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Summary

Purpose: Cervical cancer (CC) is the third most prevalent
malignancy in women. Frizzled class receptor 6 (FZDO) is
demonstrated to either activate or repress the activity of
Wnt/B-catenin pathway, a crucial signaling involved in
cancer development. However, the role of FZDG in CC is un-
known. The present study explored the function of FZD6 and
its mechanism in CC.

Methods: The levels of FZD6, HOXC13-AS were detected
in CC specimens and CC cell lines via qRT-PCR. Cell prolif-
eration and invasion was explored via CCK-8 assay, colony
formation assay and transwell assay. Luciferase reporter
analysis, FISH, subcellular fractionation, chromatin immu-
noprecipitation and RNA immunoprecipitation were per-
formed for investigating the molecular mechanism.

Results: FZD6 was up-regulated in CC. FZDG silence retard-
ed proliferation, invasion, and epithelial-to-mesenchymal

Introduction

Cervical cancer (CC) is recognized as the third
most prevalent malignancy in women globally, and
its mortality is high [1]. Although past decades wit-
nessed advancement in the treatment approaches
and diagnostic techniques for CC, the 5-year over-
all prognosis in CC patients is yet to be further
improved [2,3]. Hence, better understanding of CC
development is urgently required to improve the
therapies in CC patients.

transition (EMT), and inactivated Wnt/B-catenin. HOXC13
antisense RNA (HOXC13-AS) was up-regulated in CC and
positively correlated with FZD6. Mechanistically, HOCX13-
AS1 augmented FZD through cAMP-response element bind-
ing protein-binding protein (CBP)-modulated histone H3 on
lysine 27 acetylation (H3K27ac). Additionally, fat mass and
obesity-associated protein (FTO) reduced NG6-methyladeno-
sine (mGA) and stabilized HOXC13-AS in CC.

Conclusions: In conclusion, this study firstly showed that
FTO-stabilized HOXC13-AS epigenetically up-regulated
FZDG6 and activated Wnt/B-catenin signaling to drive CC
proliferation, invasion, and EMT, suggesting HOXC13-AS
as a potential target for CC treatment.

Key words: cervical cancer, FZD6, HOXC13-AS, H3K27ac,
mOA

Frizzled class receptors (FZD) are receptors
of the Wnt molecules, and regulate the activity
of Wnt/B-catenin signaling through Wnt binding
[4]. FZD receptors are dysregulated and deeply
involved in tumorigenesis, such as in colorectal
cancer and breast cancer [5,6]. FZD6, a member of
FZD family, is reported to present up-regulation
in multiple cancers [7-11]. Although some stud-
ies delineated that FZDG6 repressed Wnt/p-catenin
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[12], other studies argued that FZDG6 can activate
Wnt/B-catenin. For example, FZD6 interacted
with Wnt4 to activate Wnt/pB-catenin/LEF/TCF
signaling cascades [13]. Also, Chen et al showed
that IncFZD6 activated FZD6 transcription to
promote nuclear translocation of 3-catenin and
activate Wnt signaling, and suggested that the
function of FZD6 may vary depending on cell
types [14]. However, the implication of FZD6 in
CC is elusive.

Long non-coding RNAs (IncRNAs) are unceas-
ingly reported to be closely related to carcinogen-
esis of various cancer types [15-17]. As a group of
RNA transcripts (=200 bp) unable to be translated
into proteins [18], IncRNAs regulate functional
genes in cancer cells epigenetically [19], transcrip-
tionally [20], or post-transcriptionally [21]. Numer-
ous IncRNAs are identified to participate in cancer
progression, including CC [15,19]. HOXC13-AS was
identified as a carcinogene in breast cancer and
nasopharyngeal carcinoma [22,23]. Nevertheless,
association between HOXC13-AS and CC has never
been established.

