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Abstract

Background: Chemotherapy resistance remains a barrier to improving the prognosis of epithelial ovarian cancer
(EOQ). ALKBH5 has recently been shown to be one of the RNA N6-methyladenosine (m6A) demethyltransferases
associated with various cancers, but its role in cancer therapeutic resistance remains unclear. This study aimed to
investigate the role of AIkB homolog 5 (ALKBHS5) in cisplatin-resistant EOC.

Methods: Functional assays were performed both in vitro and in vivo. RNA sequencing (RNA-seq), m6A-modified
RNA immunoprecipitation sequencing (MeRIP-seq), chromatin immunoprecipitation, RNA immunoprecipitation, and
luciferase reporter and actinomycin-D assays were performed to investigate RNA/RNA interaction and m6A
modification of the ALKBH5-HOXA10 loop.

Results: ALKBH5 was upregulated in cisplatin-resistant EOC and promoted cancer cell cisplatin resistance both

in vivo and in vitro. Notably, HOXA10 formed a loop with ALKBH5 and was found to be the upstream transcription
factor of ALKBH5. HOXA10 overexpression also facilitated EOC cell chemoresistance both in vivo and in vitro.
Collective results of MeRIP-seq and RNA-seq showed that JAK2 is the m6A-modified gene targeted by ALKBH5. The
JAK2/STAT3 signaling pathway was activated by overexpression of the ALKBH5-HOXA10 loop, resulting in EOC
chemoresistance. Cell sensitivity to cisplatin was rescued by ALKBH5 and HOXA10 knockdown or inhibition of the
JAK2/STAT3 signaling pathway in EOC cells overexpressing ALKBH5-HOXA10.

Conclusions: The ALKBH5-HOXA10 loop jointly activates the JAK2/STAT3 signaling pathway by mediating JAK2
m6A demethylation, promoting EOC resistance to cisplatin. Thus, inhibition of the expression of the ALKBH5-
HOXA10 loop may be a potential strategy to overcome cisplatin resistance in EOC.
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Background modality for EOC. However, while it is initially effective,
Epithelial ovarian cancer (EOC) is the most fatal most EOC patients have a poor prognosis owing to the
gynecological malignancy worldwide [1]. Platinum-based  inherently high rate of recurrence and resistance to cis-
regimens are currently the first-line chemotherapeutic  platin agents [2]. Unfortunately, evidence supporting the

appropriate approach against platinum chemoresistance
. : in EOC is limited because of its complicated mechanism.
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potential therapeutic targets to overcome resistance and
improve prognosis.

Several mechanisms, including activation of onco-
genes, mutation of antioncogene, and dysregulation of
cancer-associated signaling pathway, are involved in che-
moresistance [3—5]. N6-methyladenosine (m6A) modifi-
cation is one of the most prevalent mRNA modification
and influences mRNA transcription, stabilization, and
translation [6]. The core molecules of the m6A methyl-
transferase complex, including methyltransferase-like 3,
methyltransferase-like14, and WT1-associated protein,
mediate the methylated modification [7]. Meanwhile,
m6A erasers, including fat mass and obesity-associated
and AlkB homolog 5 (ALKBHS5), act as demethylases to
reverse the m6A modifications. The fate of m6A-
modified mRNA depends on specific m6A readers that
contribute to various processes such as mRNA splicing,
degradation, and translation [8].

Previous studies have shown that m6A modifications
are involved in important cancer processes, including
treatment resistance in hepatocellular carcinoma, breast
cancer, and non-small-cell lung cancer [9-11]. Hao et al.
recently suggested that ALKBH5 inhibited the progres-
sion of bladder cancer and sensitized bladder cancer
cells to cisplatin through a casein kinase 2 a-mediated
glycolysis pathway [12]. However, research on the role of
m6A modification in EOC resistance to cisplatin is lim-
ited. ALKBH5 was reported to be overexpressed in EOC
tissues and promoted cancer progression by inhibiting
EOC cell autophagy [13]. ALKBH5 was also suggested to
contribute to resistance to PARP inhibitors in BRCA1/2-
mutated ovarian cancer cell lines by regulating the ex-
pression of FZD10 mRNA and mediating the Wnt sig-
naling pathway [14]. These data suggest that ALKBH5
plays a significant role in EOC, and it might be a poten-
tial therapeutic target.

Thus, this study aimed to explore the role of ALKBH5
and the underlying regulatory mechanism in cisplatin-
resistant EOC.

Materials and methods

Clinical sample collection

All patients signed informed consent before using clin-
ical specimens. The use of specimens for this study has
been proved by the ethics committee of the First Affili-
ated Hospital with Nanjing Medical University. Tumor
tissues were obtained from patients who have undergone
surgery in the First Affiliated Hospital with Nanjing
Medical University (Jiangsu Province Hospital) between
January 2015 to January 2019. Surgically resected speci-
mens were immediately flash-frozen in liquid nitrogen
for further investigation. According to National Compre-
hensive Cancer Network Guidelines, EOC patient who
do not achieve complete clinical remission (CR) after
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initial platinum-based chemotherapy or tumor recurred
within 6 months after CR is defined as a platinum-
resistant case. Patients with a cisplatin-free interval lon-
ger than 6 months are defined as a platinum-sensitive
case [15]. In our study, we obtained 15 platinum-
sensitive samples and 9 platinum-resistant samples. All
24 patients underwent at least 6 courses of platinum-
based adjuvant chemotherapy after surgery. The descrip-
tive information of sensitive- and resistant- patients was
provided in Supplementary Table 1. Due to the strict
surgical indication of recurrent EOC, the second oper-
ation of recurrent cisplatin-resistant EOC is not recom-
mended. In the present study, platinum-resistant
samples were obtained from patients who did not
achieve CR or tumor recurred within 6 months after the
first-line treatment. Meanwhile, different pathological
types of EOC samples were also collected to investigate
the ALKBH5 and HOXA10 expression (n = 57).

Cell lines and culture conditions

The cell lines HO8910, A2780, A2780-DDP, HO8910-
DDP were cultured in RPMI1640 (Gibco) supplemented
with 10% FBS (Gibco) and 1% penicillin/streptomycin at
37 °C supplied with 5% CO2. Among these cell lines,
HO8910 and A2780 are cisplatin-sensitive EOC cell
lines. A2780 and HO8910 underwent continuous step-
wise exposure to increasing concentrations of cisplatin
to create the cisplatin-resistant cell lines, A2780-DDP
and HO8910-DDP.

