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Abstract: Tet methylcytosine dioxygenase 2 (TET2) acts as an antioncogene that is investigated in different cancers. But

the effects of TET2 in renal cell cancer (RCC) is still known little. Here, quantitative real-time PCR (qRT-PCR), Western

blot, and immunofluorescence were performed to exam gene and protein expression. Cell proliferation was measured

using Cell Counting Kit-8 (CCK-8). Transwell assay was performed to detect cell metastasis viability. Flow cytometry

was performed to analyze the cell cycle and cell apoptosis. The effects of TET2 on RCC growth in vivo was analyzed

using a mouse xenograft model.We found that TET2 and miR-200c were decreased in RCC tissues, and

hypermethylation of miR-200c promoter was found. Overexpression of TET2 promoted miR-200c expression by

reducing miR-200c promoter methylation. Additionally, overexpression of TET2 or miR-200c suppressed cell growth

and metastasis. Also, knockdown of miR-200c could moderate TET2 mediated cell growth inhibition. Furthermore,

we found miR-200c directly regulates Stearoyl-CoA desaturase (SCD) gene expression. Moreover, in vivo experiment

results confirmed that TET2 inhibited tumor growth. In conclusion, TET2 acts as an antioncogene in RCC by

regulating the miR-200c-SCD axis and providing a potential target for RCC diagnosis and treatment.

Introduction

Kidney malignancy is a common cancer worldwide (Ferlay et
al., 2015). More than 90% of all kidney cancer cases were
diagnosed as renal cell cancer (RCC) (Kuthi et al., 2017).
With the development of therapeutic methods, the
treatment for RCC has been greatly improved over the past
decades (Zeng, 2018). However, more than 20% of RCC
patients with localized tumors were accompanied by local
recurrence or metastases (Capitanio and Montorsi, 2016).
Currently, the molecular mechanisms of RCC occurrence
and development are largely unknown. Thus, it is pressing
to investigate the molecular biological mechanisms of RCC
and progression and develop potential effective biomarkers
for RCC therapeutic and prognostic.

DNA methylation plays crucial roles in cancer
development through regulating gene expression (Arthur
et al., 2018; Hannon et al., 2018). The family of ten-eleven

translocation (TET) genes has been found to play large
influences in the epigenetic field (He et al., 2011; Koh et al.,
2011). TET2 is tet methylcytosine dioxygenase, which belongs
to the TET gene family, and TET2 enzymatic activity
converts 5-methylcytosine to 5-hydroxymethylcytosine,
resulting in activating demethylation and promoting gene
expression (Hashimoto et al., 2012). Previous studies have
found that TET2 protein played a critical role during
embryogenesis through epigenetic regulation of gene
expression (Dawlaty et al., 2013), tumor occurrence and
progression (Meisel et al., 2018; Zeng et al., 2019), somatic
cell reprogramming (Costa et al., 2013), and hematopoietic
cell differentiation (Ko et al., 2011; Pan et al., 2017). Recently,
Fraietta et al. (2018) found that dysregulation of TET2
enhances the efficacy of immunotherapy of chimeric antigen
receptor T cells (CAR-T). A recent study demonstrated that
TET2 is decreased in RCC tissues (Elgendy et al., 2019).
However, the mechanisms by which decreased TET2 leads to
the development and progression of human renal cell cancer
remain largely unknown.

Although TET2 was found decreased in human renal cell
cancer tissues, whether TET2 contributes to RCC progression
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is still not clear, and the molecular biological mechanisms of
TET2 in the regulation of human renal cell cancer remain
unknown. Wu et al. (2017) showed that all-trans retinoic acid
promotes a novel retinoid X receptor β (RARβ) interacted
with TET2 to epigenetically activate miR-200c expression and
further suppressed its target gene protein kinase Cζ (PKCζ)
expression. However, whether TET2 regulates miR-200c
expression by reducing the methylation level of the miR-200c
promoter is unknown. Here, we describe novel roles for
TET2 in inhibition of renal cell cancer tumorigenesis and
growth. Also, we confirmed that TET2 is decreased in RCC
tissues, and overexpression of TET2 suppressed 786-O and
ACHN cell growth and migration. Additionally, we also
found that overexpression of TET2 promoted miR-200c
demethylation, resulting in promoted miR-200c expression.