N6-methyladenosine (m6A) is a common mod-
ification of mRNA in mammalians [24,25]. The m6A
modification influences mRNA processing in mul-
tiple aspects, such as RNA degradation, alternative
splicing, as well as translation [26,27]. Recent stud-
ies showed that m6A modification is responsible
for the dysregulation of IncRNAs [28,29]. Fat mass
and obesity-associated protein (FTO), a mO6A de-
methylase, is reported to be oncogenic in several
cancers such as pancreatic [30], breast [31], and
endometrial cancer [32]. Notably, a study showed
that FTO was up-regulated in CC and stabilized the
mRNA of B-catenin through reducing its moA level
[33]. However, whether FTO-mediated moOA influ-
enced HOXC13-AS expression remains unknown.
Hence, this study aimed to explore the role of FZD6
in CC.

Methods

Clinical samples

Written informed consent form was signed by all
patients, and the ethical approval was acquired from the
Ethics Committee of Xi’an No.3 Hospital (2013CN-SXX-
A3H-n0.M(C100542) (the Affiliated Hospital of Northwest
University). 52 CC and adjacent non-tumor tissue sam-
ples were collected from patients who did not receive ra-
diotherapy and chemotherapy before resection between
2013 and 2018. All samples were instantly preserved in
liquid nitrogen at -80°C.

Cell lines

CC cell lines (C33A, C4-1, HeLa, SiHa) and normal
cervical cell line (Crl-2614), from Chinese Type Culture
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Collection (Shanghai, China), were grown in Dulbecco’s
Modified Eagle’s Medium (DMEM) with 10% fetal bo-
vine serum (FBS) (Thermo Fisher Scientific, Waltham,
MA, USA) contusing antibiotics at 37°C in 5% CO,,.

Extraction of total RNA and real-time quantitative polymer-
ase chain reaction (qRT-PCR)

Total RNA was extracted from SiHa and HeLa
cells by TRIzol (Invitrogen, Carlsbad, CA, USA) for
synthesizing complementary deoxyribose nucleic acid
(cDNA) with Revert Aid First Strand cDNA Synthesis
Kit (Thermo Fisher, Waltham, MA, USA). gqRT-PCR was
performed with SYBR Green Master Mix (TaKaRa, To-
kyo, Japan), followed by 2-44¢ method for quantification.
The cycling conditions were: pre-denaturation at 95°C
for 10 min, 40 cycles of denaturation at 95°C for 15 s,
annealing at the appropriate temperature for 1 min and
extension at 72°C for 30 s. The specific primers were
listed as follows: Forward Primer for FZD6, 5’-ATGGC-
CTACAACATGACGTTT-3’, Reverse Primer for FZDO,
5’-GTTTACGACAAGGTGGAACCA-3’; Forward Primer for
FTO, 5-ACTTGGCTCCCTTATCTGACC-3’, Reverse Primer
for FTO, 5-TGTGCAGTGTGAGAAAGGCTT-3’; Forward
Primer for CBP, 5-TTCCTGTGCTCTAGTTGTGACA-3’,
Reverse Primer for CBP, 5-CACGTTCATCAGGTTCT-
CATGG-3’; Forward Primer for HOXC13-AS, 5’-GCCGTC-
TATACGGACATCCC-3’, Reverse Primer for HOXC13-AS,
5’-GGTAGGCGCAAGGCTTCTG-3'.

Cell transfection

Cells in 6-well plates were separately transfected with
various specific shRNAs and pcDNA3.1 vectors for 48 h
using Lipofectamine2000 (Invitrogen, Carlsbad, CA, USA).
The duplicate shRNAs for FZD6, HOXC13-AS, CBP, FTO,
and pcDNA3.1/CBP, pcDNA3.1/FZD0, as well as controls
(sh-NC and empty vector) were all produced by Gene-
Chem (Shanghai, China). The 5’-3" sequences of specific
shRNAs were listed as follows: sh-FZD6#1, 5'-GAGAGC-
GAGGGGCACGCCGAGAGCTCCG-3’, sh-FZD6#2, 5°-ACCCT-
GACCCGTCCCCGGCCCGCCCACG-3,sh-NC, 5°-CGGTGGGT-
TAGACGGGGACGGGAAGGGA-3’; sh-HOXC13-AS#1,
5-TCCGCTTGAGGAACCGGGATCTCCTGTC-3’, sh-
HOXC13-AS#2, 5'-CACCTACGTCCTCGTCGCTTCAGCAG-
TA-3’,sh-NC, 5-AAATCCGCCGGCTCCCGCTCTCCACCTC-3;
sh-CBP#1, 5-ACATTCCTTTTGCATCGCTTTTAACTCC-3’,
sh-CBP#2, 5-GAATCGTAGTGTTTCGCCTGTCCTTTCT-3’,
sh-NC, 5’-ATTAACTTTTCATTCCCGCATTATTAAT-3’; sh-
FTO#1, 5-ACACTCGTTCCTAGTCCCTTGGCCTTCC-3’, sh-
FTO#2, 5-CGTAGATAAGGAACCAATTTAAACAGCG-3,
sh-NC, 5’-ATAACAGCCCAGCTTCACAGATGAAGAA-3'.

