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Abstract: Background: N-methyladenosine (m°®A) is one of the most common RNA modifications in eukaryotes and
has effects on RNA structure and stability. Recent studies have shown that m®A methylation is involved in human
carcinogenesis. In the present study, we investigated the effects of m°A demethylases FTO and ALKBH5 on renal cell
carcinoma (RCC) cell lines. Methods: The epithelial-mesenchymal in vitro knockdowns of FTO and ALKBH5 induced
by antisense oligonucleotides (LNA-GapmeR system) were established in RCC cell lines. Their effects on migration
and proliferation were investigated subsequently. The influence of FTO and ALKBH5 knockdown on key epithelial-
mesenchymal transition (EMT) genes was analyzed. Results: Inactivation of FTO and ALKBH5 resulted in decreased
proliferation and motility in all cell lines examined (ACHN, Caki-1, 769-P). Vimentin (VIM) was downregulated after
the knockdown of FTO and ALKBH5, indicating an EMT switch. Conclusions: Knockdown of the m°A erasers FTO and
ALKBHS5 inhibits the malignant potential in the cell cultures studied by means of an EMT switch.
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Introduction

Renal cell carcinoma (RCC) accounts for
approximately 3% of all adult cancers and 2%
of cancer-related deaths [1, 2]. The prognosis
of patients with locally advanced or metastatic
RCC is poor. The 5-year survival rate of patients
with metastatic RCC is approximately 5% [1, 2].
Modern pharmacotherapy of RCC with tyrosi-
ne kinase inhibitors, anti-VEGF antibodies, or
checkpoint immunotherapy has only moderate-
ly improved patient survival. Complete remis-
sion rates of 17% and median overall survival
of 40 months are described [3, 4].

RNA methylation was first described in the
1970s. m®A methylation is a dynamic, revers-
ible modification involved in many physiologic
processes of eukaryotic cells, such as mRNA
localization, translational inhibition or activa-
tion, and miRNA processing [5]. M®A methyla-
tion affects several important biologic process-
es, such as tissue development, sex selection,

and DNA damage response [6-8]. M®A methyla-
tion involves the binding, recognition, and
removal of methyl groups from RNA molecules
that act as binding proteins, reading proteins,
and deletion proteins, respectively [6-8]. If this
process is disrupted, abnormal gene expres-
sion can occur, leading to a variety of cancers
such as leukemia, lung cancer, pancreatic can-
cer, glioblastoma, and breast cancer [9]. M°A
methylation is regulated by enzymes that insert
and remove these methylations and are referr-
ed to as methylation “writers” and “erasers”,
respectively. The corresponding localization
and activity of these enzymes on chromatin are
regulated by chromatin “readers”, protein mod-
ules that recognize histone and DNA modifica-
tions [10, 11]. To date, only two erasers, fat
mass and obesity-associated protein (FTO) and
AIKBH5 (AIkB family homolog 5), have been dis-
covered [12, 13]. FTO regulates adipogenesis
and energy homeostasis [12]. ALKBH5 affects
RNA nuclear export and metabolism as well as
gene expression [13]. FTO and ALKBH5 are
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involved in the carcinogenesis of various tu-
mors [14-16]. Little is known about the role of
FTO and ALKBHS in the genesis of renal cell
carcinoma. Strick et al [17] demonstrated that
ALKBH5 and FTO are prognostic biomarkers in
ccRCC patients, but the functional role of these
genes has not been investigated. Epithelial-
mesenchymal transition (EMT) is a biologic pro-
cess in which polarized epithelial cells lose
their adhesive properties and adopt a mesen-
chymal cell phenotype [18]. This process is
involved not only in normal embryonic develop-
ment and tissue repair but is also closely relat-
ed to the invasion and migration ability of carci-
nomas. In malignant tumors, EMT is a key pro-
cess for migration, invasion, metastasis, angio-
genesis, and tumorigenicity [18]. It is important
to elucidate the regulatory mechanisms of EMT.
By understanding these processes, drug thera-
pies can be derived. This could be done by
inhibiting tumor cell migration [18].

This study aims to investigate the effects of the
knockdown of FTO and ALKBH5 in renal cancer
cell lines and to explore the associated mecha-
nisms during EMT and cell proliferation.