Stearoyl-CoA desaturase (SCD)-1 is an endoplasmic
reticulum-associated enzyme. Its enzymatic activity could
induce the conversion of saturated fatty acids (SFAs) to
monounsaturated fatty acids (MUFAs) (Enoch et al., 1976;
Dobrzyn et al., 2015). Suppression of SCD-1 has hence been
proposed as a great pharmaceutical target for anticancer
drug development (Tracz-Gaszewska and Dobrzyn, 2019).
SCD-1 level in cells is mainly regulated by a transcription
process. In the present study, we found that miR-200c
directly binds to the 3’-UTR of the SCD gene, and
knockdown of SCD expression or overexpression of miR-
200c could suppress cell growth and induce cell apoptosis.
According to the results, we demonstrate that TET acts as
an antioncogene in RCC by regulating the miR-200c-SCD
signaling pathway, providing a potential therapeutic target
for RCC treatment.

Materials and Methods
Tissue collection
36 renal cell cancer tissues were surgically obtained from
patients at Dongfang Hospital from October 2017 to May
2018. 36 patients (17 males and 19 females) with a mean age
of 48.7 years were collected without any chemoradiotherapy
before surgery. The clinicopathological features were
confirmed and recorded by two independent clinical
pathologists based on AJCC standards (Edge and Compton,
2010). All volunteers signed the informed consent, and the
study was approved by the Ethics Committee of Dongfang
Hospital, School of Medicine, Xiamen University.

Cell culture
The renal cell cancer cell lines 786-O and ACHN were
obtained from the National Science&Technology
Infrastructure (Shanghai, China). 786-O cells were cultured
in RPMI-1640 medium, and ACHN cells were maintained
in DMEM medium with 10% FBS in a humidified incubator
containing 5% CO2 at 37°C. All medium and FBS were
purchased from Gibco (Waltham, MA, USA).

Plasmid construction
The TET2 and SCD gene overexpression vector was amplified
from cDNA and cloned downstream of the pcDNA4.0 vector,
and the sequence was confirmed by DNA sequencing
(Sangon, Shanghai, China). The TET2 gene knockdown
vector was purchased from GenePharma (Shanghai, China).

The 3’-untranslated region (3’-UTR) of SCD gene
containing miR-200c binding sites was amplified and cloned
into the psi-CHECK2 vector, named SCD-3’UTR-WT.The
mutant 3’-UTR of SCD gene was generated using the TaKaRa
MutanBEST Kit (TaKaTa, China), which generated a mutation
in the predicted miR-200c target binding sites (from
CAGUAUU to GUCAUAA), identified as SCD-3’UTR-MUT.

Cell transfection
The miR-200c mimics, inhibitor, and negative control RNA
were purchased from Synbio Technologies (Suzhou, China).
10,000 cells per well were seeded and incubated at 37°C for
24 h in a 96-well plate; the cells were transfected with 100
nM RNAs or 20 ng plasmids using Lipofectamine 4000
(Invitrogen, USA). The transfection efficiency was
confirmed to be more than 80%.

Bisulfite Sequencing PCR (BSP)
Genomic DNA was extracted using the Universal Genomic
DNA Extraction Kit (Solarbio, Beijing, China) according to
the product manual. The genomic DNA was treated with
EpiTect Fast DNA Bisulfite Kit (Qiagen, Germany)
according to the manufacture’s guideline, and DNA was
collected for sequencing.

Quantitative real-time PCR (qRT-PCR)
Total RNA from RCC tissues and different RCC cells was
extracted using TriQuick Reagent (Solarbio, Beijing, China),
and Nanodrop 2000 was used to quantify the RNA
concentration. 2 μg of total RNA were used for reverse
transcription using One Step SuperRT-PCR Mix Kit
(Solarbio, Beijing, China). SYBR Green I (Solarbio, Beijing,
China) was used for qRT-PCR. Amplification and detection
were performed on Applied Biosystems 7500 Real-time PCR
Detection System (ABI, USA). GAPDH or U6 were used as
internal references to calculate the value of relative mRNA
or miRNA expression. The data were calculated using the
2−DDCt method.