Cell proliferation assay

For CCK-8 assay, 10 pL of cell counting kit-8 (CCK-8)
reagent (Dojindo, Kumamoto, Japan) was added and CC
cells were cultured in 96-well plates (1x10° cells/well)
for 2 h. The absorbance was monitored at 450 nm by
microplate reader.

For colony formation assay, CC cells in 6-well plates
were incubated for 14 days, and subjected to methanol
fixation and crystal violet staining. Colonies (>50 cells)
were defined as surviving colonies.
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Transwell invasion assay

CC cells were planted to the upper chamber of
Matrigel-coated transwell insert (Corning, Corning, NY,
USA), while complete medium was added to the lower
chamber. 48 h later, invasive CC cells were fixed and
stained with crystal violet, following counting under the
microscope.

Luciferase reporter analysis

To assay the Wnt/B-catenin signaling pathway ac-
tivity, TOP Flash and FOP Flash reporter vectors cov-
ering the wild-type or mutant TCF binding sites were
available from Addgene (Cambridge, MA, USA). SiHa
and HeLa cells were placed in 24-well plates for co-trans-
fecting for 48 h with the TOP/FOP Flash and indicated
transfection plasmids by using the Lipofectamine2000.
The transfection plasmids, including sh-FZD6#1/2 or
sh-NC group, sh-HOXC13-AS#1/2 or group, and sh-NC,
sh-HOXC13-AS#1, sh-HOXC13-AS#1 + pcDNA3.1 or sh-
HOXC13-AS#1 + pcDNA3.1/FZD6 group, were used for
assessing Wnt/B-catenin activity. Besides, CC cells were
co-transfected with pGL3 vector containing FZD6 pro-
moter, the pRL-TK-Renilla plasmid and sh-HOXC13-AS
and sh-NC. Luciferase activity was analyzed after trans-
fection by Luciferase reporter assay system (Promega,
Madison, WI, USA).

Western blotting

Cellular protein samples in radioimmunoprecipita-
tion assay (RIPA) buffer were electrophoresed on 10% so-
dium dodecyl sulphate-polyacrylamide gel electrophore-
sis (SDS-PAGE) and then transferred to polyvinylidene
fluoride (PVDF) membranes. The primary antibodies
including rabbit polyclonal anti-human B-catenin an-
tibody (ab2365), rabbit polyclonal anti-human H3 anti-
body (ab1791), mouse monoclonal anti-human GAPDH
antibody (ab9484), rabbit monoclonal anti-human c-Myc
antibody (ab32072), mouse monoclonal anti-human E-
cad antibody (ab14106), rabbit polyclonal anti-human N-
cad antibody (ab18203), rabbit polyclonal anti-human
MMP2 antibody (ab97779), rabbit polyclonal anti-hu-
man MMP7 antibody (ab5700), rabbit polyclonal anti-
human FZD6 antibody (ab98933), rabbit polyclonal anti-
human CBP (ab42389) antibody, and secondary antibody,
were acquired from Abacm (Cambridge, MA, USA). All
signals were assayed by ECL detection system (Amer-
sham Pharmacia, Piscataway, New Jersey, USA).