RNA extraction and quantitative real-time PCR (qPCR)
According to the manufacturer’s instructions, total RNA
was extracted from cultured cells and tissues with Trizol
(Invitrogen). Then, cDNA was prepared by HiScript Q
RT SuperMix for qPCR (Vazyme). The qPCR was per-
formed with an SYBR Green PCR Kit (Vazyme). The se-
quences of gene primers used for qPCR were showed in
Supplementary Table 2.

Protein extraction and Western blot assay

Total protein from cultured cells and tissues were lysed
in RIPA buffer (Beyotime) with protease inhibitor (Beyo-
time) and then quantified by using a BCA assay kit
(Beyotime). The quantified protein was treated at 100 °C
for 5min and separated by 10% SDS-PAGE buffer.
Western blot assays were performed as the protocol as
we previously reported [16]. The antibodies used for
western blot assay were listed in Supplementary Table 3.

Lentivirus infection and siRNA transfection

Lentiviral vectors pGC-FU-3FLAG-CBh-gcGFP-IRES-
puromycin respectively encoding transcript ALKBH5
(0oe-ALKBH5) and HOXA10 (0oe-HOXA10) transcripts
were purchased from Genechem (Shanghai, China), and
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cells were incubated with lentivirus and 4 mg/mL poly-
brene for 24 h. Puromycin (0.5 pg/mL) was added to the
medium for selection.

All siRNA and plasmid were transfected in cells by
using Lipofectamine 3000 (Invitrogen). Cell assays and
RNA extraction were performed after 24 h, and protein
extractions were performed after 48 h. All siRNAs were
synthesized by GemmaPharma (Shanghai, China), and
the RNAi oligonucleotides sequences (5'-3) were
showed in Supplementary Table 4.

Cell proliferation assays

For Cell Counting Kit-8 (CCK8) assay, EOC cells were
plated at a density of 6000 cells per well in 96-well
plates. After cell adherence, cell proliferation was deter-
mined at 0, 24, 48, and 72h; CCK-8 (Vazyme) was
added, and the plate was incubated at 37 °C and 5% CO2
for 1h. Absorbance was measured at 450 nm on a mi-
croplate reader (TECAN).

For EdU proliferation assay, EOC cells were plated at a
density of 6000 cells per well in 96-well plates 1 day be-
fore treatment. Protocols were performed according to
the of Cell-Light EAU Apollo567 In Vitro Kit (RiboBio).

Chemosensitivity assay

Lentivirus infected and siRNA transfected EOC cells
were plated at a density of 6000—-8000 cells per well in
96-well plates. A series of cisplatin (Sigma-Aldrich) con-
centrations (0, 5, 10, 15, and 20 pM) were added. After
48 h of treating, CCK8 was used to detect surviving cells.
IC50 was graphically calculated by Graphpad 8.0.

Immunofluorescence (IF)assay

YH2AX foci presents the degree of DNA double strand
breaks, which could be used to evaluate cell DNA dam-
age [17]. EOC cells were seeded in confocal dishes and
treated with cisplatin (5 uM) for 6 h. Cells were fixed in
4% paraformaldehyde and treated with 0.5% of Triton X-
100 for 20 min and blocked in 1% Bovine Serum Albu-
min. Then cells were incubated with the first antibody in
4.°C for overnightand then incubated with the secondary
antibody at room temperature for 1h. The antibodies
used for the IF assay were listed in Supplementary
Table 3. Finally, cell nucleus was stained with DAPI
(Merck). Images were captured by using Zeiss
microscope.

Cell cycle assay and apoptosis assay

Cells were plated in 6-well plates, and respectively
treated with cisplatin (5 pM) and phosphate buffer saline
(PBS) for 48h. For the cell cycle analysis, 1 x 10° cells
and the cultural supernatant were collected, centrifuged,
and washed. Cells were fixed with 75% cold ethanol for
24h at -20°C. Next, the fixed cells were stained in
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500 ul propidium oxide staining solution at room
temperature for 15 min in the dark. For the apoptosis
assay, 2x 10* cells and the cultural supernatant were col-
lected. Then, 5 pl of FITC Annexin V and 5 pl of propi-
dium iodide (BD Biopharmingen) were added to the
collected cells and suspending in 300 pul binding buffer
for 15 min in the dark. Flow cytometry was performed to
analyze cell cycle and cell apoptosis.

Immunohistochemistry (IHC) assay

Firstly, surgical samples were pretreated in 10% formal-
dehyde for fixed. Staining was performed by the protocol
as we previously reported [16]. The antibodies used for
the IHC assay were listed in Supplementary Table 3.

RNA binding protein immunoprecipitation (RIP)-qPCR
The RIP assay was performed using a MagnaRIP RNA-
Binding Protein Immunoprecipitation Kit (Millipore).
Briefly, the cell lysates were incubated with beads coated
with 5 pg of antibodies with rotation at 4 °C overnight.
Then, the RNA-protein-magnetic beads complexes were
washed and eluted with proteinase K digestion buffer.
Immunoprecipitated RNA was finally extracted by
phenol-chloroform RNA extraction methods. Finally,
enriched RNA was determined by qPCR and normalized
to the input. The antibodies used for the RIP assay were
listed in Supplementary Table 3.

Chromatin immunoprecipitation (ChlP)-qPCR

The ChIP assay was performed using a Chromatin Im-
munoprecipitation Kit (Millipore) according to the man-
ufacturer’s instructions. EOC cells were cross-linked
with 1% formaldehyde; quenched with glycine at room
temperature. Then, cells were collected, washed, and re-
suspended in lysis buffer. Then cross-linked DNAs were
fragmented with 6% energy, 30s for 6 cycles. The soni-
cated chromatin solution was incubated with beads
coated with 5 pg of antibodies with rotation at 4 °C for
overnight. Immunoprecipitated DNA was purified and
analyzed by qPCR and agarose gel electrophoresis assays.
The specific primers were listed in Supplementary
Table 2, and the antibodies used for ChIP assay were
listed in Supplementary Table 3.