Western blot
Total proteins were extracted and quantified using Nanodrop
2000. 20 μg of total proteins were separated in 10% SDS-
PAGE and electrophoretically transferred to polyvinylidene
difluoride membranes (Roche, Mannheim, Germany) using
eBlot™ L1 (Genscript, Nanjing, China), then the transfected
membranes were blocked and incubated with primary
antibody (anti-TET2 (Abcam, ab94580, 1:1000), anti-SCD
(Abcam, ab236868, 1:1500), anti-Nanog (Abcam, ab109250,
1:1000), anti-Caspase 3 (Abcam, ab13847, 1:800), and anti-
GAPDH (Abcam, ab9485, 1:2000)) at 37°C for 1 h. The
membranes were washed and incubated with HRP
conjugated secondary antibody (Abcam, ab6721 or ab6728,
1:5000) and visualized by chemiluminescence.

Dual-luciferase reporter assay
20 ng of wild type or mutant psi-CHECK2-SCD-3’UTR plasmids
and 100 nM miR-200c mimics or NC were firstly co-transfected
into 5 � 104 293T cells in 24-well plates. The treated cells were
cultured for 48 h, then luciferase activities were measured using
Dual-Lucy Assay Kit (Solarbio, Beijing, China).
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Cell proliferation assay
1 � 105 treated cells were seeded in a 96-well plate and
cultured for 24, 48, and 72 h. At each time point, cell
proliferation was determined using the CCK-8 (Solarbio,
Beijing, China) in accordance with the user guide.

Transwell assay
The in vitro cell metastasis ability was performed using the 24-
well transwell chambers (Corning, NY, USA). The details were
shown as previously described (Zhuang et al., 2017).

Flow cytometry
Cell cycle and cell apoptosis were analyzed with flow
cytometry using cell cycle staining kit and Annexin-V FITC/
PI apoptosis detection kit in accordance with the
manufacturer’s instruction. A FACScan (BD, Biosciences,
UK) was used for flow cytometry.

Hoechst33258 stain
The treated cells were fixed with 4%polyformaldehyde and
stained with 1 mg/mL of Hoechst33258 Stain solution
(Solarbio, Beijing, China). A fluorescence microscope
(Olympus Corporation, Japan) was used to observe the
morphology of cell nuclei and to take pictures.

Immunofluorescence (IF)
Cells were collected and fixed with 4%polyformaldehyde, then
cells were incubated with Anti-TET2 and anti-SCD primary
antibodies at 37°C for 1 h. After that, cells were incubated with
FITC tagged or Cy5 tagged secondary antibodies in dark for
1 h at 37°C. Afterwards, nuclei were counterstained with DAPI.

The xenograft model
Thirty BALB/c Nude mice (5 weeks old, male) were obtained
from Charles River (Beijing, China). The 786-O cells
transfected with shTET2 or pcDNA4.0-TET2 were digested
and collected and adjusted the cell density to 2.5 � 107

cells/mL, and 0.2 mL of 786-O cells was injected into the
right axilla of each nude mouse subcutaneously. After
injection, tumor formation was examined at different time
points. The mice were euthanized by intraperitoneal
injection with 300 mg/kg of 10% chloral hydrate, and then
euthanized by cervical dislocation on day 21, and the tumor
volume was calculated by the following formula: (L � W2)/2,
“L” means length, “W” means width.

Hematoxylin-eosin (H&E) staining
The tissues were fixed with a formaldehyde solution and
embedded in paraffin, and tissues were cut as 4-μm sections,
and slides were stained with hematoxylin and eosin. These
sections were examined under a light microscope at a
magnification of 200�.

