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Abstract

was dug out through mechanism experiments.

mediated WNT pathway.

Background: Recently, extensive studies unveiled that IncRNAs exert critical function in the development and pro-
gression of cervical cancer (CC). EGFR-AS1 is a novel IncRNA which has not been well-explored in CC.

Aims: Our study aimed to research the function and molecular mechanism of EGFR-AST in CC cells. gRT-PCR analysis
was performed to detect gene expression. Colony formation, EdU, flow cytometry, TUNEL, western blot and transwell
assays were performed to assess the effect of EGFR-AS1T on CC cell growth. The regulatory mechanism of EGFR-AST

Results: EGFR-AS1 was notably overexpressed in CC cell lines. Loss-of-functional experiments revealed that EGFR-
AS1 promoted CC cell proliferation, migration and invasion, and suppressed cell apoptosis. Mechanistically, up-regu-
lation of EGFR-AS1 was attributed to the activation of H3K27 acetylation (H3K27ac). Further, EGFR-AS1 was revealed to
function as miR-2355-5p sponge. Additionally, miR-2355-5p was down-regulated in CC cells and ACTN4 was identified
as a target gene of miR-2355-5p. Ultimately, overexpressed ACTN4 could reserve the suppressive role of EGFR-AS1
silencing in CC cell growth. Last but not least, EGFR-AS1 facilitated CC cell growth via ACTN4-mediated WNT pathway.

Conclusions: H3K27ac-activated EGFR-AS1 sponged miR-2355-5p and promoted CC cell growth through ACTN4-
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Background

As a common malignant gynecologic cancer, cervical
cancer (CC) is considered as the major cause of mortal-
ity associated with cancers among female population
[1]. Therapeutic approaches, such as surgery, radiother-
apy and chemotherapy, have been improved in recent
years; nevertheless, the long-term survival rate of CC
patients is still unsatisfied with a high rate of recurrence,
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and metastatic CC is incurable [2]. Hence, it’s urgent to
explore the potential molecular mechanisms underlying
CC progression and develop the new therapeutic inter-
vention for the patients who suffered from CC.

Recently, non-coding RNAs (ncRNAs) have been iden-
tified as novel biomarkers of diagnosis or underlying
targets of therapy in diverse cancers [3]. Importantly,
long non-coding RNAs (IncRNAs), a subtype of ncR-
NAs, was limited to encode proteins and longer than
200 nucleotides in length [4]. They have been reported
to be expressed aberrantly and played the pivotal role
in biological courses. Increasing studies manifested that
IncRNA are frequently dysregulated in multiple can-
cer types, and a series of IncRNAs are related to cancer
recurrence and unfavorable prognosis [5]. For example,
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IncRNA-PRLB has been uncovered as a novel IncRNA
in breast cancer and expressed at a high level in cancer
cells, and patients with high PRLB level present a shorter
survival time [6]. LncRNA MT1JP has been identified as
a tumor inhibitor in gastric cancer and suppresses cell
proliferation and migration by targeting miR-214-3p/
RUNX3 [7]. Another evidence suggests that LncRNA
SNHGI1 plays an oncogenic role in lung cancer and
boosts cell proliferation and invasion via sponging miR-
145-5p and up-regulating MTDH [8]. In recent years,
research work regarding the relation between IncRNAs
and CC has been accumulated [9, 10]. Importantly, bio-
logical role and underlying mechanisms of dysregulated
IncRNAs has also unearthed in CC progression [11, 12].
However, it is still needed to make more efforts for seek-
ing out the extra biomarkers for the patients with CC.
LncRNA EGFR antisense RNA 1 (EGFR-AS1) has been
proposed to work as a tumor facilitator in gastric cancer
[13] and renal cancer [14], whereas its functional role
and potential molecular mechanism have not been well
explored in CC.

This research was performed to detect the expression
level of EGFR-AS1 in CC cell and explored its functional
effect on multiple biological behaviors of CC cells. Addi-
tionally, this study also tried to figure out the molecular
mechanism of EGFR-AS1 in CC cells. These findings
might provide a meaningful theoretical basis for explor-
ing therapeutic methods for CC patients.