Luciferase reporter assay

The luciferase reporters respectively containing the wild-
type (WT) and mutated-type (Mut) sequences of JAK2
3'UTR (Chr12:5126686-5,127,015) were synthesized by
Genechem (Shanghai, China). Luciferase reporters, re-
spectively containing the WT and Mut sequences of
ALKBHS5 promotor (Chr17:18181828-18,181,968) were
synthesized by Tsingke (Nanjing, China). Cells were
seeded in a 24-well plate, and respectively transfected
with the WT/Mut reporters. Luciferase assay was
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performed with Luciferase Kit (Promega) under the
manufacturer’s instructions. The luciferase activity was
measured by BERTHOL chemiluminescence measuring
instrument (Centro XS LB 960). The sequences of the
plasmids in the luciferase reporter assay were shown in
Supplementary Table 5.

Animal studies

The animal studies were performed in accordance with
the institutional ethics guidelines for animal experiments
approved by the animal management committee of Nan-
jing Medical University. About 5x 10° cells were injected
subcutaneously into the axilla of the female athymic
BALB/C nude mice (4week-old, 18-20g). When the
average tumor size reached approximately 100mm?
(after 1 week), mice were then randomized into two
groups and treated with cisplatin (5 mg/kg) or normal
saline (NS) weekly. Tumor width (W) and length (L) was
measured every week, and the volume (V) of the tumor
was calculated as the formula V=(W?xL)/2. Every
group was treated by 6 cycles of cisplatin/NS treatment
until mice were euthanized, and tumors were removed
for further study.

Dot blot assay

mRNA was isolated from total RNA under the protocols
of Kit (Promega). The dot blot assay was performed ac-
cording to the bio-protocol database (https://en.bio-
protocol.org/e2095). Briefly, 150/300 ng isolated mRNA
was then spotted onto a Hybond-N+ membrane and
cross-linked by a UV cross-linker. Methylene blue was
used to interact with mRNA, and as the loading control,
images were acquired. After washing, the membrane was
washed and incubated first in blocking buffer and then
with an anti-m6A antibody (1:250) at 4 °C fot overnight.
Then, the membrane was rewashed and incubated with
an anti-rabbit antibody (1:10000). Eventually, the mem-
brane was exposed to Hyperfilm ECL (Bio-Rad), and im-
ages were acquired. The antibodies used for dot blot
assay were listed in Supplementary Table 3.

Actinomycin-D (act-D) assay

Cells were plated in 6-well plates and treated with acti-
nomycin D (5 pg/mL, Med Chem Express) respectively
for 0, 2, 4, and 6 h. Total RNA was then extracted and
quantified by qPCR. The gene expression at the indi-
cated time was calculated and normalized by GAPDH.
The degradation rate of mRNA was estimated by the lin-
ear regression analysis.

m6A-modified RNA immunoprecipitation sequencing
(MeRIP-seq) and MeRIP-gPCR

Intact mRNA was first isolated from total RNA samples
using mRNA Isolation Kit according to the
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manufacturer’s protocol (Promega), and the amount of
purified mRNA was greater than 5pg. The Magna
MeRIP™ m6A Kit (Millipore) was then used for MeRIP
according to the manufacturer’s instructions. Briefly, the
isolated mRNA was chemically fragmented into 200-
nucleotide-long fragments by incubation at 94.°C for 5
min, and the size of the fragmented mRNA was con-
firmed by Agilent 2100 Bioanalyzer (Agilent, CA, USA).
Then, m6A-methylated mRNAs were immunoprecipi-
tated with the m6A-antibody. The major procedures in-
cluding immunoprecipitation, washing, and elution.
Then eluted RNA and MeRIPed RNA were analyzed by
deep sequencing on an Illumina Novaseq™ 6000 platform
at the LC-BIO Bio-techltd (Hangzhou, China) following
the vendor’s recommended protocol. The immunopreci-
pitated samples were also analyzed by MeRIP-qPCR.
The specific primers are provided in Supplementary
Table 2.

Statistical analysis

All data and error bars are presented as the mean + SDs
from at least three independent experiments. The two-
tailed Student’s t-test were performed to evaluate differ-
ences between two independent groups. The Graphpad
8.0 software was used to analyze the data. The indicated
p-values (*p <0.05, * p<0.01, ** p<0.001 and **** p <
0.0001) were considered statistically significant.

Results

ALKBH5 promotes cell resistance to cisplatin in vivo and
in vitro

By analysing the expression of m6A-related methyltrans-
ferases and demethyltransferase, ALKBH5 expression
was found up-regulated both in cisplatin-resistant EOC
cells (Fig. 1A and B, Supplementary Figs. 1A). Mean-
while, ALKBH5 was also found up-regulated in
platinum-resistant EOC samples (Figs. 1A-C). The de-
scriptive analysis of ALKBH5 mRNA expression and pa-
tients’ clinical characteristics was showed in
Supplementary Table 6. CCK8 and EdU assays showed
that ALKBH5 overexpression significantly promoted cell
proliferation (Fig. 1D-F), while the opposite effect was
observed after knocking down ALKBH5 both in
cisplatin-sensitive  (Supplementary Fig. 1B-D) and
cisplatin-resistant cells (Supplementary Fig. 1E-G). The
chemosensitivity assay showed an increased IC50 in
EOC cells with ALKBH5 overexpression (Fig. 1G). In
contrast, ALKBH5 knockdown weakened the chemore-
sistance in cisplatin-resistant EOC cells (Supplementary
Fig. 1H). Moreover, ALKBH5 overexpression could re-
lieve the DNA damage induced by cisplatin, whereas
ALKBHS5 knockdown aggravated cisplatin-induced DNA
damage (Fig. 1H and Supplementary Fig. 1I). Further-

more, cell cycle analysis showed that ALKBHS5
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Fig. 1 ALKBH5 overexpression promotes EOC cell proliferation and resistance to cisplatin in vitro and in vivo. (@) ALKBH5 mRNA expression is up-
regulated in cisplatin-resistant EOC cells (upper); ALKBH5 mRNA expression is up-regulated in platinum-resistan EOC samples (down). (b) Results
of the western-blot assays shows ALKBH5 was up-regulated both in cisplatin-resistant EOC cells (upper) and platinum-resistant EOC samples
(down). () Expression of ALKBH5 protein in platinum-resistant (left) and platinum-sensitive (right) EOC tissues by IHC assay. (d) The transfection
efficiency of oe-ALKBHS lentivirus in A2780 and HO8910. (e and f) CCK8 and EdU proliferation assays confirm that ALKBH5 overexpression
promotes cell proliferation in EOC cells. (g) The chemosensitivity assay shows that the IC50 of cisplatin is higher in EOC cells with ALKBH5
overexpression. (h) The IF assay shows that yH2AX expression is reduced in EOC cells with ALKBH5 overexpression after cisplatin treatment (5 uM,
6 h). (i) The cell cycle assays show that ALKBH5 overexpression can attenuate blocking in the G2/M phase induced by cisplatin (5 uM, 48 h). (j) The
apoptosis assay shows that ALKBH5 overexpression can decrease the percentage of cell apoptosis induced by cisplatin (5 uM, 48 h). (k) The
animal study shows that ALKBH5 overexpression promotes tumor growth and chemoresistance to cisplatin in vivo

overexpression significantly relieved the blocking effect
in the G2/M phase induced by cisplatin (Fig. 1I). Apop-
tosis analysis also showed that ALKBH5 overexpression
reduced cisplatin-induced cell apoptosis (Fig. 1J). Con-
sistently, animal studies showed that ALKBH5 overex-
pression promoted EOC tumor growth and resistance to
cisplatin in vivo (Fig. 1K).