Materials and methods

Database analysis and RNAseq expression
data

The expression values of FTO and ALKBH5
were obtained from The Cancer Genome Atlas
(TCGA; https://cancergenome.nih.gov) and the
cBioPortal for Cancer Genomics (https://www.
cbioportal.org/) [19, 20]. The log2-transformed
RNAseq V2 expression data of ALKBH5 and
FTO were compared in the available tumor enti-
ties via the cBioportal for Cancer Genomics.
Data were processed and normalized using the
RSEM method [19, 20].

Cell culture and transfection

The renal carcinoma cell lines ACHN and 769P
were purchased from the American Type
Culture Collection (Manassas, VA, USA); Caki-1
was purchased from the Deutsche Sammlung
von Mikroorganismen und Zellkulturen (Braun-
schweig, Germany). The cells were cultivated
with  RPMI Medium 1640 including 5% L-
glutamine, 1% penicillin, and 10% fetal bovine
serum (all: Gibco, Gaithersburg, MD, USA) at
37°C and 5% CO,. Cells were seeded in G-well
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plates (2 x 10° cells/well). After 24 hours, the
cells were transfected with antisense LNA
GapmeRs against ALKBH5 or FTO; GapmeRs
were designed and synthesized by Qiagen
(Hilden, Germany); see Table S1. GapmeRs
were labeled with 5-FAM. Successful transfec-
tion was confirmed by fluorescence microscopy
after transfection. Transfection was carried out
with 10 ul GapmeR, 10 pl FUGENE HD transfec-
tion reagent (Promega Mannheim, Germany),
and 1980 pl cell culture media. The experi-
ments included an untreated, a negative con-
trol GapmeR and a GapmeR against GAPDH. All
experiments were carried out in triplicate.

Quantitative real-time polymerase chain reac-
tion (QRT-PCR)

The Total RNA Purification Mini Spin Kit
(Genaxxon, Ulm, Germany) was used to isolate
total RNA according to the manufacturer’s
recommendation. Reverse transcription was
performed with 1 ug of total RNA using the
PrimeScript RT Reagent Kit with gDNA Eraser
(Takara Bio, Tokyo, Japan). The expression lev-
els of FTO and ALKBH5 were determined using
a QuantStudio5 (Applied Biosystems, Waltham,
MA, USA) real-time PCR cycler. cDNAs were
amplified using SYBR Green Real-time PCR
Master Mix (Takara Bio) and 0.4 pl (10 pmol/ul)
of each primer pair. Amplification was per-
formed according to the following protocol: Hot
start at 95°C for 30 s, followed by 35 cycles
(denaturation at 95°C for 5 s, extension at
60°C for 30 s, preheating at 79°C for 30 s), and
concluded with melting curve analysis. All
experiments were performed in triplicate on a
384-well plate. Relative expression values were
calculated using QuantStudio Design & Analysis
software V1.5.1 (Thermo Fisher Scientific,
Carlsbad, CA, USA), and expression values
were normalized to ACTB expression. Primer
sequences are listed in Table S2.

Western blotting

Cell lysates (20 L) were resolved by SDS-PAGE
gel. The separated protein was transferred to
the Nitrocellulose membranes (Thermo Fisher
Scientific) and subjected to immunoblotting
overnight at 4°C (see Table S3 for antibodies).
Afterward, incubation with corresponding sec-
ondary antibodies (see Table S3) was per-
formed at room temperature for 1 h. After
washing with Tris-buffered saline containing
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0.1% Tween 20, the blot was developed with
WesternBright-ECL-Spray  (Advansta, Menlo
Park, CA, USA) and images were archived on a
Fujifilm LAS-3000 (Fujifilm, Tokyo, Japan) digi-
tal photography system.

Cell viability assay

The EZAU assay (Biomedica, Aschaffenburg,
Germany) was used to determine cell viability
according to the manufacturer’s recommenda-
tions. Absorbance was measured at 450 nm
with 620 nm as reference using a photometer
(Spectra lll; Tecan, Crailsheim, Germany) after
3 hours of incubation at 37°C. The cell growth
rate was calculated according to the following
formula: Cell growth rate (%) = absorbance of
the GapmeR group/absorbance of the negative
control group x 100%. The cell growth rate of
the negative control group was set to 1 (100%).
Each cell group included four samples and
each experiment was repeated three times.
The significance of the treatment was calculat-
ed by a ttest using the mean and standard
deviation of the growth rate.