Results

EGFR-AS1 is highly expressed in CC cells and EGFR-AS1
knockdown hampers CC cell growth

To probe the expression pattern of EGFR-AS1 in CC,
we detected its expression in CC cell lines (SiHa, CaSki,
ME-180 and C4-1) and human normal cervical cell line
(Ectl/E6E7) using qRT-PCR. The results indicated that
EGFR-AS1 was overtly up-regulated in CC cell lines
compared with Ectl/E6E7, especially in SiHa and CaSki
cell lines (Fig. 1a). Later, we verified the functional role of
EGFR-AS1 in CC via loss-of-function assays. Before the
experiments, we stably silenced EGFR-ASI expression in
SiHa and CaSki cells by transfecting sh-EGFR-AS1#1/2
(Fig. 1b). Colony formation and EdU assays demonstrated
that EGFR-ASI silencing repressed the proliferation of
SiHa and CaSki cells (Fig. 1c, d). Then, cell apoptosis was
estimated in flow cytometry analysis and TUNEL assay. It
was displayed that the apoptosis of SiHa and CaSki cells
was stimulated upon EGFR-AS1 knockdown (Fig. 1e, f).
Subsequently, the effect of EGFR-AS1 on CC cell migra-
tion and invasion was evaluated. Western blot assay
elucidated that the levels of migration-related proteins
(MMP2 and MMP9) were decreased by sh-EGFR-AS1
transfection in SiHa and CaSki cells (Fig. 1g). Through

Page 2 of 12

transwell assay, we observed that the knockdown of
EGFR-AS]1 suppressed the invasion of SiHa and CaSki
cells (Fig. 1h). In brief, EGFR-ASI is highly expressed in
CC cells and EGFR-AS1 knockdown hampers CC cell
growth.

EGFR-AS1 is induced by CBP-mediated H3K27ac in CC cells

Later, we explored the mechanism of EGFR-AS1 up-reg-
ulation in CC cells. Existing studies implied that IncRNAs
could be activated by H3K27ac at the transcriptional level
[15, 16]. Using UCSC (http://genome.ucsc.edu/), high
enrichment of H3K27ac was presented at EGFR-AS1
promoter region, and the amplified region in the follow-
ing ChIP assay was also displayed (Fig. 2a). Therefore, we
postulated that EGFR-AS1 up-regulation was caused by
H3K27ac at its promoter region. To test this speculation,
we tested the level of H3K27ac on EGFR-AS1 promoter
in CC cell lines (SiHa and CaSki) and normal cervical cell
line (Ectl/E6E7). It was found that SiHa and CaSki cell
lines presented a higher level of H3K27ac than Ect1/E6E7
cell line (Fig. 2b). Later, C646, histone acetyltransferase
(HAT) inhibitor, was utilized to treat CC cells, and we
found that EGFR-AS1 expression was reduced in C646
treated cells in comparison of cells treated with DMSO
(Fig. 2c). Above results pointed out that EGFR-AS1 was
up-regulated because of H3K27ac. It is well known that
CBP plays a critical role in histone acetylation and gene
transcription [17]. Hence, we investigated whether CBP
mediated the binding of H3K27ac at the promoter region
of EGFR-AS1. High CBP expression in CC cell lines was
affirmed by qRT-PCR (Fig. 2d). Then, we knocked down
CBP mRNA and protein expressions in SiHa and CaSki
cells (Fig. 2e). Further, we found that EGFR-AS1 expres-
sion was decreased in CBP silenced cells (Fig. 2f). In
addition, results of ChIP assay demonstrated the notable
enrichment of EGFR-AS1 promoter in CBP precipitates
(Fig. 2g), indicating the binding of CBP to EGFR-AS1
promoter. Importantly, we confirmed that CBP silencing
weakened the interaction between H3K27ac and EGFR-
AS1 promoter (Fig. 2h). Taken all together, EGFR-ASI is
induced by CBP-mediated H3K27ac in CC cells.

