonal Biotech Co., Ltd.) and
interleukin-7 receptor (IL7R; cat. no. 17626-1-AP; 1:2,000;
ProteinTech Group, Inc.). Subsequently, the membranes were
incubated for 1 h at room temperature with corresponding
horseradish peroxidase-conjugated secondary antibodies
(anti-rabbit or anti-mouse IgG; cat. nos. 7074 and 7076;
1:2,000; Cell Signaling Technology, Inc.). Protein bands
were visualized using an ECL kit (cat. no. G2014; Wuhan
Servicebio Technology Co., Ltd.) and GelCapture (v7.0; DNR
Bio-Imaging Systems, Inc.), according to the manufacturer's
instructions. Protein expression was quantified using Imagel
software (v1.8.0; National Institutes of Health) with GAPDH
as the loading control.
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Figure 2. TET2 knockdown or overexpression affects the viability of HaCaT cells. Cell viability was measured using an MTT assay following (A) TET2
knockdown or (B) overexpression in HaCaT cells. Cell viability was calculated as the ratio of absorbance at a wavelength of 570 nm between each group and the
control group. Cell viability was also determined using the Cell Counting Kit-8 assay following (C) TET2 knockdown or (D) overexpression in HaCaT cells.
Data are presented as the mean + SD of three independent experiments performed in triplicate. "P<0.05, “P<0.01, ““P<0.001 vs. NC group. TET2, ten-eleven
translocation-2; NC, negative control; OD, optical density; si, small interfering RNA.

Statistical analysis. Data are presented as the mean + SD.
Statistical analyses were performed using GraphPad Prism
software (v6.0; GraphPad Software, Inc.). Comparisons
between data containing 2 groups were performed using an
unpaired two-tailed Student's t-test. Comparisons between data
containing >2 groups were performed using one-way ANOVA
followed by Tukey's post hoc test. P<0.05 was considered to
indicate a statistically significant difference.

Results

Effect of TET2 on the level of 5-hmC in HaCaT cells. To inves-
tigate whether the levels of genomic 5-hmC are associated with
TET?2 protein levels in HaCaT cells, three siRNAs targeting
TET?2 were designed. TET2 knockdown efficiency was evalu-
ated by western blotting (Fig. 1A and B). Compared with the
control group, two siRNAs targeting TET2 significantly
decreased TET2 mRNA expression; siRNA-TET2-02 was the
most efficient in reducing TET2 mRNA and protein expres-
sion (Fig. 1A-C). Therefore, siRNA-TET2-02 was selected
for further experiments. Subsequently, TET2 overexpression
was performed, and transduction efficiency was confirmed by
western blotting and RT-qPCR (Fig. 1D-F). Previous studies
have reported that members of the TET family are able to
reverse DNA methylation patterns by converting 5-mC into
5-hmC (2,6,7). Therefore, a dot blot analysis was performed to
test the levels of 5-hmC following TET?2 overexpression. The
results suggested that 5-hmC expression was notably altered
following TET2 knockdown or overexpression, compared with
the control group (Fig. 1G).

Effect of TET2 on HaCaT cell viability and apoptosis. The
viability of HaCaT cells following TET2 knockdown or over-
expression was measured. The MTT assay results suggested
that si-TET2 significantly increased HaCaT cell viability
(Fig. 2A) and TET?2 overexpression significantly decreased
HaCaT cell viability (Fig. 2B). In addition, the CCK-8 assay
was performed to further examine cell viability, and the
results were consistent with the MTT assay (Fig. 2C and D).
To examine the effects of TET2 protein on HaCaT cell apop-
tosis, a quantitative analysis of cell apoptosis was performed
by Annexin V-PI staining. The results indicated that the
proportion of apoptotic cells was significantly decreased in

HaCaT cells transfected with si-TET2 compared with the
control group (Fig. 3A and B), whereas TET?2 overexpression
significantly increased the proportion of apoptotic HaCaT
cells (Fig. 3C and D). The results suggested that TET2 may
play an important role in regulating HaCaT cell proliferation.

Effect of TET2 on the cell cycle in HaCaT cells. To further
investigate the effects of TET2 protein on HaCaT cell prolif-
eration, flow cytometric analyses were conducted to assess the
cell cycle profile. Following TET2 knockdown, a significantly
decreased proportion of cells was observed in the GO/G1
phase, and a significantly increased proportion of cells was
observed in the S and G2/M phases, compared with the control
group (Fig. 4A and B). By contrast, TET2 overexpression
displayed the opposite effect on the cell cycle in HaCaT cells
(Fig. 4C and D). To further examine the effects of TET2 on
the cell cycle, P16™%4 protein and mRNA expression levels
were detected by western blotting and RT-qPCR, respectively.
Compared with the control group, TET2 knockdown signifi-
cantly decreased the protein and mRNA expression levels of
P16™%4 (Fig. 4E-G); however, TET2 overexpression increased
P16™K4 protein expression compared with the control group
(Fig. 4H and I). mRNA expression levels of P16™k* were
increased in HaCaT cells following TET?2 overexpression, but
the difference was not statistically significant (Fig. 4]). The
results indicated that TET2 may inhibit HaCaT cell prolifera-
tion by regulating cell cycle-related proteins, such as P16™X42,