ALKBH5-HOXA10 loop maintains ALKBH5 and HOXA10
overexpression in EOC

To explore the molecular mechanism of ALKBHS5-
mediated EOC resistance to cisplatin, RNA sequencing
(RNA-seq) was performed. The results of functional an-
notations of RNA-seq via Gene Ontology (GO) analysis
showed enhanced DNA repair in EOC cells with
ALKBH5 upregulation (Supplementary Fig. 2, Add-
itional file 1). Further, RNA-seq demonstrated that
homeobox A10 (HOXA10) was highly upregulated in
EOC cells with ALKBHS5 overexpression (log2 fold
change (FC)| =2.52). Our previous studies have demon-
strated that HOXA10 influences EOC cell proliferation,
metastasis, invasion, and differentiation [18—20]. RIP-
qPCR assay indicated that HOXA10 mRNA was signifi-
cantly enriched in Flag-specific antibody in EOC cells
transfected with oe-ALKBH5 using Flag-tag, suggesting
that HOXA10 mRNA could bind to ALKBH5 (Fig. 2A).
According to its transcript expression change and the
potential regulatory mechanism, we speculated that
ALKBH5 might mediate HOXA10 upregulation by
maintaining the stability of HOXA10 mRNA. Results of
the Act-D assay indicated that the half-life period of
HOXA10 mRNA was significantly increased with
ALKBHS5 overexpression (Fig. 2B).

Analysis of the correlation between ALKBH5 and
HOXA10 in 57 EOC tissues and 426 samples of The
Cancer Genome Atlas (TCGA) database showed that
mRNA expression of HOXA10 was positively correlated
with ALKBHS5 expression (Supplementary Fig. 3A). Con-
sistently, HOXA10 expression was found to be regulated
by ALKBH5 up-regulation or down-regulation in EOC
cells (Fig. 2C and D). Considering the role of HOXA10
as a transcription factor (TF), we analyzed data from the
JASPAR database and unexpectedly found probable

binding motifs with HOXA10 in the ALKBH5 promotor
region. The sonicated chromatin solution of EOC cells
was immunoprecipitated with an anti-Flag antibody and
IgG control antibody. Results of the ChIP-qPCR showed
that the Flag-specific antibody was significantly enriched
in DNA fragments contained in the ALKBH5 promoter
region (Fig. 2E). By validating the potential transcription
binding motifs of HOXA10 and ALKBH5 predicted by
the JASPAR database, we constructed luciferase report-
ing gene plasmids encoding WT and Mut specific se-
quences of ALKBH5 promoter regions. The luciferase
reporter assay results suggested that HOXA10 could be
a TF to interact with the TAAA region of the ALKBH5
promoter (Fig. 2F). Consequently, ALKBH5 expression
was confirmed to be up-regulated in EOC cell with
HOXA10 overexpression, while down-regulated after
knocking down HOXA10 expression (Fig. 2G-J). These
data suggested that HOXA10 might play as an upstream
TF of ALKBH5 and contribute to the upregulation of
ALKBH5 in EOC. Our findings revealed that the
ALKBH5-HOXA10 regulation loop steadily maintained
the overexpression of both ALKBH5 and HOXA10 in
EOC.

HOXA10 overexpression promotes the proliferation and
cisplatin-resistance of EOC in vivo and in vitro

Given that ALKBH5 was confirmed as a factor that pro-
motes EOC resistance to cisplatin and forms a positive
regulation loop with HOXAI10, we speculated that
HOXA10 might also promote cisplatin resistance in
EOC. The results showed that HOXA10 expression was
upregulated in A2780-DDP and HO8910-DDP cells (Fig.
3A and B). Additionally, HOXA10 was confirmed to be
overexpressed in platinum-resistant EOC samples (Fig.
3A-C). The descriptive analysis of HOXA10 mRNA ex-
pression and clinical characteristics of 57 EOC patients
was showed in Supplementary Table 7. The results of
proliferation asasays confirmed that HOXA10 overex-
pression significantly promoted cell proliferation (Fig.
3D and E), while an opposite effect was exerted after
knocking down HOXA10 in both cisplatin-sensitive
(Supplementary Fig. 3B and 3C) and cisplatin-resistent
EOC cells (Supplementary Fig. 3D-3F). Further,
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expression is down-regulated by knocking down HOXA10 in EOC cells

Fig. 2 ALKBH5-HOXA10 loop maintains ALKBH5 and HOXA10 overexpression in EOC. (a) The results of the RIP-gPCR assay show that HOXA10
mRNA is enriched in Flag-specific antibody in EOC cells on transfection with oe-ALKBH5 using Flag-tag. (b) The Act-D assay shows that ALKBH5
overexpression can maintain HOXA10 mRNA stability in EOC cells. (c and d) ALKBH5 regulates HOXA10 expression in EOC. (e) The ChIP-gPCR
assay suggests that the ALKBH5 promoter fragment is enriched in HOXA10 (top), and the AGE assay validates the sonicated products and
immunoprecipitated DNA of the ChIP assay (middle). EOC cells are transfected with HOXA10-Flag-tag (bottom). (f) Based on the TF binding motif
of HOXA10 predicted by the JASPAR database (top), the luciferase reporter assay is conducted, and the results show that HOXA10 could interact
with the region containing TAAA of ALKBH5 promoter (bottom). (g) The transfection efficiency of oe-HOXA10 lentivirus in A2780 and HO8910. (h)
ALKBHS5 is up-regulated in EOC cells with HOXA10 overexpression. (i) The transfection efficiency of specific siRNAs targeting HOXA10. (j) ALKBH5

HOXA10 overexpression promoted cisplatin resistance
and attenuated the DNA damage in cisplatin-sensitive
EOC cells (Fig. 3F and G). In contrast, HOXA10 knock-
down weakened cisplatin resistance and aggravated
DNA damage in cisplatin-resistant EOC cells (Supple-
mentary Fig. 3G and 3H). In cell cycle analysis, HOXA10
overexpression significantly altered the inhibition effect
of cisplatin in the G2/M phase (Fig. 3H). The apoptosis
analysis results showed that HOXA10 overexpression
inhibited EOC cell apoptosis induced by cisplatin (Fig.
3I). The xenograft model demonstrated that HOXA10
promoted tumor growth and resistance to cisplatin (Fig.