EGFR-AS1 functions as miR-2355-5p sponge

LncRNAs are widely reported to exhibit regulatory func-
tions via participating in competing endogenous RNA
(ceRNA) network in the cytoplasm of cancer cells [18,
19]. To confirm EGFR-ASI localization in CC cells, we
conducted subcellular fractionation and FISH experi-
ments. The result disclosed the chief localization of
EGFR-ASI in the cytoplasm (Fig. 3a, b). Using DIANA
(http://carolina.imis.athenainnovation.gr/diana-tools/
web/index.php?r=Incbasev2/index), 7 potential miR-
NAs (score>0.9) were obtained for EGFR-AS1 (Fig. 3c).
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Fig. 1 EGFR-AS1 is highly expressed in CC cells and EGFR-AST knockdown hampers CC cell growth. a EGFR-AST expression in CC cell lines and
human normal cervical cell line was detected by gRT-PCR. b The transfection of sh-EGFR-AS1#1/2 was detected via gRT-PCR. ¢, d Colony formation
and EdU assays were performed to evaluate the effect of EGFR-AS1 knockdown on CC cell proliferation. e, f The apoptosis in EGFR-AS1 silenced cells
was tested via flow cytometry analysis and TUNEL assay. g, h Western blot assay and transwell assay were carried out for assessing cell migration
and invasion. *P < 0.05; **P <0.01. Scale bar 100 um

RNA pull down assay confirmed only miR-2355-5p could
potentially interact with EGFR-ASI1 in SiHa and CaSki
cell lines (Fig. 3d). In addition, miR-2355-5p showed
a low expression level in CC cells (Fig. 3e). RIP assay
manifested that both EGFR-AS1 and miR-2355-5p were
remarkably precipitated by Ago2 antibody (Fig. 3f). Then,
the binding sequence of miR-2355-5p on EGFR-AS1

was predicted and mutant binding site was constructed
(Fig. 3g). As shown, miR-2355-5p expression was elevated
in SiHa and CaSki cells with the transfection of miR-
2355-5p mimics (Fig. 3h). From luciferase reporter assay,
we observed that miR-2355-5p up-regulation merely less-
ened the luciferase activity of EGFR-AS1-WT (Fig. 3i). To
sum up, EGFR-AS] functions as miR-2355-5p sponge.
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Fig. 2 EGFR-AS1 is induced by CBP-mediated H3K27ac in CC cells. a The enrichment of H3K27ac at EGFR-AS1 promoter region and the amplified
region were predicted by UCSC database. b H3K27ac level in SiHa, CaSki and Ect1/E6E7 cells at EGFR-AST promoter region was confirmed by ChIP
assay. ¢ EGFR-AST expression in CC cells transfected with C646 or DMSO was detected by gRT-PCR. d CBP expression in CC cell lines and human
normal cervical cell line was detected by gRT-PCR. @ CBP mRNA and protein levels were evaluated in sh-CBP transfected cells through gRT-PCR and
western blot assays. f gqRT-PCR was utilized for evaluating the effect of CBP depletion on EGFR-AST expression. g ChiP assay was performed to assess
CBP enrichment at EGFR-AST promoter region. h The binding of H3K27ac to EGFR-AST promoter in sh-CBP group or sh-NC group was determined
by ChIP assay. *P < 0.05; **P < 0.01

ACTN4 is identified as the target of miR-2355-5p

Next, we sought the target gene of miR-2355-5p in
the regulation mechanism. Using prediction data-
bases (microT, miRmap, and RNA22), 3 targets of
miR-2355-5p were found (Fig. 4a). Through qRT-
PCR analysis, we observed that expression of ACTN4
was lifted in CC cells while LAMA1 was down-regu-
lated and TM4SF1 didn’t show expression difference
(Fig. 4b). RIP assay further revealed the co-existence of

EGFR-AS1, miR-2355-5p and ACTN4 in Ago2 group
(Fig. 4c). As Fig. 4d presented, wild-type/mutant bind-
ing sites of ACTN4 for miR-2355-5p were predicted.
Then, EGFR-AS1 expression was up-regulated for the
follow-up experiments by transfecting overexpres-
sion plasmid (Fig. 4e). Through luciferase reporter
assay, we viewed that EGFR-AS1 overexpression
recovered the reduced ACTN4-WT luciferase activ-
ity in miR-2355-5p up-regulated cells while that of