Immunohistochemistry (IHC)
The fixed tissues were embedded in paraffin and cut with
4-μm sections and immunostained as previously described
(Jing et al., 2019). The slides were incubated with TET2
primary antibody (1:100) or Ki-67 primary antibody. Then,
the slides were incubated with HRP-conjugated secondary
antibodies. Hematoxylin was used to stain cell nuclei.

Images were collected at a magnification of 200 � under a
microscope (Olympus, Tokyo, Japan).

TUNEL assay
TUNEL method was performed to assess cell death using
a TUNEL Apoptosis Assay Kit (Solarbio, Beijing, China),
according to the user guide.

Statistical Analysis

All data are expressed as mean ± standard deviation. The
paired or unpaired Student’s t-test was performed to analyze
the difference between two groups, and one-way ANOVA
followed by Tukey’s post hoc test was used for multi-group
comparisons using software SPSS 20.0 (IBM Corp). p < 0.05
was considered statistical significance.

Results

TET2 is decreased in RCC tissues and positively correlated with
miR-200c expression
We firstly detected the TET2 expression levels in RCC tissues.
The results indicated that the expression of TET2 was
decreased in human RCC tissues (Figs. 1A–1C).
Furthermore, BSP and qRT-PCR results indicated that the
methylation level of miR-200c promoter significantly
increased and miR-200c significantly decreased in RCC
tissues (Figs. 1D and 1E). Moreover, the expression of TET2
levels was negatively associated with miR-200c promoter
methylation levels (Fig. 1F) and positively associated with
miR-200c expression (Fig. 1G), and miR-200c expression
levels were negatively associated with miR-200c promoter
methylation levels (Fig. 1H). Altogether, the results suggest
that downregulation of TET2 and miR-200c may be
contributed to the development of human renal cell cancer.

Overexpression of TET2 suppresses RCC cell growth and
knockdown of TET2 promotes RCC cell growth
To confirm TET2 suppresses RCC cell growth, TET2 was
manipulated in RCC cells after transfected with TET2
overexpression plasmids and knockdown plasmids
(Figs. S1). Furthermore, CCK-8 results indicated that
overexpression of TET2 suppressed RCC cell growth and
knockdown of TET2 promoted RCC cell growth (Fig. 2A),
and upregulation of TET2 decreased cell S phase and
increased G1 phase, and downregulation of TET2 decreased
cell G1 phase and increased S phase in RCC cells (Figs. 2B
and 2C). In addition, overexpression of TET2 induced RCC
cell apoptosis, and knockdown of TET2 reduced RCC cell
apoptosis (Fig. 2D). Moreover, we also measured the role of
TET2 on cell metastasis. Transwell assay results showed that
overexpression of TET2 inhibited RCC metastasis, and
knockdown of TET2 promoted RCC migration and invasion
(Fig. 3). Finally, Western blot and IF results showed that
overexpression of TET2 reduced SCD and Nanog protein
expression and induced caspase 3 expression, while
knockdown of TET2 induced SCD and Nanog protein
expression and reduced caspase 3 expression (Figs. S1 and
S2). Thus, the data suggested that TET2 could regulate the
cell cycle and cell apoptosis to moderate RCC cell growth.
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miR-200c suppresses RCC cell growth
Firstly, overexpression of TET2 could decrease the methylation
level of the miR-200c promoter and induce miR-200c
expression in RCC cells, while knockdown of TET2 could
induce the methylation level of the miR-200c promoter and
reduce the expression of miR-200c in RCC cells (Figs. 4A and
4B). Additionally, we manipulated the miR-200c expression
in RCC cells (Fig. 4C), and upregulation of miR-200c inhibited
RCC cell proliferation, and knockdown of miR-200c promoted
RCC cell proliferation (Fig. 4D) and flow cytometry results
showed that upregulation of miR-200c decreased cell S phase
and increased G1 phase, and downregulation of miR-200c
decreased cell G1 phase and increased S phase in RCC cells
(Figs. 4E and 4F). Moreover, apoptosis assay results indicated
that upregulation of miR-200c could promote RCC cell
apoptosis (Fig. 5) through regulating the expression of Nanog
and caspase 3 (Fig. S3). Finally, Transwell assay results showed
that upregulation of miR-200c inhibited RCC cell metastasis
(Fig. S4). Thus, our results suggested that TET2 might reduce
miR-200c promoter methylation to induce miR-200c

expression, and miR-200c could control cell cycle and cell
apoptosis to regulate RCC cell growth.