3)).

ALKBH5 erases m6A modifications of JAK2 mRNA and
maintains JAK2 mRNA expression by lowering YTHDF2-
mediated mRNA degradation

Given that ALKBH5 was identified as one of the m6A
erasers, we performed the m6A dot blot assay and found
that ALKBH5 upregulation in EOC cells decreased the
m6A  modification level of mRNA (Supplementary
Fig. 4A). We further analyzed the targeted m6A-
modified genes of ALKBH5 in EOC using RNA-Seq and
MeRIP-Seq analysis. The MeRIP-Seq results validated
the differentially explored m6A modification motif in
the m6A-immunopurified RNA in A2780 with ALKBH5
overexpression and the negative control (Fig. 4A). Fur-
ther, 51.88% of the m6A abundance was differentially
enriched in three prime untranslated regions (3'UTRs)
of transcripts (Fig. 4B). MeRIP-seq revealed that
ALKBHS5 upregulation resulted in increased abundance
of m6A peaks in 586 transcripts and decreased abun-
dance in 792 transcripts (|log2 FC| = 1, p < 0.05) (Fig. 4C
and Additional file 2). RNA-seq also revealed that there
were 2005 upregulated and 676 downregulated genes in
A2780 with ALKBH5 upregulation (|log2 (FC)| =1,
p < 0.05) (Fig. 4C and Additional file 3). The quadrantal
diagram graph displayed transcripts with a different
abundance of m6A peaks and regulated gene expression
(Fig. 4D). ALKBH5 mediated m6A demethylation of
mRNA, which could influence mRNA metabolism pro-
cesses such as stabilization and degradation. Thus, we
focused on genes with both changes in m6A modifica-
tion and mRNA expression. There were 19 genes in cells

with ALKBH5 upregulation that exhibited not only de-
creased abundance of m6A peaks (log2 FC<-2, p <
0.05) but also significantly discrepant expression regula-
tion (log2 FC>2, p <0.05) (Fig. 4E and Table 1). This
suggested that these 19 genes might be contained in the
target m6-modified genes regulated by ALKBH5. Among
them, m6A abundance in the 3'UTR region of JAK2
mRNA (Chrl2: 5126686-5,127,015) was notably signifi-
cantly decreased after ALKBH5 upregulation in A2780
(log2 EC = - 2, p =0.03) (Fig. 4F). The JAK2/STATS3 sig-
naling pathway has been widely demonstrated to be in-
volved in tumor growth and chemoresistance in various
malignancies [21]. Thus, we speculated that ALKBH5
overexpression might promote EOC cell proliferation
and resistance to cisplatin by targeting JAK2 and activat-
ing the JAK2/STAT3 signaling pathway in the m6A-
dependent manner. The results of MeRIP-qPCR also
confirmed that ALKBHS5 overexpression decreased the
m6A modification abundance of the 3'UTR region of
JAK2 mRNA in A2780 (Fig. 4G). The results of RIP-
qPCR assay showed that JAK2 mRNA expression was
higher in the Flag-specific antibody than in the IgG anti-
body (Fig. 4H). We then performed the Act-D assay to
investigate whether ALKBH5 expression affected the sta-
bility of JAK2 mRNA. As shown in Fig. 41, JAK2 mRNA
expression was highly stable in EOC cells with ALKBH5
overexpression. The distribution of m6A is usually em-
bedded within the consensus sequence 5'-DRACH’
(D=G/A/U, R= A/G, H=not G). Based on the results
of MeRIP-seq, we mutated three “DRACH” motifs of
JAK2 3UTR (Chrl2: 5126686-5,127,015) to construct
the WT/Mut luciferase reporters. Moreover, results of
the luciferase reporter assay showed that ALKBH5 rec-
ognized and was bound to the m6A-motif in the 3'UTR
region of JAK2 mRNA and promoted JAK2 expression
(Fig. 4J). Consistent with the above findings, JAK2
mRNA expression was up-regulated in cell with
ALKBH5 overexpression, while down-regulated by
knocking down ALKBHS5 in EOC cells (Fig. 4K). Previ-
ous studies have identified YTHDFs, including YTHD
F1/2/3, as a family of m6A readers that target thousands
of mRNA transcripts by distinctly recognizing the m6A
motif. In the cytosol, YTHDF1 enhances the translation
of its targets by interacting with initiation factors and
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Fig. 3 HOXA10 overexpression promotes EOC cell proliferation and cisplatin resistance in vitro and in vivo. (@) HOXAT0 mRNA is upregulated in

cisplatin-resistant EOC cells and platinum-resistant EOC samples. (b) Results of the western-blot assays shows HOXA10 was up-regulated both in
cisplatin-resistant EOC cells (upper) and platinum-resistant EOC samples (down). (c) Expression of HOXA10 protein in platinum-resistant (left) and
platinum-sensitive (right) EOC tissues by IHC assay. (d and e) CCK8 and EdU proliferation assays confirm that HOXA10 overexpression promotes

cell proliferation in EOC cells. (f) The chemosensitivity assay demonstrates higher IC50 of cisplatin in EOC cells with oe-HOXA10 transfection. (g)