Li and Wang Biology Direct (2022) 17:3 Page 5 of 12
A nucleus
150 cytoplasm Hoechst EGFR-AS1
< SiHa CaSki Gene miRNA Score
S04 — — T -~ T T EGFR-AS1 miR-6745 0.984
ke . EGFR-AS1 miR-7703 0.961
S T - ok EGFR-AS1 miR-2355-5p 0.936
5 50- EGFR-AS1 miR-4739 0.922
o EGFR-AS1 miR-6813-5p 0.921
g == = EGFR-AS1 miR-1299 0.914
N EGFR-AS1 miR-1321 0.903
N o0 (PO
O W0 pSN SO
P 0 T
?/C')
- 3
D EGFR-AS1 no-biotin probe EGFR-AST no-biotin probe | 4
EGFR-AS1 biotin probe EGFR-AS1 biotin probe cu:))
60 60 *x & 1.5
€ ok SiHa b= T CaSki g
*%k E
£ [ g 5
- - O -
5 40 S 40 o < 1.0
5 5 [ 2
[} o o
2 20 2 20+ S 0.5+
© © )
: : - N ﬂ
_ - - - ©
O D PR D R P O P PR D R oD g o N2 X A p
,1“@,110 (g @,u1% N @\@9’@\‘5@ S 1 See® S »\’5'6 2 \%‘L & (,,6?/ N X
<& RSSO PRI (o
F l9G I9G G
120- A902 1001 *% Agoz
- »  SiHa = | caski
é 90- é 80 EGFR-AS1-WT: CAGACAGUGGACCCUCAGUAUCUGGGGAA
5 P e ** T
E 604 £ T miR-2355-5p: AACA  GGUAACAUAGACCCCUA
o o 40-
-% 304 2 EGFR-AS1-Mut: CAGACAGACGACGGUCACAUAGACCCCUA
© < 20
o 14
0 01— —
EGFR-AS1 miR-2355-5p EGFR-AS1 miR-2355-5p
H NC mimics o I NC mimics NC mimics
_ mImiR-2355-5p mimics o 15- "miR-2355-5p mimics . ==miR-2355-5p mimics
G *x = SiHa s CaSki
5. o T 3 3
22 20 1 2 104 [ T 2 104 [ 1 T
018 o o
%‘m g *% g
g S S
2°E 10+ i 0.5+ L i 0.5- -
kS 2 2
i 3 3
= —— X 0.0 X 0.0
SiHa  CaSki EGFR-AS1 EGFR-AS1 EGFR-AS1 EGFR-AS1

-WT -Mut

-WT -Mut
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ACTN4-MUT was not affected (Fig. 4f). Subsequently, = EGFR-AS1 enhances CC cell growth via up-regulating

it was delineated that ACTN4 mRNA and protein lev- ACTN4

els were alleviated by transfecting miR-2355-5p mim-  To verify the role of EGFR-AS1/ACTN4 axis in CC
ics or sh-EGFR-AS1#1 via qRT-PCR and western blot  cell growth, we carried out functional experiments
(Fig. 4g, h). To be concluded, ACTN4 is identified as in a rescue manner. Firstly, ACTN4 expression was
the target of miR-2355-5p. augmented in SiHa cells (Fig. 5a). Based on colony
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Fig.5 EGFR-AS1 enhances CC cell growth via up-regulating ACTN4. a Transfection efficiency of pcDNA3.1/ACTN4 (labeled as ACTN4) in SiHa
cells were examined by qRT-PCR. b, ¢ The proliferation was analyzed by colony formation and EdU assays in SiHa cells transfected with sh-NC,
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with the transfection of sh-NC, sh-EGFR-AS1#1 and sh-EGFR-AS1#1 + ACTN4. **P <0.01. Scale bar: 100 um

formation and EdU assays, the suppressed prolifera-
tion was noticed in EGFR-AS] silenced cells, whereas
ACTN4 overexpression abolished this effect (Fig. 5b,
c). Via flow cytometry analysis and TUNEL assay, the
induced apoptosis by sh-EGFR-AS1#1 was impaired by
overexpressed ACTN4 (Fig. 5d, e). Western blot assay
uncovered that ACTN4 up-regulation abrogated the
decreased migration-related protein levels in EGFR-
AS1 down-regulated cells (Fig. 5f). Moreover, the sup-
pressive effect of EGFR-AS] silencing on cell invasion
was found to be neutralized by up-regulated ACTN4 in
transwell assay (Fig. 5g). Namely, EGFR-AS1 enhances
CC cell growth via up-regulating ACTN4.