Knockdown of miR-200c ameliorated TET2 overexpression
mediated cell proliferation suppression and apoptosis promotion
Next, miR-200c was suppressed in pcDNA4.0-TET2
transfected RCC cells as showed by qRT-PCT (Fig. 6A).
And also, knockdown of miR-200c in pcDNA4.0-TET2
transfected RCC cells significantly decreased the suppression
effect of TET2 overexpression on SCD protein expression in
786-O and ACHN cells (Fig. S5). Furthermore, knockdown
of miR-200c in pcDNA4.0-TET2 transfected RCC cells
significantly decreased the suppression effect of TET2
overexpression on RCC cell proliferation and cell S phase
(Figs. 6B and 6C and Fig. S6A). Moreover, knockdown of
miR-200c in pcDNA4.0-TET2 transfected RCC cells
significantly decreased the promotion effect of TET2
overexpression on RCC cell apoptosis (Figs. 6D and 6E). In
addition, knockdown of miR-200c in pcDNA4.0-TET2
transfected RCC cells significantly decreased the suppression

FIGURE 1. TET2 is downregulated in RCC tissues and positively correlated with miR-200c.
(A, B)Western blot and qRT-PCR (C) results showed that TET2 was decreased in RCC tissues compared with adjacent normal renal tissues, N:
adjacent normal renal tissue, T: tumor tissue. (D) BSP results showed that the methylation level of miR-200c in RCC tissues was higher in RCC
tissues compared with adjacent normal renal tissues. (E) The expression of miR-200c was decreased in RCC tissues. (F) The expression of TET2
was negatively associated with miR-200c promoter methylation levels. (G) The expression of TET2 levels was positively associated with miR-
200c expression levels. (H) The expression of miR-200c was negatively associated with miR-200c promoter methylation levels.
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effect of TET2 overexpression on RCC cell migration and
invasion (Figs. 6F and 6G).

SCD is a target gene of miR-200c
Firstly, we found that upregulation of miR-200c suppressed
SCD mRNA and protein expression, while knockdown of
miR-200c promoted SCD expression (Figs. 7A–7C).
Additionally, TargetScan (www.targetscan.org) prediction
database predicted that miR-200c has a predictive target site
in SCD-3’-UTR (Fig. 7D). Dual-luciferase reporter assay
confirmed that SCD is one of the miR-200c targets (Fig. 7E).

Knockdown of SCD suppresses RCC cell growth
We first detected the expression of SCD in RCC cells after
transfected with SCD overexpression plasmids and
knockdown plasmids. We found that SCD was upregulated
after pcDNA4.0-SCD transfection and downregulated after
shSCD transfection (Fig. S7). Furthermore, knockdown of
SCD suppressed RCC cell growth, and overexpression of

SCD promoted RCC cell proliferation (Fig. 8A), and
apoptosis assay results showed that upregulation of SCD
increased cell S phase and decreased G1 phase and
downregulation of SCD increased cell G1 phase and
decreased S phase in RCC cells (Figs. 8B and 8C). In
addition, flow cytometry and Hoechst 33258 staining results
indicated that downregulation of SCD induced RCC cell
apoptosis and overexpression of SCD reduced RCC cell
apoptosis (Fig. 8D). Moreover, we also measured the role of
SCD on cell metastasis. Transwell assay results showed that
overexpression of SCD promoted RCC metastasis, and
knockdown of SCD inhibited RCC metastasis (Fig. 9).