Cell migration assay

We used 24-well plates with Falcon Cell Culture
Inserts (Thermo Fisher Scientific) for cell migra-
tion experiments. Approximately 5 x 10* trans-
fected cells were added to the top of the insert
and 300 pl of RPMI Medium 1640 (2% FBS)
was added to the specimen. 700 pl of RPMI
medium 1640 (20% FBS) was added to the bot-
tom wells to stimulate migration. The cells were
incubated at 37°C and 5% CO, for 24 hours.

After fixing the cells with 4% paraformaldehyde
in phosphate buffer (AppliChem, St. Louis,
MO, USA), the nuclei were stained with
hematoxylin.

The cells that had not migrated were wiped on
the inside of the insert. The migrated cells on
the outside of the membrane were mounted on
a slide. Photographs of each membrane were
taken with a microscope (Olympus DP70, Tokyo,
Japan) to evaluate migration. The migrated
cells were quantified using QuPath [21]. The
cell migration rate was calculated using the fol-
lowing formula: Migration rate (%) = cell number
of the gapmeR group/cell number of the nega-
tive control group x 100%. The migration rate
of the negative control group was set to 1
(100%). Each cell line was run at least 3 times.
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Statistical analysis

All measured data were expressed by mean *
standard deviation (mean + SD). An indepen-
dent-samples t-test was used to evaluate the
significance of the different groups. All data
were analyzed using GraphadPrism8.0 soft-
ware (GraphPad Software, San Diego, CA, USA).
Counted data were expressed as % and ana-
lyzed by chi-square test. Differences with P <
0.05 were considered significant.

Results

First, we analyzed the FTO and ALKBH5 expres-
sion profiles in different cancer entities using
the Cancer Genome Atlas Research Network
(TCGA) datasets with the cBioportal software
[19, 20] (Figure 1). Of note, both FTO and
ALKBH5 expressions were highly expressed in
ccRCC. This indicates the functional impor-
tance of m®A demethylases in this particular
tumor type.

To better understand the functional role of both
highly expressed m®A demethylases, we per-
formed knockdown experiments to analyze the
functional influences of the deletion of FTO and
ALKBH5 on parameters of malignancy. After 48
hours of incubation, efficient transfection of
fluorescently labeled GapmeRs was evident in
the ccRCC cell lines examined. High knockdown
efficiency of FTO and ALKBH5 was induced in
all cell lines with significantly decreased expres-
sion of both genes at both the mRNA and pro-
tein levels (see Figure 2). Cell proliferation and
migration (see Figures 3 and 4) were signifi-
cantly decreased after the knockdown of FTO
and ALKBHS in all cell lines examined. In our
opinion, the impaired migratory ability of the
cells due to the knockdown of FTO and ALKBH5
was due to the resulting disruption of the EMT
signaling pathway.

The GapmeRs of FTO-2 and ALKBH5-2 resulted
in the best and most stable reduction of migra-
tion and proliferation of the 769-p cell line.
Therefore, the GapmeRs (FTO-2 & ALKBH5-2)
were selected first to test the RQ-mean of
MRNA changes of EMT and proliferation genes
of the 769-p cell line. Silencing of FTO or
ALKBH5 expression resulted in changes in EMT
and proliferation process, for EMT genes (VIM,
CDH2, SNAI2) and proliferation genes (PCNA,
CDKN1B, P53). Both were significantly down-
regulated after knockdown of ALKBH5 or FTO in
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Figure 1. RNAseq expression data of cBioPortal database. A: Available RNA sequencing expression data from 32
cancer entities were studied, and high mRNA expression of FTO in ccRCC, in a pan-cancer analysis of the TCGA (The
Cancer Genome Atlas) dataset via cBioportal (cBioPortal for Cancer Genomics, https://www.cbioportal.org), FTO
showed the second-highest expression at the transcriptional level in ccRCC. B: Available RNA sequencing expression
data from 32 cancer entities were studied, and high mRNA expression of ALKBH5 in ccRCC, in a pan-cancer analysis
of the TCGA dataset via cBioportal, ALKBH5 showed the 4™ highest expression at the transcriptional level in ccRCC.