EGFR-AS1 activates ACTN4-mediated WNT pathway in CC
cells

ACTN4 was previously reported to enhance CC cell
proliferation by promoting WNT pathway activation
[20]. Here, we silenced ACTN4 expression in CC cells
(Fig. 6a), and found that the downstream gene expres-
sions (CTNNB]I, cyclin D1 and c-myc) of WNT pathway
declined (Fig. 6b). Besides, the nuclear translocation of
CTNNBI1 (B-catenin) was also lessened upon ACTN4
knockdown (Fig. 6¢). TOP/FOP flash assay unveiled the
repressive role of sh-ACTN4#1 in WNT pathway activ-
ity (Fig. 6d). Above data suggested that ACTN4 affected
WNT pathway in CC cells. In this study, ACTN4 was
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found to involve in EGFR-ASI1-mediated ceRNA net-
work. Thus, the regulatory role of EGFR-AS1 in WNT
pathway was further analyzed. Firstly, the levels of WNT
pathway downstream genes were detected in sh-EGFR-
AS1#1 transfected cells. As a result, the mRNA and
protein levels of CTNNBI1 (B-catenin), cyclin D1 and
c-myc were attenuated by sh-EGFR-AS1#1 transfection
(Fig. 6e, f). In addition, EGFR-AS1 depletion refrained
the nuclear translocation of CTNNB1 (B-catenin) of CC
cells (Fig. 6g, h). Furthermore, the activity of WNT path-
way was impaired by EGFR-AS] silencing (Fig. 6i). For
further study, we used WNT pathway activator (LiCl) to
carry out rescue experiments. As we observed, the treat-
ment of LiCl recovered the effect of sh-EGFR-AS1#1 on
CC cell proliferation, apoptosis and invasion (Fig. 6j-1).
Based on recent literature, CHIR99021 is known as
GSK-3p inhibitor and WNT activator [21, 22]. Hence,
we utilized CHIR99021 to do a series of rescue assays.
As shown in Additional file 1: Fig. SIA-C, EGFR-AS1
depletion restricted proliferation and invasion of CC
cells, while enhancing the cell apoptosis. However, with
the treatment of CHIR99021, these effects were greatly
abrogated. Collectively, EGFR-AS1 activates ACTN4-
mediated WNT pathway in CC.

Discussion

Accumulating studies have expounded that IncRNAs
with abnormal expressions serve essential parts in human
cancers, including CC. For example, IncRNA LINCO00675
is up-regulated in CC cells and fortifies cell proliferation
and invasion via impacting WNT pathway in CC [23].
LncRNA HOTAIR regulates radiotherapy resistance,
epithelial-mesenchymal transition and autophagy in CC
through WNT pathway [24]. LncRNA DANCR is associ-
ated with poor prognosis and promotes CC cell growth
by targeting miR-335-5p/ROCK1 axis [25]. In conse-
quence, it is indispensable to search extra IncRNAs and
understand their underlying mechanisms for the explo-
ration of therapeutic strategies. The study on biological
function and molecular mechanisms of EGFR-AS1 has
been researched in gastric cancer [13] and renal cancer
[14]. However, the research about those of EGFR-ASI1
in CC remains largely unclear. Here, we found the high
expression level of EGFR-AS]1 in CC cells. Loss-of-func-
tion investigations disclosed that EGFR-AS1 silencing
impaired CC cell proliferation, migration and invasion
and ascended cell apoptosis, which exhibited the onco-
genic property of EGFR-AS] in CC.