FISH

RNA FISH probe for HOXC13-AS was synthesized
by RiboBio (Guangzhou, China). Nuclei were counter-
stained with 4’,6-diamidino-2-phenylindole (DAPI) (Ri-
boBio, Guangzhou, China) then analyzed by confocal
microscope.

Subcellular fractionation

Using Cytoplasmic-Nuclear RNA Purification Kit
(Norgen, Belmont, CA, USA), cytoplasm and nucleus of
CC cells were isolated and finally detected by qRT-PCR.
GAPDH served as the cell cytoplasm indicator, while U6
served as the cell nucleus indicator.

Chromatin immunoprecipitation (ChIP)

Cell samples were first crosslinked for 10 min in
4% (v/v) formaldehyde at room temperature. Chromatin
DNA was then re-suspended in the lysis buffer and soni-
cated for immunoprecipitation with specific antibodies
on the magnetic beads. IgG antibody acted as negative
control. After washing and de-crosslinking, quantifica-
tion of precipitates was conducted by gRT-PCR.

RNA immunoprecipitation (RIP)

Using Magna RIP Kit (Millipore, Billerica, MA,
USA), RIP assay was performed. 1x107 cultured CC cells
were rinsed in PBS and lysed in the RIP lysis buffer add-
ing the protease inhibitor and RNase inhibitor. 100 pL of
cell lysates were cultured with the RIP buffer adding the
magnetic beads bound with anti-m6A (ab208577), anti-
CBP (ab42389), anti-BRG1 (ab110641), positive control
anti-SNRNP70 (03-103; Millipore, Billerica, MA, USA)
or negative control anti-IgG (ab205719). After digestion,
the precipitated RNAs were assessed by qRT-PCR.

Statistics

Data were analyzed by SPSS 18.0 (Chicago, Illinais,
USA) as mean + SD (standard deviation) from independ-
ent triplicates. Gene correlation was examined by Pear-
son’s method. Student’s t-test and analysis of variance
(ANOVA) were used for group comparison, with thresh-
old of p<0.05.

Results

Expression and biological function of FZDG6 in CC

First, TCGA datasets revealed that FZDG6 level
was elevated in cervical squamous cell carcinoma
and endocervical adenocarcinoma (CESC) samples
(Figure 1A). Accordingly, qRT-PCR data verified the
up-regulation of FZD6 in CC specimens (Figure
1B). Besides, CC cell lines presented higher FZD6
level than normal cells (Figure 1C). Next, we in-
terrogated the biological impacts of FZD6 in CC
cells. According to qRT-PCR data, FZD6 was overtly
silenced in SiHa and HeLa cells which expressed
high FZDG6 level (Figure 1D). Proliferation and
invasion in CC cells were abrogated upon FZD6
silence (Figures 1E-1G). The migration declined
due to decrease of FZDG as well (Supplementary
Figure 1A). Since FZDG6 is documented to activate
Wnt/B-catenin to exert oncogenic effects [14], we
examined its influence on Wnt/B-catenin in CC
cells. The activity of Wnt/p-catenin declined upon
FZD6 knockdown (Figure 1H). The nuclear level of
[B-catenin dropped under FDZ0 silence with the ac-
cumulation of B-catenin in cytoplasm (Figure 1I &
Supplementary Figure 1B). Effectors downstream
Wnt/B-catenin including c-Myc, N-cadherin (N-
cad), MMP2, and MMP7 decreased, whereas E-cad-
herin (E-cad) increased under FZD6 silence (Figure
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Figure 1. Expression and biological function of FZD6 in CC. A: FZDG6 level in CESC tissues of TCGA datasets. B-C: RT-
gPCR analyses FZDO0 level in CC tissues and CC cell lines. D: RT-qPCR data of the silence of FZD6 in SiHa and HelLa
cells. E-G: Proliferation and invasion of CC cells were tested by CCK-8, colony formation and Transwell assays. H: TOP-
flash analysis of Wnt/B-catenin activity under FDZ6 silence. I: Western blot of nuclear and cytoplasmic -catenin in CC
cells upon FZD6 knockdown. J: Western blotting of effectors downstream Wnt/B-catenin including c-Myc, E-cad, N-cad,
MMP2, and MMP?7. *p<0.05; **p<0.01.
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Figure 2. HOXC13-AS up-regulated FZD6 and facilitated proliferation, invasion, and Wnt/B-catenin activity in CC.
A-B: 27 IncRNAs up-regulated in CESC tissues from bioinformatics tools were subjected to RT-qPCR analysis in CC tis-
sues. C-F: HOXC13-AS presented up-regulation and positive correlated with FZD6 in CESC samples of TCGA and in CC
tissues. G: RT-gPCR data of HOXC13-AS Up-regulation in CC cell lines. H: RT-qPCR data of HOXC13-AS knockdown in
HeLa and SiHa cells. I: FZD6 mRNA and protein levels under HOXC13-AS depletion. J-L: Growth curve and representa-
tive pictures and quantification of colony formation and invasion of CC cells upon HOXC13-AS depletion were displayed.
M-N: TOP-flash activity of Wnt/B-catenin and the nuclear translocation of -catenin. “ab c¢” stand for sh-NC, sh-HOXC13-
AS#1 and sh-HOXC13-AS#2. O: Western blots of c-Myc, E-cad, N-cad, MMP2, and MMP7 upon HOXC13-AS silence.
*p<0.05; **p<0.01. Here “a b ¢” stands for sh-NC, sh-HOXC13-AS#1 and sh-HOXC13-AS#2.
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1] & Supplementary Figure 1C & Supplementary
Figure 1D). Together, FZD6 was up-regulated in CC
and silencing FZD6 reduced proliferation, invasion,
and Wnt/B-catenin activity in vitro.