RT-PCR. Hereafter, we tested the protein level ALKBH5 knockdown, we examined VIM expres-
changes of these six genes. Only VIM and PCNA sion at the transcriptional and translational lev-
showed significant results. After specific FTO or els in 769-P cells.
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Figure 2. Knockdown FTO and ALKBH5 successfully. NT = untreated cells; TR = transfection reagent FUGENE; NC =
negative control GapmeR; F1 = FTO-1 GapmeR (Sequence 1); F2 = FTO-2 GapmeR (Sequence 2); A1 = ALKBH5-1
GapmeR (Sequence 1); A2 = ALKBH5-2 GapmeR (Sequence 2); G+ = GAPDH GapmeR (positive control, knock
down), all treated cells were collected after transfection GapmeRs for 72 hours; A: All three cell lines, 769-P, Caki-
1, and ACHN, show transfection efficiency for all the GapmeRs greater than 90%. The FITC-labeled GapmeRs were
transfected with FUGENE HD transfection reagent and photos were taken by a fluorescence microscope. All cells
were displayed in the White, green fluorescence GapmeR was observed in the Green and the overlay of both in the
Joint picture. B: The protein expression of FTO and ALKBH5 for all three renal cell carcinoma cell lines are detectable
and at the correct kD size in western blot analysis. GAPDH was used as a Housekeeper. C: The knockdown effect
was determined by real-time PCR and Western blotting. The protein level decreased of FTO compared to Negative
Control GapmeR, by at least 50%. The mRNA expression of FTO mRNA relative to the NC group were both signifi-
cantly downregulated in the renal cancer cell lines (769-P, Caki-1 and ACHN) (ns = no statistically significant; *P <
0.05; **P < 0.01; ***P < 0.001, Student’s t-test). D: The knockdown effect was determined by real-time PCR and
Western blotting. The protein level decreased of ALKBH5, compared to Negative Control GapmeR, by at least 50%.
The mRNA expression of ALKBH5 mRNA relative to the NC group were both significantly downregulated in the renal
cancer cell lines (769-P, Caki-1 and ACHN) (ns = no statistically significant; *P < 0.05; **P < 0.01; ***P < 0.001,

Student’s t-test).

Correlating with the impaired proliferation
potential after FTO or ALKBH5 knockdown, the
expression of the proliferation marker PCNA
was suppressed (see Figure 5). In the ccRCC-
TCGA cohort, both m®A demethylases were
positively correlated with VIM and PCNA expres-
sion (see Figure 6), in agreement with our
experimental results.

Discussion

MEA methylation is the most abundant post-
transcriptional modification (> 50%) [22] with
the development of high-throughput sequenc-
ing technology and advances in epigenetics
research [23-26], renewed attention has
focused on the function and role of m°fA meth-
ylation in various biologic processes. M°A meth-
ylation differs from other mRNA internal modifi-
cations (such as 5-methylcytosine RNA methyl-
ation, m°C [27]) because it regulates the post-
transcriptional expression level of the gene
without altering the base sequence. This is
mainly done by affecting the binding of the
MRNA to the writing protein. This regulates the
splicing, translation, and stabilization of the
MRNA. This process is reversible and precisely
controlled. This process involves 3 steps: O
Methylation, the enzyme that adds the methyl-
transferase (writer); @ Demethylation, i.e. the
methyl group is removed, the methyl group is
stripped from the carbocyclic ring by a demeth-
ylase (eraser); 3 Binding: the RNA base sites
where the methylation is changed are recog-
nized and bound.