The IF assay shows that yH2AX foci is decreased in EOC cells with HOXA10 overexpression after cisplatin treatment (5 uM, 6 h). (h) The cell cycle
assays show that HOXA10 overexpression can alleviate the blocking in the G2/M phase induced by cisplatin (5 uM 48 h). (i) The apoptosis assays
show that HOXA10 overexpression can lower the percentage of cell apoptosis induced by cisplatin (5 uM, 48 h). (j) The animal study shows that
HOXAT10 overexpression promotes cell proliferation and resistance to cisplatin in vivo

facilitating ribosome loading. YTHDEF3 affects the trans-
lation of its target mRNAs along with YTHDF1. Mean-
while, YTHDF2 helps promote mRNA degradation of
m6A-modified mRNA [22]. In the present study, we
found a lower m6A abundance of JAK2 mRNA in EOC
cell with ALKBHS5 overexpression, whereas JAK2 mRNA
expression was upregulated. Considering the above re-
sults, we speculated that YTHDF2 might mediate m6A-
JAK2 degradation. We then used specific siRNAs to
knock down YTHDEF2 expression in EOC cells. The re-
sults showed that knocking down YTHDF2 up-regulated
JAK2 expression compared to the negative control.
Meanwhile, knocking down YTHDF2 expression could
partly reduce JAK2 upregulation induced by overexpres-
sion of ALKBH5 (Fig. 4L and M). The RIP-qPCR assay
showed that the YTHDF2-specific antibody caused a sig-
nificantly higher increase in JAK2 mRNA enrichment
compared to IgG (Fig. 4N). The Act-D assay confirmed
that the level of JAK2 mRNA was more stable after
YTHDE2 knockdown (Fig. 40). Collectively, these find-
ings indicated that ALKBH5-mediated JAK2 mRNA
m6A demethylation inhibited YTHDF2-mediated mRNA
degradation and maintained JAK2 mRNA expression.

ALKBH5-HOXA10 loop promotes resistance to cisplatin by
activating the JAK2/STAT3 signaling pathway in EOC

We then investigated whether HOXA10 or ALKBH5
knockdown could rescue cisplatin resistance in EOC cell
with ALKBH5 and HOXA10 overexpression. The results
showed that knocking down HOXAI10 in cells with
ALKBHS5 overexpression could partly inhibit cell prolif-
eration, chemoresistance, and DNA damage response
(DDR) (Fig. 5A-D). Similarly, ALKBH5 knockdown in
cells with HOXA10 overexpression also partly relieved
EOC cell proliferation, chemoresistance, and DDR (Fig.
5A-D). The results of correlation analyses in 57 EOC
samples and TCGA database also showed that JAK2
mRNA expression was positively correlated with
ALKBH5 or HOXA10 expression (Supplementary Fig.
4B and C). However, the correlation analysis results of
HOXA10 and JAK2 expression based on the TCGA
database showed no statistical significance. Further in-
vestigation confirmed that upregulation of the ALKBH5-
HOXA10 loop could promote JAK2 expression and the

phosphorylation level of STAT3, which represents acti-
vation of the JAK2/STAT3 signaling pathway (Fig. 6A).
In contrast, knocking down ALKBH5 or HOXA10 de-
creased JAK2 expression and the phosphorylation level
of STAT3, which indicates inhibition of the JAK2/
STATS3 signaling pathway (Fig. 6B). Moreover, the acti-
vated JAK2/STAT3 pathway could be rescued by
siHOXA10 and siALKBH5 in EOC cells with HOXA10
and ALKBH5 overexpression, respectively (Fig. 6C). Im-
munohistochemistry (IHC) assay of the xenograft tissues
showed the same results (Fig. 6D and E). Collectively,
these results support that JAK2/STAT3 signaling path-
way might be involved in the regulation mechanism of
the ALKBH5-HOXA10 loop in EOC. Then, we used two
specific siRNAs to knock down JAK2 expression and
found that JAK2 knockdown significantly rescued cell
proliferation, cisplatin resistance, and DDR in cells with
ALKBHS5 or HOXA10 expression (Supplementary Fig. 5
and Supplementary Fig. 6). Furthermore, inhibition of
JAK2/STATS3 signaling pathway using WP1066 effect-
ively suppressed cancer cell proliferation, resistance to
cisplatin, and DDR (Supplementary Fig. 7). Overall, these
findings indicate that consistent overexpression of the
ALKBH5-HOXA10 loop in EOC could promote tumor
growth and chemoresistance by mediating the JAK2/
STATS3 signaling pathway.

Discussion

The role of m6A modification in cancer treatment re-
sistance, particularly cisplatin chemotherapy in EOC, re-
mains unclear. The present study found that ALKBHS5 is
upregulated in cisplatin-resistant EOC, promoting cell
proliferation and chemoresistance in vivo and in vitro.
Based on the results of RNA-seq, we identified the
ALKBH5-HOXA10 positive regulation loop and then
confirmed that HOXA10 could also promote cell prolif-
eration and chemoresistance in vivo and in vitro. The
MeRIP-seq results support that ALKBH5 reduces m6A
modification in JAK2 mRNA and maintains JAK2
mRNA expression by reducing YTHDF2-mediated
mRNA degradation. Furthermore, our findings revealed
that ALKBH5-HOXA10 loop overexpression activates
the JAK2/STATS3 signaling pathway, which, in turn, pro-
motes cisplatin resistance in EOC (Fig. 7).
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Fig. 4 ALKBHS erases m6A modifications of JAK2 mRNA and maintains JAK2 mRNA expression by lowering YTHDF2-mediated mRNA
degradation. (a) The two differentially enriched m6A-maodification motif in the immunopurified RNA in A2780. (b) Distribution of regulated méA
peaks in MRNA is detected by MeRIP-seq after ALKBH5 overexpression. (c) Schematic of downstream analysis for MeRIP-Seq and RNA-seq. (d) The
quadrantal diagram graph displays the transcripts with different m6A peaks and regulated gene expression based on MeRIP-seq and RNA-seq. (e)
The Venn diagram shows the genes detected by MeRIP-seq and RNA-seq; the 19 candidate target genes of ALKBH5S are shown on the right. (f)
m6A abundances in JAK2 mRNA transcripts in cells with ALKBH5 overexpression (MeRIP and input) and in negative control (MeRIP and input).
m6A regulation is calculated as the ratio of m6A abundances of MeRIP to input (log2FC=— 2, p=0.03). (g) MeRIP-gPCR confirms that ALKBH5
down-regulates the m6A peak in 3'UTR of JAK2 mRNA. (h) RIP-gPCR confirmed JAK2 mRNA binding to ALKBHS. (i) The Act-D assay shows an
increased lifespan of JAK2 mRNA after ALKBH5 overexpression. (j) Relative luciferase activity of the wild-type or mutant JAK2 3'UTR luciferase
reporter in EOC cells with ALKBH5 overexpression and the negative control. (k) ALKBH5 positively regulates JAK2 mRNA expression in EOC cells. (I
and m) YTHDF2 remarkably regulates JAK2 expression in A2780 and HO8910. (n) RIP-gPCR confirms YTHDF2 binding to JAK2 mRNA. (o) Increased

lifespan of JAK2 mRNA after YTHDF2 silencing

As one of the early adaptive mechanisms by which
cells respond to environmental stress, m6A modification
appears to be a promising target for cancer treatment.
Previous studies have demonstrated the important roles
of m6A-modulators in EOC, including MATTLS3,
ALKBH5, FTO, YTHDF1, and IGF2BP1 [13, 23-26].
These studies suggest that m6A modification signifi-
cantly contributes to EOC initiation and progression.