HOXC13-AS up-regulated FZDG6 and facilitated pro-
liferation, invasion, and Wnt/B-catenin activity in CC

Thereafter, we interrogated the mechanism un-
derlying FZD6 up-regulation in CC. LncRNAs are
widely known as pivotal modulators of gene ex-
pression in cancer [19-21]. We analyzed the TCGA
datasets to identify the significantly up-regulated
IncRNAs in CESC samples (p<0.05, log2FC>1) and
compared the data in two bioinformatics websites
GEPIA2 (http://gepia.cancer-pku.cn/index.html)
and circlncRNAnet (http://120.126.1.61/circlnc/
circlncRNAnet/IncRNA_TCGA/index.php). Conse-
quently, 27 IncRNAs up-regulated in CESC were
sorted out (Figure 2A). Through qRT-PCR, we ob-
served that among 27 candidates, CDKN2B-AS1,
HOXC13-AS, and MIR205HG were the top-3 up-reg-
ulated IncRNAs in CC tissues (Figure 2B). However,
only HOXC13-AS presented positive relation with
FZD6 in CESC samples referring to TCGA data (Fig-
ure 2C). Up-regulation of HOXC13-AS in TCGA data
was presented in Figure 2D, and confirmed in CC
tissues via RT-gPCR (Figure 2E). Later, we validated
the positive correlation between HOXC13-AS and
FZDO6 in CC tissues (Figure 2F). High HOXC13-AS
level in CC cell lines was observed (Figure 2G). qRT-
PCR experiment verified HOXC13-AS knockdown in
HeLa and SiHa cells (Figure 2H). We monitored
that FZD6 mRNA and protein levels dropped with
HOXC13-AS knockdown (Figure 2I). Functionally,
HOXC13-AS depletion impeded proliferation and
invasion along with migration in CC cells (Figure
2J-2L & Supplementary Figure 1E). Moreover, abla-
tion of HOXC13-AS inactivated Wnt/B-catenin and
prevented the nuclear translocation of 3-catenin
(Figure 2M-2N & Supplementary Figure 1F). Lev-
els of c-Myc, N-cad, MMP2 and MMP7 decreased,
whereas E-cad increased upon HOXC13-AS silence
(Figure 20 & Supplementary Figure 1G).