Several studies have shown that aberrant m°A
levels are associated with carcinogenesis in
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human malignancies [14-16]. Methylation “writ-
ers” (consisting of METTL3, METTL14, and
WTAP) mediate m®A modification of RNA, while
two distinct proteins (FTO and ALKBH5) medi-
ate demethylation. So far, it is not known
whether the only human m°®A eraser proteins
FTO and ALKBH5 have distinct or redundant
functions [10-12], FTO and ALKBH5 are abnor-
mally expressed in many tumors [14-16]. FTO
plays a critical role in carcinogenesis as an
mOA eraser. R-2HG targets the FTO/m®A/MYC/
CEBPA axis and has antitumor activity in leuke-
mia and brain tumors [9, 14, 28]. ALKBH5 is
known to affect mRNA export and RNA metabo-
lism. In the pathogenesis of glioblastoma and
breast cancer, ALKBH5 acts as an oncoprotein
by affecting the proliferation and self-renewal
of cancer stem cells [15, 16, 29]. ALKBH5
expression is abnormally upregulated in glio-
mastem cells, and its increased expression is
associated with poor disease outcome in
patients with glioblastoma multiforme [15].
Suppression of ALKBH5 expression in hypoxic
MCF-7 and MDA-MB-231 cells increased the
mS®A content of the total cellular RNA pool, indi-
cating that ALKBH5 plays an important role in
regulating RNA methylation in human breast
cancer cells [16, 29]. The function of m°A
demethylases in RCC is poorly understood.

We observed that the expression levels of the
two M®A demethylases studied were compara-
tively high in ccRCC, suggesting their possible
importance in the pathogenesis of this tumor
entity. We knocked down FTO and ALKBH5 in
RCC cell lines (769-P, Caki-1, ACHN) using gap-
meRs. A decrease in FTO and ALKBH5 gene
expression inhibited proliferation and migration
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Figure 3. Knockdown of FTO decreased migration and proliferation for all studied cell lines. A: Effects of knocking down FTO on 769-P cell lines respectively growth/
proliferation by EZ4U test. (ns = not statistically significant; *P < 0.05; **P < 0.01; ***P < 0.001, Student’s t-test). B: Effects of knocking down FTO on 769-P cell
lines. Results show the migration capacity by cell count analysis on Boyden chamber membranes. (ns = not statistically significant; *P < 0.05; **P < 0.01; ***P
< 0.001, Student’s t-test). C: Pictures of cell count analysis on Boyden chamber membranes by 20 x microscopy to demonstrate migration after 24 h. The effect
of FTO knocking down on 769-P cell lines. The ACHN showed no statistically significant difference, so we did not show the changes by 20 x microscopy. D: Effects
of knocking down FTO on Caki-1 cell lines respectively growth/proliferation by EZ4U test. (ns = not statistically significant; *P < 0.05; **P < 0.01; ***P < 0.001,
Student’s t-test). E: Effects of knocking down FTO on Caki-1 cell lines respectively migration capacity by cell count analysis on Boyden chamber membranes. (ns =
not statistically significant; *P < 0.05; **P < 0.01; ***P < 0.001, Student’s t-test). F: Pictures of cell count analysis on Boyden chamber membranes by 20 x mi-
croscopy to demonstrate migration after 24 h. The effect of FTO knocking down on Caki-1 cell lines. The ACHN showed no statistical significance, so we do not show
the changes of 20 x microscopy. G: Effects of knocking down FTO on ACHN cell lines respectively. Growth/proliferation by EZ4U test. (ns = not statistically significant;
*P < 0.05; **P < 0.01; ***P < 0.001, Student’s t-test). H: Effects of knocking down FTO on ACHN cell lines respectively migration capacity by cell count analysis
on Boyden chamber membranes. (ns = not statistically significant; *P < 0.05; **P < 0.01; ***P < 0.001, Student’s t-test).
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Figure 4. The knockdown of ALKBH5 decreased migration and proliferation for