H3K27ac is known as a common type of histone modi-
fication [26], which correlates with the active enhancer
modulatory elements to activate gene expression [27].
In recent reports, H3K27ac at promoter regions leads
to the up-regulation of certain IncRNAs and thereby
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regulates tumor progression [15, 16]. Additionally, CBP
was considered as a pivotal regulator of the histone acet-
ylation [17]. Herein, we found that H3K27ac was highly
enriched in EGFR-AS]1 promoter region. Besides, EGFR-
AS1 expression was reduced by HAT inhibitor (C646),
suggesting that EGFR-AS1 up-regulation was caused
by H3K27ac modification. Accordingly, we found that
CBP interacted with EGFR-AS1 promoter to trigger the
H3K27ac and induce the up-regulation of EGFR-ASI.

Subsequently, we probed the molecular mechanism
underlying EGFR-AS1. Previously, mounting reports
have confirmed that IncRNAs act as ceRNAs to allevi-
ate the modulatory impact of microRNAs (miRNAs) on
target mRNAs at post-transcriptional level [28]. MiR-
NAs are single-stranded non-coding RNAs with 22-24
nucleotides in length and modulate a wide range of cel-
lular processes [29]. For example, miRNA-135b induces
cell apoptosis and inhibits cisplatin resistance and prolif-
eration by regulating MAPK in gastric cancer [30]. MiR-
4516 functions as a novel oncogene and predicts poor
prognosis by targeting PTPN14 in human glioblastoma
[31]. MiR-2355-5p is a novel miRNA which has neither
been studied in CC nor in other cancers. In this study,
EGFR-AS1 was determined as a cytoplasmic RNA and
functioned as a sponge of miR-2355-5p in CC cells.

ACTN4 has been reported as a tumor promoter in gas-
tric cancer [32], colorectal cancer [33] and pancreatic
cancer [34]. Importantly, ACTN4 has been reported to
activate WNT pathway in CC [35]. In this study, ACTN4
was identified as a target gene of miR-2355-5p, and
ACTN4 overexpression restored EGFR-AS1 silencing-
mediated suppression on CC cell growth. Furthermore,
EGFR-AS] activated ACTN4-induced WNT pathway in
CC cells.

Conclusions

In conclusion, this study explored the regulatory mech-
anism of EGFR-AS1 in CC cells, and revealed that
H3K27ac-activated EGFR-AS1 promoted CC cell growth
through ACTN4-mediated WNT pathway, suggesting
the meaningful revelation for investigating the therapeu-
tic methods for patients who are diagnosed with CC.

Methods

Cell culture and treatment

Human CC cell lines (SiHa, CaSki, ME-180, C4-1) and
human normal cervical cell line (Ect1/E6E7), from ATCC
(Rockville, Maryland), were allowed to grow under
37 °C and 5% CO, in the DMEM (Invitrogen, Carlsbad,
CA). The 1% antibiotics and 10% FBS, both from Invit-
rogen, were acquired for purpose of cell culture. Besides,
20 mmol/l of LiCl, 10 mM of DMSO and 20 nM of C646



Li and Wang Biology Direct (2022) 17:3

were all purchased from Sigma Aldrich (St. Louis, MI) to
treat SiHa and CaSKki cells.

gRT-PCR analysis

The total RNA from cultured cells were extracted with
Invitrogen TRIzol reagent, then 1 pg of total RNA was
prepared to synthesize cDNA. Expression levels of tar-
get genes were monitored through qRT-PCR with SYBR
R Premix Ex TagTM II (Takara, Shiga, Japan), processed
by the 2722t method and normalized to U6 or GAPDH.

Cell transfection

The designed shRNAs were produced by Genepharma
(Shanghai, China) to silence EGFR-AS1, CBP and
ACTN4 employing the transfection kit Lipofectamine
2000 (Invitrogen). Negative control (sh-NC) was also
obtained. The pcDNA3.1/EGFR-AS1, pcDNA3.1/
ACTN4 and empty pcDNA3.1 vectors, along with miR-
2355-5p mimics and NC mimics, were all acquired from
Genepharma for 48 h of transfection.

Colony formation

Cells in six-well plates (1000 cells/well) were cultivated
for 14 days. Next, generated colonies were fixed with
4% paraformaldehyde and stained by 0.1% crystal violet.
After washing in PBS, clones were counted.