Effect of TET2 on the expression levels of proinflammatory
cytokines in HaCaT cells. It has been reported that epigen-
etic modifications may influence inflammatory mediators in
chronic inflammatory diseases, including psoriasis (19). Our
previous integrated bioinformatics analysis identified various
hub genes that were methylated in psoriatic tissues, including
LCN2, S100A7, MMP9, CXCL1, IRF7 and IL7R (20). To
further investigate the function of TET2 during the inflam-
matory response in HaCaT cells, the expression levels of the
aforementioned proinflammatory cytokines were investigated
by RT-qPCR and western blotting (Fig. SA-N). The expression
of various inflammation-related cytokines was significantly
decreased in the si-TET2 group compared with control group
(Fig. 5A-F, M and N). TET2 overexpression significantly
increased the expression of inflammation-related cytokines
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Figure 3. Alterations to the proportion of apoptotic HaCaT cells in response to TET2 knockdown or overexpression. Proportion of apoptotic cells was
(A) determined by flow cytometry and (B) quantified following TET2 knockdown in HaCaT cells. Proportion of apoptotic cells was (C) determined by flow
cytometry and (D) quantified following TET2 overexpression in HaCaT cells. Data are presented as the mean + SD of three independent experiments per-
formed in triplicate. "P<0.05, “P<0.01 vs. NC group. TET2, ten-eleven translocation-2; NC, negative control; PI, propidium iodide; si, small interfering RNA.

compared with the control group (Fig. 5G-L). The results
suggested that TET2 acted as a transcriptional regulator of the
proinflammatory response in HaCaT cells.

Discussion

The epigenetic activity of TET2 in a number of hematologic
malignancies, and metabolic and autoimmune diseases has
been investigated (21-23). However, the role of TET?2 in skin
disease remains unclear. Our previous study reported that
5-hmC and TET?2 levels were increased in epidermal keratino-
cytes in psoriasiform dermatitis (24). To further investigate the
function of TET2 in inflammatory skin diseases, the present
study performed experiments using the keratinocyte HaCaT
cell line. Cell apoptosis, cell cycle and proinflammatory cyto-
kine expression were detected following TET2 knockdown
or overexpression in HaCaT cells. The results suggested that
TET?2 expression was positively associated with 5-hmC levels
and the proportion of apoptotic cells, but negatively associated
with cell viability and cell cycle progression. Furthermore,
TET?2 knockdown in HaCaT cells decreased the expression of
several proinflammatory cytokines, including LCN2, S100A7,
MMP9, CXCLI1, IRF7 and IL7R. The data indicated that
TET?2 epigenetically regulated the expression of inflammatory
factors in keratinocytes.

DNA methylation, the most common epigenetic regulation,
is partly controlled by DNA methyltransferases (DNMTs),
including DNMT1 and DNMT3A/3B (23,25). The levels and
patterns of DNA methylation are regulated by two contrasting
processes, methylation and demethylation, which have an

essential role in gene expression regulation (2). Since the crystal
structure of TET2 and the SmC-DNA complex were reported,
knowledge of the mechanisms underlying TET-mediated
demethylation has gradually improved (4,9). 5-hmC is an
important intermediate product of DNA demethylation, which
is downregulated following TET2 knockdown (3,5,7,26). Dot
blot analysis indicated that TET2 knockdown or overexpression
decreased or increased 5-hmC expression levels, respectively.
The results of the present study were in line with previous
studies (5,7), thus suggesting that DNA hydroxymethylation
patterns in HaCaT cells are regulated by TET?2.