all studied cell lines. A: Effects of knocking down ALKBH5 on 769-P cell lines re-
spectively growth/proliferation by EZ4U test. (ns = not statistically significant; *P
< 0.05; **P < 0.01; ***P < 0.001, Student’s t-test). B: Effects of knocking down
ALKBH5 on 769-P cell lines respectively migration capacity by cell count analysis
on Boyden chamber membranes. (ns = not statistically significant; *P < 0.05; **P
<0.01; ***P < 0.001, Student’s t-test). C: Pictures of 769-P cell lines count analy-
sis on Boyden chamber membranes by 20 x microscopy to demonstrate migration
after 24 h. D: Effects of knocking down ALKBH5 on Caki-1 cell lines respectively
growth/proliferation by EZ4U test. (ns = not statistically significant; *P < 0.05; **P
< 0.01; ***P < 0.001, Student’s t-test). E: Effects of knocking down ALKBH5 on
Caki-1 cell lines respectively migration capacity by cell count analysis on Boyden
chamber membranes. (ns = not statistically significant; *P < 0.05; **P < 0.01;
**%pP < 0.001, Student’s t-test). F: Pictures of Caki-1 cell lines count analysis on
Boyden chamber membranes by 20 x microscopy to demonstrate migration after
24 h. G: Effects of knocking down ALKBH5 on ACHN cell lines respectively growth/
proliferation by EZ4U test. (ns = not statistically significant; *P < 0.05; **P < 0.01;
***pP < 0.001, Student’s t-test). H: Effects of knocking down ALKBH5 on ACHN
cell lines respectively migration capacity by cell count analysis on Boyden cham-
ber membranes. (ns = not statistically significant; *P < 0.05; **P < 0.01; ***P <
0.001, Student’s t-test). I: Pictures of ACHN cell lines counted analysis on Boyden
chamber membranes by 20 x microscopy to demonstrate migration after 24 h.
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Figure 5. Effects of EMT and proliferation genes changes by knockdown FTO or ALKBH5 on 769-P. Our GapmeRs of FTO-2 and ALKBH5-2 show the best and most
stable results on migration and proliferation of the 769-p cell line, so we choose GapmeRs (FTO-2 & ALKBH5-2) to test the RQ-mean of mRNA changes on EMT and
Proliferation Genes of 769-p cell line. Silencing FTO and ALKBH5 expression resulted in alterations in the EMT and proliferation process. A: From the RT-PCR results
of EMT genes, we found Vimentin (VIM) and N-Cadherin (CDH2) downregulated with statistical significance after FTO knockdown. (ns = not statistically significant;
*P < 0.05; **P < 0.01; ***P < 0.001, Student’s t-test). B: The protein of VIM was downregulated as well in the western blot experiment. (ns = not statistically sig-
nificant; *P < 0.05; **P < 0.01; ***P < 0.001, Student’s t-test). C: The RT-PCR results of proliferation genes demonstrate a statistically significant downregulation
of PCNA after FTO knockdown. (ns = not statistically significant; *P < 0.05; **P < 0.01; ***P < 0.001, Student’s t-test). D: There was no significant downregula-
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tion of PCNA after FTO knockdown on the protein level of PCNA. (ns = not statistically significant; *P < 0.05; **P
< 0.01; ***P < 0.001, Student’s t-test). E: VIM and Snail Family Transcriptional Repressor 2 (SNAI2) were signifi-
cantly downregulated after ALKBH5 knockdown in RT-PCR. (ns = not statistically significant; *P < 0.05; **P < 0.01;
***pP < 0.001, Student’s t-test). F: We used VIM to correlate this knockdown effect on the protein level. Change of
Proliferation Genes for mRNA and proteins after Silencing FTO-2 and ALKBH5-2 in the 769-p cell line. The genes of
CDKN1A, CDKN1B, p53, BAX, and PCNA were tested. (ns = not statistically significant; *P < 0.05; **P < 0.01; ***P
< 0.001, Student’s t-test). G: CDKN1B, p53 and PCNA mRNA were downregulated with statistic significance after
ALKBH5 knockdown. (ns = not statistically significant; *P < 0.05; **P < 0.01; ***P < 0.001, Student’s t-test). H:
The protein of PCNA was also downregulated following ALKBH5 knockdown. (ns = not statistically significant; *P <