HOXC13-AS induced H3K27ac on FZDG6 promoter
through interacting with CBP

Subsequently, we searched how HOXC13-AS
up-regulated FZD6 in CC cells. FISH and subcel-
lular fractionation depicted the localization of
HOXC13-AS mainly in nucleus (Figure 3A). Hence,
we tried to assess whether HOXC13-AS influenced
FZDO6 transcription. Expectedly, HOXC13-AS de-
pletion reduced luciferase activity of FZD6 pro-
moter (Figure 3B). UCSC genome browser (http://
genome.ucsc.edu/) showed H3K27ac enrichment
at CpG island of FZD6 promoter (Figure 3C). So we
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deduced that HOXC13-AS regulated FZDG6 epige-
netically through H3K27ac. ChIP analysis showed
that silencing HOXC13-AS reduced the abundance
of FZDG6 promoter in H3K27ac precipitates (Figure
3D). It has been reported that IncFZD6 interacted
with BRG1 to regulate H3K27ac at FZD6 promoter
[14], so we wondered whether HOXC13-AS regu-
lated FZDG6 through this way. However, RIP assay
showed that HOXC13-AS was not enriched in the
binding complex of BRG1 (Figure 3E). Besides
BRG1, CBP is a well-known histone acetyltrans-
ferase regulating H3K27ac [34]. Interestingly, RIP
showed enrichment of HOXC13-AS in CBP precipi-
tates (Figure 3E). Hence, we deduced that HOXC13-
AS interacted with CBP to induce H3K27ac of FZD6.
We used qRT-PCR analysis to find CBP expression
was diminished due to sh-HOXC13-AS#1/2 trans-
fected into SiHa and HeLa cells (Supplementary
Figure 1H). We confirmed that CBP knockdown sig-
nificantly reduced the mRNA and protein of CBP
and FZDO6 (Figure 3F). ChIP analysis revealed that
pcDNA3.1/CBP stabilized the repressive effect of
sh-HOXC13-AS#1 on the enrichment of H3K27ac
and CBP on FZD6 promoter (Figure 3G). FZD6 ex-
pression was reduced by sh-HOXC13-AS#1 and was
restored by pcDNA3.1/CBP (Figure 3H).

FTO-stabilized HOXC13-AS facilitated CC cell prolif-
eration, invasion and Wnt/B-catenin activity through
FZDG6

Furthermore, we investigated how HOXC13-AS
was up-regulated in CC. mGA modification is re-
ported to influence IncRNA expression [28,29]. The
mOA RIP delineated that m6A level of HOXC13-AS
was lower in CC cells than normal cells (Figure
4A). A previous study reported that FTO, the m6A
eraser, was up-regulated in CC and reduced m6A
level of B-catenin mRNA in CC cells to induce its
stability [33]. Therefore, we speculated that FTO
was responsible for HOXC13-AS up-regulation.
Concordantly, we confirmed FTO up-regulation
in CC specimens and its positive correlation with
HOXC13-AS (Figure 4B). Up-regulation of FTO in
CC cell lines was verified (Figure 4C). Silencing
FTO reduced FTO and HOXC13-AS expressions in
CC cells (Figure 4D). The mOA level on HOXC13-AS
increased upon FTO depletion (Figure 4E). After
ActD treatment, the half-life of HOXC13-AS was
shortened by FTO silence (Figure 4F). These data
suggested that FTO stabilized and up-regulated
HOXC13-AS by reducing mo6A.

Finally, we looked whether FZD6 was required
for the modulatory function of HOXC13-AS in CC.
We confirmed that pcDNA3.1/FZD6 restored mRNA
and protein of FZD6 reduced by sh-HOXC13-AS#1
(Figure 4G). FZD6 overexpression recovered the
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Figure 5. Graphical abstract. FTO-stabilized IncRNA HOXC13-AS epigenetically up-regulated FZD6 and activated Wnt/B-
catenin signaling to drive cervical cancer proliferation, invasion and EMT.

activity of Wnt/B-catenin and downstream effec-
tors inhibited by HOXC13-AS (Figure 4H-4I). Pro-
liferation and invasion as well as migration re-
duced by sh-HOXC13-AS1#1 were recovered by
pcDNA3.1/FZD6 (Figure 4J-4L & Supplementary
Figure 2A-2H). Then, we assumed whether FTO
could regulate the expression of FZD6 and Wnt/j3-
catenin signaling. Data of RT-qPCR and TOP/FOP-
flash luciferase report assays revealed that FZD6
expression and the activity of Wnt/B-catenin were
reduced by FTO down-regulation (Supplementary
Figure 21-2]).