Table 1 List of 19 genes selected by MeRIP-seq and RNA-seq

However, research on the role of m6A modification in
EOC chemoresistance is lacking.

In recent years, ALKBH5 has been increasingly studied
in various malignancies and has been found to play dual
roles. Previous studies demonstrated that ALKBH5 acted
as an oncogene in colon cancer, endometrial cancer, and
renal cell carcinoma [27-29]. Further, ALKBH5 was
found to suppress progression in pancreatic cancer and
hepatocellular carcinoma [30, 31]. Moreover, ALKBH5
was also suggested to increase glioma stem cell radiore-
sistance by regulating homologous recombination [32].
Meanwhile, Li et al. identified ALKBH5 to enhance

Gene RNA-seq MeRIP-seq treatment response to anti-PD-1 therapy in melanoma,
name diff. p diff. log2fc diff. p diff. log2fc  colorectal, and potentially other cancers [33]. These
NHLRC2 0.002 -283 0.001 249 studies indicated that ALKBH5 might be a potential tar-
SLCIAT3 0.006 916 0001 250 get to overcome treatment resistance in cancer. The pre-
TFp) 0009 509 0000 57 vious study confirmed that ALKBH5 was an oncogene in
EOC [13]. Similar to our previous study, we have dem-
SETDE2 0009 24 0000 29 onstrated that ALKBH5 promotes cell proliferation in
VCAN 0.012 —2.23 0.000 3.50 both cisplatin-sensitive and cisplatin-resistant EOC cells.
CPLANE1 0018 -2.18 0.000 4.00 Importantly, we revealed that ALKBH5 was upregulated
cp 0019 -286 0.000 388 in cisplatin-resistant EOC cells and promoted cell resist-
KIF27 0019 905 0000 337 ance to cisplatin. Functional annotations based on the
CEP290 0004 o1s 0000 44 RNA-seq results suggested that ALKBH5 upregulation
was associated with DNA repair processes in cancer
GAB2 0025 v 0002 240 cells. Subsequently, we found that yH2AX expression
DsT 0025 —293 0.000 401 was significantly decreased in EOC cells with ALKBH5
HLA-L 0.027 —292 0.005 223 overexpression. This suggested that ALKBH5 could en-
PHIP 0.028 -2.20 0.000 438 hance DNA repairs of DNA double-strand break in-
SP100 0030 203 0002 234 duced by cisplatin. To our best knowledge, this study is
JAK2 0035 5 0000 335 the‘ first to report ALKBH5 upregulation‘ in cisplatin-
resistant EOC and the consequent promotion of cell re-
boPIA 0036 12 0.000 274 sistance from such upregulation.
ATAD2B 0037 —2.76 0.008 204 HOXA10 is a member of the homeobox gene family
HLA-L 0.045 —263 0.005 223 that acts as a TF in embryonic development. Aberrant
VCAN 0.047 —265 0.000 3.50 regulation of the homeobox family has been identified in
LRRC37A3 0047 87 0007 217 various cancers [34-36]. Our previous studies have de-
RSFT 0048 o4 0000 a8 termined the critical role of HOXA10 in ovarian cancer

In total 19 genes were found exhibited obvious decreased abundance of m6A
peaks (log2 (FC) < -2, p < 0.05), and displayed significantly discrepant
expression regulation (log2 (FC) > 2, p<0.05)

[18, 37, 38], and we have been exploring the role of
HOXA10 in female malignancies for a long time. How-
ever, studies on the role of HOXA10 in cisplatin-
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Fig. 5 ALKBH5-HOXA10 loop steadily promotes cell proliferation and resistance to cisplatin. (@ and b) CCK8 and EdU proliferation assays show
that using specific SiRNAs to respectively knock down HOXA10 or ALKBH5 expression in EOC cells with ALKBHS5 or HOXA10 expression could
significantly suppress cancer cell proliferation. (c and d) HOXA10 or ALKBH5 knockdown rescues resistance to cisplatin and DDR in EOC cells with
ALKBH5- HOXA10 loop overexpression
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resistant EOC are lacking. The results of RNA-seq
highlighted the importance of HOXA10, and further
analysis revealed its crucial role in facilitating chemore-
sistance in EOC. Moreover, we identified ALKBHS5-
HOXA10 as a positive feedback loop that could steadily
maintain each other’s upregulation. HOXA10 binding
on the “TAAA” region of ALKBH5 promotor enhanced
ALKBH5 transcription. Meanwhile, ALKBH5 could
interact with HOXA10 mRNA and maintain its
stabilization.

JAK2 functions as a prototypical kinase that phosphor-
ylates STAT3, which activates the JAK2/STAT3 signal-
ing pathway and promotes tumorigenesis and
progression in several cancer types [39]. Activation of
the JAK2/STAT3 signaling pathway was also proven to
contribute to chemotherapy resistance in several malig-
nancies, including EOC [40-42]. The m6A-dependent
regulation of SOCS3 and JAK2 mediated by YTHDEF1/
YTHDF2 has been demonstrated in pluripotent stem
cells [43]. However, to our best knowledge, no study has
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reported ALKBH5-mediated m6A demethylation of
JAK2 to date. Based on the MeRIP-seq results, we found
that ALKBH5 erased the m6A-modification of JAK2
mRNA 3'UTR. Thus, we further investigated the prob-
able reader that mediated m6A-JAK2 mRNA metabol-
ism and found that YTHDF2 could directly bind to
JAK2 mRNA and interact with its m6A motif, which
prevents the degradation of demethylated JAK2 mRNA.
YTHDF2 is a well-established m6A reader that can
weaken mRNA stability by interacting with m6A-
containing mRNAs [44]. These findings suggested that
ALKBH5 mediates JAK2 m6A demethylation in EOC
cells, which maintains JAK2 mRNA expression by lower-
ing YTHDF2-mediated mRNA degradation. These find-
ings revealed the underlying mechanism of ALKBHS5-
mediated JAK2 regulation EOC. By further performing
rescue assays, we subsequently confirmed the gene inter-
action of the ALKBH5-HOXA10 loop in cell prolifera-
tion and cisplatin resistance. Additionally, the critical
role of ALKBH5-HOXA10 loop in mediating JAK2 up-
regulation was further demonstrated in cell proliferation
and cisplatin resistance by down-regulating JAK2 ex-
pression or inhibiting JAK2/STAT3 signaling pathway.