Overexpression of SCD ameliorated the miR-200c mimics
mediated cell proliferation and metastasis inhibition, and
apoptosis promotion
Next, SCD was overexpressed in miR-200c mimics transfected
RCC cells (Fig. S8). Furthermore, overexpression of SCD
in miR-200c transfected RCC cells significantly decreased

FIGURE 2. Overexpression of TET2 suppresses RCC cell growth, and knockdown of TET2 promotes RCC cell growth.
(A) CCK-8 analyzed the effect of TET2 on RCC cell growth. (B, C) The effect of TET2 on cell cycle contribution. (D) Apoptosis analysis of
pcDNA4.0-TET2 or shTET2 transfected 786-O and ACHN cells. **p < 0.01.
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the inhibition effect of miR-200c on RCC cell growth and S
phase (Figs. 10A and 10B; Fig. S6B). Moreover,
overexpression of SCD in miR-200c mimics transfected
RCC cells significantly suppressed the promotion effect of
miR-200c on RCC cell apoptosis (Fig. 10C). In addition,
overexpression of SCD in miR-200c mimics transfected
RCC cells significantly decreased the suppression effect of

miR-200c overexpression on RCC cell migration and
invasion (Figs. 10D and 10E).

Overexpression of TET2 suppresses renal cell tumor growth
in vivo
To further confirm TET2 suppresses cell proliferation by
regulating miR-200c-SCD axis in RCC in vivo, we generated

FIGURE 3. Overexpression of TET2 suppresses RCC cell metastasis.
(A, B) Transwell assay results showed that overexpression of TET2 inhibited RCC migration and invasion, and knockdown of TET2 promoted
RCC migration and invasion, 200×. **p < 0.01.

FIGURE 4. Upregulation of miR-200c suppresses RCC cell growth.
(A) BSP analyzed the methylation level of the miR-200c promoter in RCC cells after transfected with pcDNA4.0-TET2 or shTET2. (B) qRT-
PCT analyzed miR-200c expression in RCC cells after pcDNA4.0-TET2 or shTET2 transfection. (C) qRT-PCT analyzed miR-200c expression
in RCC cells after mimics or inhibitor transfection. (D) CCK-8 analyzed the effect of miR-200c on RCC cell growth. (E, F) The effect of miR-
200c on cell cycle contribution. *p < 0.05; **p < 0.01.
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FIGURE 5. Overexpression of miR-200c induces RCC cell apoptosis.
Flow cytometry (A, B) and Hoechst33258 staining (C) method, 200×. **p < 0.01.

FIGURE 6. Knockdown of miR-200c ameliorated TET2 overexpression mediated cell proliferation suppression and apoptosis promotion.
(A) qRT-PCR analyzed the expression of miR-200c in pcDNA4.0-TET2 transfected RCC cells co-transfected with miR-200c inhibitor.
Knockdown of miR-200c in pcDNA4.0-TET2 transfected RCC cells significantly reduced the suppression effect of TET2 overexpression on
cell growth (B) and cell S phase (C). (D, E) Knockdown of miR-200c in pcDNA4.0-TET2 transfected RCC cells significantly reduced the
promotion effect of TET2 overexpression on cell apoptosis. (F, G) Knockdown of miR-200c in pcDNA4.0-TET2 transfected RCC cells
significantly reduced the suppression effect of TET2 overexpression on cell metastasis, 200×. *p < 0.05; **p < 0.01.
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five groups of 786-O cells, also transfected with (1)
transfection reagent (control group), (2) pcDNA4.0, (3)
pcDNA4.0-TET2, (4) shCTRL, (5) shTET2, and inoculated
these cells (5 � 106) into each nude mouse. In vivo
experiments results showed that the mice inoculated with
pcDNA4.0-TET2 cells had a smaller tumor size, while mice
inoculated with shTET2 cells had a larger tumor size (Figs.
11A and 11B) and TET2 was suppressed in the shTET2
group and upregulated in the pcDNA4.0-TET2 group (Figs.
11C–11E). Furthermore, the protein of SCD was increased
in the shTET2 group and decreased in the pcDNA4.0-TET2
group (Fig. 11E), and miR-200c was decreased in the
shTET2 group (Fig. 11D) Moreover, Ki-67 staining and
TUNEL results showed that overexpression of TET2
suppressed tumor growth and induced apoptosis, and
knockdown of TET2 promoted tumor growth and
suppressed apoptosis (Fig. S9). Together, results confirmed
that overexpression of TET2 suppresses renal cell tumor
growth in vivo.