Discussion

FZDG6 is demonstrated as either activator or
suppressor of Wnt/B-catenin pathway [12-14]. A
previous study suggested that the function of FZD6
on canonical Wnt signaling may depend on cell
type [14]. Hence, we were prompted to investigate
how FZD6 functioned in CC. TCGA data and RT-
gPCR analysis showed the up-regulation of FZD6 in
CC, indicating its participation in CC. Functionally,
FZD6 knockdown reduced proliferation, invasion
and Wnt/p-catenin activity in CC cells, indicating
that FZDG6 served as an oncogene via positively af-
fecting Wnt/B-catenin in CC.

LncRNAs are increasingly becoming a research
hot-spot in cancer progression for their multilevel
regulation on gene expression and potential to be
therapeutic targets in cancers [19,20]. Previous

studies showed that HOXC13-AS exerted carci-
nogenic functions in breast and nasopharyngeal
cancers [22,23]. Herein, we firstly revealed that
HOXC13-AS was up-regulated and positively re-
lated to FZD6 in CC according to TCGA and RT-
gPCR data, indicating it as a potent regulator of
FZD6. Mechanistically, we demonstrated that
FZD6 was induced by H3K27ac, a kind of histone
post-translational modification [35]. Previous stud-
ies showed that IncFZD6 induced H3K27ac on
FZDO6 through BRG1 [14]. However, we found that
HOXC13-AS could not interact with BRG1. Instead,
we firstly identified the interaction between CBP
and HOXC13-AS. CBP is a histone acetyltransferase
(HAT) which works with its highly homologous
paralog EP300 to regulate chromatin remodeling
and activate certain oncogenes in cancers [36-38].
Our study firstly showed that HOXC13-AS inter-
acted with CBP to induce H3K27ac on FZD6.

Moreover, we showed that HOSX13-AS was
stabilized by FTO, an mOA eraser in CC. The m6A
modification is reported to improve or abrogate
mRNA stability [26,27]. Formerly, a study showed
that IncRNA RP11 was stabilized by inducing
moOA level [28]. However, another study showed
that FTO, the mO6A eraser, was up-regulated in CC
and reduced mOA level of CTNNBI1 to stabilize
its mRNA [33]. We firstly revealed that mGA level
of HOXC13-AS was reduced in CC cells and that
FTO reduced mG6A on HOXC13-AS to improve its
stability.
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Conclusions

In conclusion, our study firstly illustrated that

FTO-stabilized IncRNA HOXC13-AS epigenetically
up-regulated FZD6 and activated Wnt/B-catenin
signaling to drive cervical cancer proliferation, in-
vasion, and EMT (Figure 5), indicating that FZD6
acted as an oncogene in CC and suggesting HOXC13-
AS as a novel potential target for CC treatment.
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Supplementary Figure 1. A: Transwell assays were constructed to assess migratory capacities in cells transfected
with sh-FZD6#1/2. B-C: Quantification of western blotting images was shown. D: Immunofluorescence of EMT process
of CC cells after FZD6 knockdown. E: Transwell assays were performed to evaluate migration in cells transfected with
sh-HOXC13-AS1#1/2. F-G: Quantification of western blotting images was shown. H: RT-qPCR was set up to measure
CBP expression in cells transfected with sh-HOXC13-AS#1/2. *p<0.05; **p<0.01.
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Supplementary Figure 2. A-H: Additional rescue assays in HeLa cell were assessed. I: FZD6 expression was exam-
ined in cells transfected with sh-FTO#1/2 by RT-qPCR. J: TOP-FOP flash analysis of Wnt/B-catenin activity under FTO

silence. **p<0.01.
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