This study has some limitations. As a well-known
m6A demethyltransferase, ALKBH5 usually regulates the
target gene expression in the m6A-dependent manner.
Our study demonstrated that ALKBH5 could bind to
HOXA10 and maintain mRNA expression. However, the
MeRIP-seq results showed no differentially enriched
m6A “peak” in HOXA10 mRNA after ALKBH5 overex-
pression. These findings suggest that ALKBH5 does not
influence HOXA10 in a direct m6A-dependent manner.
Thus, the exact molecular mechanism needs further
investigations.

In summary, our findings revealed that m6A modifica-
tion represents a novel mechanism of cisplatin resistance
in EOC. ALKBH5 was upregulated in cisplatin-resistant
EOC, and ALKBH5 overexpression promoted EOC cell
proliferation and resistance to cisplatin in vivo and
in vitro. HOXA10 was identified as a TF enhancing
ALKBHS5 transcription, and it could also be regulated by
ALKBHS5. Further, HOXA10 was found to play a role in
EOC resistance to cisplatin. Further analysis of the m6A
modification mechanism regulated by ALKBH5 showed
that JAK2 is the m6-modified gene targeted by ALKBH5.
ALKBHS5 overexpression maintained JAK2 mRNA stabil-
ity in a YTHDF2-mediated manner. Consistent upregu-
lation of the ALKBH5-HOXA10 loop promoted EOC
tumor growth and resistance to cisplatin by activating
the JAK2/STAT3 signaling pathway in the m6A-
dependent manner. Collectively, our results suggest that
inhibition of the expression of the ALKBH5-HOXA10
loop represents a potential strategy to overcome cis-
platin resistance in EOC.
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Additional file 11 Supplementary Fig. 1 ALKBH5 downregulation
inhibits cell resistance to cisplatin. (A) The mRNA expression of METTL3,
METTL14, WTAP and FTO is validiated in cisplatin-sensitive and cisplatin-
resistant EOC cells. (B) The transfection effieciency of specific SiRNAs tar-
geting ALKBHS in cisplatin-sensitive EOC cells. (C and D) CCK8 and EdU
proliferation assays demonstrate that ALKBH5 knockdown inhibits
cisplatin-sensitive EOC cell proliferation. (E) The transfection effieciency of
specific siRNAs targeting ALKBHS5 in cisplatin-resistant EOC cells. (F and G)
CCK8 and EdU proliferation assays demonstrate that ALKBH5 knockdown
also inhibits cisplatin-resistant EOC cell proliferation. (H) ALKBH5 knock-
down increases cell sensitivity to cisplatin. (I) yH2AX foci increases after
ALKBHS5 knockdown in cisplatin-resistant EOC cell.

Additional file 12 Supplementary Fig. 2 Functional analysis of RNA-
seq data. GO analysis based on RNA-seq data showed that DNA repair is
enriched in cells with ALKBH5 overexpression

Additional file 13 Supplementary Fig. 3 HOXA10 downregulation
inhibits cell resistance to cisplatin. (A) Correlation analyses in 57 surgical
EOC samples (top) and 426 EOC samples in TCGA database (bottom)
confirms that HOXA10 expression is positively correlated with ALKBH5
expression in EOC. (B and C) CCK8 and EdU assays demonstrate that
HOXA10 knockdown inhibits cisplatin-sensitive EOC cell proliferation. (D-
F) CCK8 and EdU assays demonstrate that HOXA10 knockdown inhibits
cisplatin-resistant EOC cell proliferation. (G) HOXA10 knockdown increases
EOC cell sensitivity to cisplatin. (H) yH2AX foci significantly increases after
HOXA10 knockdown in cisplatin-resistant EOC cell.

Additional file 14 Supplementary Fig. 4 ALKBH5 “erases” mo6A
modification in EOC cells and correlates with JAK2 expression. (A) m6A
dot-blot assay shows that ALKBH5 overexpression significantly decreases
the m6A modification level in EOC cells. (B) Correlation analyses of
ALKBHS5 and JAK2 expression in 57 EOC samples (left) and 426 EOC sam-
ples in TCGA database (right). (C) Correlation analyses of HOXA10 and
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JAK2 expression in 57 EOC samples (left) and 426 EOC samples in TCGA
database (right).

Additional file 15 Supplementary Fig. 5 JAK2 kncockdown
suppresses cell proliferation in EOC cells with ALKBH5 and HOXA10
overexpression. (A) The transfection effieciency of specific siRNAs
targeting JAK2 in cisplatin-sensitive EOC cells. (B and C) CCK8 proliferation
assay shows that JAK2 knockdown inhibits cell proliferation induced by
ALKBHS5 and HOXA10 overexpression. (D and E) EdU proliferation assay
shows that JAK2 knockdown inhibits cell proliferation induced by ALKBH5
and HOXA10 overexpression.

Additional file 16 Supplementary Fig. 6 JAK2 kncockdown
suppresses cell resistance to cisplatin in EOC cells with ALKBH5 and
HOXA10 overexpression. (A and B) JAK2 knockdown inhibits cell
resistance to cisplatin induced by ALKBH5 and HOXA10 overexpression.
(C and D) yH2AX foci significantly increases after JAK2 knockdown in EOC
cells with ALKBH5 and HOXA10 overexpression.

Additional file 17 Supplementary Fig. 7 Inhibition of the JAK2/STAT3
signaling pathway suppresses cisplatin resistance in EOC cells with
ALKBH5 and HOXAT10 overexpression. (A and B) WP1066 effectively
suppresses cancer cell proliferation in EOC cells with ALKBH5 and
HOXAT10 overexpression. (C and D) WP1066 effectively suppresses cancer
cell resistance to cisplatin and DDR in EOC cells with ALKBH5 and
HOXA10 overexpression.
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