TET?2 affects cellular proliferation and cell cycle progres-
sion in various cell lines, such as CD4*T and Hela cells, in
other conditions, including autoimmune diseases and develop-
ment (5,27-30). However, the precise mechanism underlying
TET?2 in HaCaT cells remains unclear. The results suggested
that HaCaT viability was increased following TET2 knockdown
and the proportion of apoptotic cells decreased. Conversely,
TET?2 overexpression induced opposing effects. The results
suggested that TET2 may be involved in regulating HaCaT
cell proliferation. Furthermore, the flow cytometric analysis
indicated that TET2 regulated cell proliferation by inducing
cell cycle arrest at the GO/G1 phase. Similar results have been
reported in two TET?2 inducible cell lines (Ba/F3-EPOR
and UT7) (30). A limitation of the present study was that
cell proliferation was not analyzed using direct assays, for
example 5-bromo-2-deoxyuridine (BrdU) labeling. However,
Prikrylova et al (27) reported that TET2-induced 5-hmC
expression was inversely proportional to the proportion of
apoptotic cells in HeLa cell lines using the BrdU assay, which
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Figure 4. TET2 expression alters the expression of the cell cycle-associated protein P16™%** in HaCaT cells. Cell cycle profile of HaCaT cells transfected
with si-TET2 was (A) determined by flow cytometry and (B) quantified. Cell cycle profile of HaCaT cells transfected with TET2-overexpression plasmid
was (C) determined by flow cytometry and (D) quantified. P16™%** protein levels were (E) determined by western blotting and (F) quantified following
TET2 knockdown in HaCaT cells. (G) P16™%* mRNA levels following TET2 knockdown in HaCaT cells were determined by RT-qPCR. P16™%** protein
levels were (H) determined by flow cytometry and (I) quantified following TET2 overexpression in HaCaT cells. (J) P16'™¥%** mRNA levels following TET2
overexpression in HaCaT cells were determined by RT-qPCR. Data are presented as the mean + SD of three independent experiments performed in triplicate.
“P<0.05, P<0.01 vs. NC group. TET2, ten-eleven translocation-2; P16™%% cyclin-dependent kinase inhibitor 2A; si, small interfering RNA; RT-qPCR, reverse
transcription-quantitative PCR; NC, negative control; PI, propidium iodide; ns, not significant.
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Figure 5. TET2 regulates the expression levels of proinflammatory cytokines at the mRNA and protein level in HaCaT cells. RT-qPCR was performed to
determine the mRNA expression levels of (A) LCN2, (B) S1I00A7, (C) MMP9, (D) CXCL1, (E) IRF7 and (F) IL7R following TET2 knockdown in HaCaT cells.
RT-qPCR was performed to determine the mRNA expression levels of (G) LCN2, (H) SI00A7, (I) MMP9, (J) CXCL1, (K) IRF7 and (L) IL7R following TET2
overexpression in HaCaT cells. Protein levels of proinflammatory cytokines were (M) determined by western blotting and (N) quantified following TET2
knockdown in HaCaT cells. Data are presented as the mean = SD of three independent experiments performed in triplicate. “P<0.05, “P<0.01, ““P<0.001 vs.
NC group. TET2, ten-eleven transloation-2; RT-qPCR, reverse transcription-quantitative PCR; LCN2, lipocalin 2; SI00A7, S100 calcium binding protein A7;
MMP9, matrix metallopeptidase 9; CXCLI1, C-X-C motif chemokine ligand 1; IRF7, interferon regulatory factor 7; IL7R, interleukin-7 receptor; NC, negative
control; si, small interfering RNA.

is in line with the results of the present study. Collectively, mechanism, whether TET2-induced cell cycle arrest was
the results suggested that TET2 may influence cell cycle arrest  mediated by the cell cycle-associated protein P16™%4 an
and cell proliferation. To further investigate the underlying inhibitor of cyclin-dependent kinase 4 (31), was investigated.
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It has been reported that P16™ affects cell proliferation and
differentiation by negatively regulating the cell cycle (32).
Recently, several studies have reported that TET2 regulates
cell cycle-associated proteins in neural and trophoblast stem
cells (28,29). In line with these previous studies, the results
of the present study suggested that the increase in P16™K
expression was mediated by TET2 overexpression, and
si-TET2 decreased the level of P16™%* expression. The results
indicated that P16™%4 ypregulation was decreased following
TET2 knockdown.

Epigenetic factors are involved in various chronic inflam-
matory diseases, including type 2 diabetes, Alzheimer's disease
and inflammatory bowel diseases (19,33). DNA methylation
and hydroxymethylation may be involved in inflammation by
altering the homeostasis of various inflammatory mediators,
such as interleukin (IL)-6, TNF receptor associated factor 6 and
IL-23 (19). Lagos et al (34), reported that DNA methylation and
hydroxymethylation were associated with glandular inflam-
mation and dysfunction, which might be a novel target for the
treatment of Sjogren's syndrome. Wang et al (35), revealed that
TET2 knockdown by siRNAs not only affected the level of
MyD88 innate immune signal transduction adaptor hydroxy-
methylation, but also inhibited lipopolysaccharide-induced
inflammation in human dental pulp cells. Our previous study
suggested that TET2 modulates the expression of proinflamma-
tory cytokines in a mouse model of psoriasiform dermatitis (24).
In the present study, the effects of DNA demethylation on
inflammatory factors were examined in vitro. The results of the
present study suggested that the expression levels of proinflam-
matory mediators, including LCN2, SI00A7, MMP9, CXCL1,
IRF7 and IL7R, may be positively associated with the level of
DNA hydroxymethylation. Therefore, the results suggested that
epigenetic changes may affect the progression of inflammatory
skin diseases. The present study investigated the mechanism
underlying TET?2 in HaCaT cells; however, characterization of
the hydroxymethylation pattern of specific genes in keratino-
cytes requires further investigation.

The present study investigated the potential role and mech-
anism underlying the effect of TET2 on cell proliferation and
expression levels of various inflammation mediators in HaCaT
cells. The results indicated that the regulation of the cell cycle
and expression of proinflammatory cytokines was mediated
by DNA hydroxymethylation. Further investigation is required
to assess whether TET2 protein plays an important role in the
pathogenesis of inflammatory skin diseases.
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