Discussion

Increasing studies have been suggested that epigenetic
mediates miRNAs dysregulation play critical roles in
multifarious cellular processes (Weiss and Ito, 2017; Ortiz et
al., 2018), and also contributes to human diseases, including
cancer (Aure et al., 2013; Nojima et al., 2016; Zeng et al.,
2019b). Here, we found that the levels of TET2 and miR-
200c expression were significantly decreased in human RCC

tissues. In addition, overexpression of TET2 reduced the
methylation levels of the miR-200c promoter and promoted
miR-200c expression. Furthermore, overexpression of TET2
and miR-200c suppressed RCC cell growth, metastasis, and
promoted apoptosis, while knockdown of TET2 and miR-
200c promoted RCC cell proliferation, metastasis, and
reduced cell apoptosis. Moreover, overexpression of TET2
induced miR-200c expression through reducing miR-200c
promoter methylation level results in inhibiting renal cancer
growth in vivo.

MicroRNAs (miRNAs) are a group of small single-
stranded RNAs that involve various biological functions
(Bartel, 2004). miRNAs could regulate gene expression by
binding to the3’-UTR of target genes and either inducing
degradation or inhibiting translation of target mRNAs
(Calin and Croce, 2006). miR-200c is one of the miR-200
superfamily members and is involved in stemness (Cha et
al., 2017), epithelial-mesenchymal transition (EMT) (Title et
al., 2018), and chemoresistance in various cancer cells
(Fukuda et al., 2019). Increasing studies indicated that miR-
200 family members were involved in the progression of
cancers and among which, downregulated miR-200c was
found in RCC (Liu et al., 2010; White et al., 2011). Chang et
al. (2015) have proposed that miR-200c may be considered
as a potential biomarker for diagnoses and treatment of
renal cell cancer. Here, in our present study, we found the
expression of miR-200c was regulated by TET2, which
decreased miR-200c promoter methylation level.
Furthermore, upregulation of miR-200c inhibited RCC cell

FIGURE 7. SCD is a target gene of miR-200c.
qRT-PCR (A), Western blot (B), and IF (C) analyzed the expression of SCD in miR-200c mimics and inhibitor transfected 786-O and ACHN
cells, 200×. (D) TargetScan (www.targetscan.org) was predicted that miR-200c has one potential target site in SCD-3’-UTR. (E) miR-200c
suppressed the luciferase activities in the SCD-3-UTR-WT group. **p < 0.01.
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FIGURE 8. Knockdown of SCD suppresses RCC cell growth, and overexpression of SCD promotes RCC cell growth.
(A) CCK-8 analyzed the effect of SCD on RCC cell growth. (B, C) The effect of SCD on cell cycle contribution. (D) Apoptosis analysis of
pcDNA4.0-SCD or shSCD transfected RCC cells, 200×. *p < 0.05; **p < 0.01.

FIGURE 9. Knockdown of SCD suppresses RCC metastasis.
(A, B) Transwell assay results showed that overexpression of SCD promoted RCC migration and invasion, and knockdown of SCD inhibited
RCC migration and invasion, 200×. *p < 0.05; **p < 0.01.

TET2 MEDIATES MIR-200C-SCD AXIS IN RCC 607



growth and promoted cell apoptosis through regulating
SCD expression.