0.05; **P < 0.01; ***P < 0.001, Student’s t-test).
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in the cell lines studied. Epithelial cells can
undergo epithelial-mesenchymal transition
(EMT) to transform into highly motile and inva-
sive phenotypes and migrate from the original
tissue. EMT is therefore a crucial step in cancer
progression [18, 30-33].

Suppression of FTO and ALKBH5 expression
resulted in changes in the EMT (indicated by
altered VIM mRNA/protein expression) and
proliferation (altered PCNA mRNA/protein ex-
pression) axes. Accordingly, m®A demethylases
affect ccRCC progression through changes in
EMT and proliferation.

In summary, we demonstrated that the m°A
demethylases FTO and ALKBH5 play an onco-
genic role by promoting cell migration and pro-
liferation through modulation of the epithelial-
mesenchymal transition and cell cycle. The
genes involved are VIM and PCNA. The mecha-
nism by which other genes such as CDH2,
SNAI2 among EMT genes and CDKN1B, and

1753
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positive correlation to VIM (B, D) and
PCNA (C, E).

P53 regulating proliferation are involved in
this process is currently unclear and needs fur-
ther investigation. FTO and ALKBH5 are highly
expressed in renal cancer and may represent
therapeutic targets for the treatment of renal
cancer.
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Table S1. The GapmeR sequences of all the genes

Target Sequence

FTO-1 CTTTACGCAGCTTGAT
FTO-2 ACCAGTCACTCATTAA
ALKBH5-1 AGCAATTGAGGACATC
ALKBH5-2 GTAAAGTCAAGAGGTT
Neg Ctrl A AACACGTCTATACGC
GAPDH AGATTCAGTGTGGTGG

Table S2. The PCR primer sequences of all the genes

Target Sequence

ACTB-forward CCAACCGCGAGAAGATGA
ACTB-reverse CCAGAGGCGTACAGGGATAG
GAPDH-forward CTCTGCTCCTCCTGTTCGAC
GAPDH-reverse ACGACCAAATCGGTTGACTC
ALKBH5-forward CCTGCTCTGAAACCCAAGC
ALKBHb5-reverse TCCTTGTCCATCTCCAGGAT
FTO-forward GAAAATCTGGTGGACAGGTCA
FTO-reverse CGAGATGAGAGTCATCCTCACTT
CDKN1A-forward CGAAGTCAGTTCCTTGTGGAG
CDKN1A-reverse CATGGGTTCTGACGGACAT
CDKN1B-forward CCCTAGAGGGCAAGTACGAGT
CDKN1B-reverse AGTAGAACTCGGGCAAGCTG
BAX-forward ATGTTTTCTGACGGCAACTTC
BAX-reverse ATCAGTTCCGGCACCTTG
P53-forward CTTTCCACGACGGTGACA
P53-reverse TCCTCCATGGCAGTGACC
CDH1-forward AAGGGGTCTGTCATGGAAGG
CDH1-reverse GGTGTTCACATCATCGTCCG
CDH2-forward CCATCATTGCCATCCTGCTC
CDH2-reverse GTTTGGCCTGGCGTTCTTTA
SNAI1-forward GCTGCAGGACTCTAATCCAGA
SNAI1-reverse ATCTCCGGAGGTGGGATG
SNAI2-forward TGGTTGCTTCAAGGACACAT
SNAI2-reverse GTTGCAGTGAGGGCAAGAA
VIM-forward GAGAGGAAGCCGAAAACACC
VIM-reverse TTGCGTTCAAGGTCAAGACG
PCNA-forward TGTCACAGACAAGTAATGTCGATAAA

PCNA-reverse

GAACTGGTTCATTCATCTCTATGG
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Table S3. The antibody information of all the genes

Specific Antibody Dilution Manufacturer

Anti-FTO 1gG rabbit 1:1250 Atlas Antibodies, Bromma, Sweden
Anti-ALKBH5 1gG rabbit 1:250 Novus Biologicals, Centennial, USA
Anti-VIM 1gG rabbit 1:1000 Cell Signaling Technology, Danvers, USA
Anti-PCNA IgG mouse 1:200 Santa Cruz Biotechnology, Dallas, USA
Anti-CDH2 IgG mouse 1:200 Santa Cruz Biotechnology, Dallas, USA
Anti-SNAI2 IgG mouse 1:100 Santa Cruz Biotechnology, Dallas, USA
Anti-CDKN1B IgG mouse 1:200 Santa Cruz Biotechnology, Dallas, USA
Anti-P53 IgG mouse 1:200 Santa Cruz Biotechnology, Dallas, USA
Anti-GAPDH 1gG rabbit 1:1000 Cell Signaling Technology, Danvers, USA
Anti-B-Actin IgG-mouse 1:5000 Sigma-Aldrich, St. Louis, USA
Secondary Antibody Dilution manufacturer
Anti-Rabbit-POD 1gG-rabbit 1:2000 Cell Signaling Technology, Danvers, USA
Anti-mouse-POD IgG-mouse 1:3000 BIO-RAD Laboratories, Hercules, USA

We use Anti-Rabbit-POD as secondary antibody for IgG-rabbit specific antibody, and Anti-mouse-POD as secondary antibody for
1gG-mouse specific antibody.