Stearoyl-CoA desaturase 1 (SCD1) has been found as a
lipid metabolism-related gene involved in human cancers
and plays as a potential oncogene (Sánchez-Martínez et al.,
2015; Cruz-Gil et al., 2018). SCD1 has been found
frequently overexpressed in human cancers. SCD1 inhibits
the AMPK signaling pathway, enhancers AKT signaling
pathway, and modulates lipid metabolism by reducing fatty
acid oxidation while fostering lipogenesis, thus contributing
to cancer cell growth (Tracz-Gaszewska and Dobrzyn,
2019). Down-regulation of SCD1 promoted cell apoptosis in

aldehyde dehydrogenase 1A1-positive cells and reversed
resistance to cisplatin of lung cancer stem cells in vivo
(Mancini et al., 2011; Pisanu et al., 2017). The biological
effects of SCD1 on fatty acid metabolism are mediated by
YAP/TAZ signaling, which in turn is regulated, at least in
part, by the autocrine activity of the β-catenin pathway
(Noto et al., 2017). Depending on the experimental model
used, SCD1 inhibitors have shown activity in distinct stages
of tumorigenesis by modulating EGF, ER stress, PI3K/AKT/
HIF2, and NF-kB pathways (Tracz-Gaszewska and Dobrzyn,
2019). In addition, ferroptosis and SCD1 metabolism share
common lipid mediators (Hassannia et al., 2019). Here, we

FIGURE 10. Upregulation of SCD ameliorated the miR-200c mimics-mediated cell growth inhibition.
(A, B) Upregulation of SCD in miR-200c transfected RCC cells significantly decreased the inhibition effect of miR-200c on cell growth and cell
S phase. (C) Upregulation of SCD in miR-200c mimics transfected RCC cells significantly reduced the promotion effect of miR-200c on RCC
cell apoptosis. (D, E) Transwell assay results showed that overexpression of SCD in miR-200c mimics transfected RCC cells significantly
decreased the suppression effect of miR-200c on cell metastasis, 200×. **p < 0.01.
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found that SCD was increased in human RCC tissues, and
SCD was downregulated in RCC cells after transfected with
miR-200c mimics. Also confirmed that miR-200c directly
binding to the SCD gene. Additionally, upregulation of SCD
suppressed RCC cell growth, metastasis, and promoted
apoptosis in vitro.

Conclusions

Taken together, our data indicated that TET2 and miR-200c
were decreased in RCC tissues, while the levels of SCD
expression were increased. Additionally, we confirmed that
upregulation of TET2 promoted miR-200c expression
through decreasing the methylation level of the miR-200c
promoter and also determined that miR-200c directly
regulates SCD. Furthermore, overexpression of TET2 and
miR-200c and downregulation of SCD could inhibit cell
growth and metastasis while promoting cell apoptosis. All
the results demonstrated that the TET2-miR-200c-SCD axis
may provide a potential target for renal cell cancer treatment.
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SUPPLEMENTARY FIGURES

FIGURE S2. IF analyzed the expression of SCD in different groups, 200�.

FIGURE S3. Western blot analyzed the expression of
Nanog and caspase 3 in different groups.

FIGURE S1. TET2 expression in RCC cells after transfected with TET2 overexpression and knockdown plasmids.
(A) TET2 mRNA was manipulated by TET2 overexpression and knockdown plasmids transfection. (B and D)Western blot measured different
protein expression in TET2 overexpression and knockdown plasmids transfected RCC cells. (C) IF results showed that the expression of TET2
was manipulated by TET2 overexpression and knockdown plasmids transfection, 200�. **p < 0.01.
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FIGURE S4. Transwell assay results showed that overexpression of miR-200c inhibited RCC cell metastasis, 200�. ** p < 0.01.

FIGURE S5. Western blot results showed that
downregulation of miR-200c in pcDNA4.0-TET2
transfected RCC cells significantly reduced the
suppression effect of TET2 overexpression on SCD
protein expression in RCC cells.

FIGURE S6. The cell cycle distribution has been
quantified in 786-O and ACHN cells.
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FIGURE S7. SCD expression in RCC cells after
transfected with SCD overexpression and knockdown
plasmids.
(A) SCD mRNA was manipulated by SCD
overexpression and knockdown plasmids
transfection. (B, C) SCD protein was manipulated by
SCD overexpression and knockdown plasmids
transfection, 200�. **p < 0.01.

FIGURE S8. SCD was overexpressed in miR-200c transfected RCC cells. **P< 0.01.
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FIGURE S9. Representative images of H&E, Ki-67, TUNEL, and IHC staining of TET2, 200�.
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