EdU assay

Cells in 24-well plates were transfected with designed
plasmids and plated on the sterile coverslips. EQU assay
kit (Ribobio, Guangzhou, China) was used in light of
direction. Cell nucleus was double stained by EdAU and
DAPI, and then subjected to fluorescence microscopy
(Olympus, Tokyo, Japan).

Flow cytometry analysis

Annexin V-FITC/PI Apoptosis kit was acquired from Inv-
itrogen for measuring apoptotic cells. 2 x 10° cells were
collected and added into the binding buffer. 15 min later,
samples were assayed using FACSCalibur flow cytometer
(BD Biosciences, San Jose, CA).

TUNEL assay

Cultured CC cell apoptosis was also measured by TUNEL
assay. Cells in 6-well plates were cultured on coverslips
and fixed by 4% paraformaldehyde. In situ cell death
detection kit (Minneapolis, MN) was used as per manual.
Apoptotic CC cells were observed under fluorescence
microscopy.

Western blot

Total protein samples were separated with 10% SDS-
PAGE and shifted to PVDF membranes. Following
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blocking in 5% nonfat milk, membranes were probed
with primary antibodies (1:2000; Abcam, Cambridge,
MA) and appropriate HRP-tagged secondary antibod-
ies (1:5000; Abcam). After culturing in TBST solution,
samples were quantified by ECL Prime Western Blotting
Detection reagent (GE Healthcare, Chicago, IL).

Transwell invasion analysis

Invasion assay was implemented using the 8-mm pore
size Transwell chambers coated with matrigel (Corn-
ing, Corning, NY). Lower chamber was filled with com-
plete medium; cells in serum-free medium were added
to upper chamber. After 24 h, fixed cells were treated
with 0.1% crystal violet dye and observed under light
microscope.

ChIP assay

Primer sequences of EGFR-AS1 promoter were spe-
cifically designed as followed. Forward: GATGGTGGG
TGGAAAGGGAG (Start: 778); Reverse: CCTTTC
GAATGGGCAGGAGT (Start: 1022). With ChIP kit
(Millipore, Billerica, MA), ChIP assay in CC cells were
conducted as designed. After the DNA and protein
underwent cross-linking, the chromatin was fragmented
by ultrasonic and immunoprecipitated with the specific
antibody to H3K27ac or CBP. IgG antibody acted as con-
trol. qRT-PCR was used for detecting the relative DNA
enrichment.

Subcellular fractionation

With PARIS™ Kit, the cytoplasmic and nuclear frac-
tions were severally isolated from processed CC cells in
line with user guide (Ambion, Austin, TX). The isolated
RNAs were assayed by qRT-PCR.

FISH

RNA FISH assay was implemented using the EGFR-AS1-
FISH probe synthesized by Ribobio as instructed by sup-
plier. After staining nuclei with Hoechst, fluorescence
microscopy was employed.

RNA pull down assay

The protein extracts from cultured CC cells were mixed
with the EGFR-ASI biotin probe or EGFR-AS1 no-biotin
probe, and then incubated with magnetic beads for 1 h.
RNA enrichment in pull-downs was finally monitored.

RIP assay
Cell extracts from CC cells were acquired and cultivated
with the magnetic beads conjugated to specific anti-
bodies including human Ago2 and normal control IgG.
Immunoprecipitated RNAs were purified for qRT-PCR
analysis.
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Luciferase reporter assay

The wild-type and mutated EGFR-AS1 or ACTN4 frag-
ments covering miR-2355-5p binding sites were obtained
and inserted to the pmirGLO reporter vector (Promega
Corporation, Madison, WI). The formed EGFR-ASI1-
WT/Mut and ACTN4-WT/Mut reporter vectors were
co-transfected to SiHa and CaSki cells with indicated
transfection plasmids. 48 h later, luciferase reporter
assay system (Promega) was applied. Besides, TOP/FOP-
flash reporter vectors were available to assay the Wnt/[3-
catenin signaling activity as guided by manufacturer
(Addgene, Cambridge, MA).

Statistical analyses

Averaged results of more than 3 independent experi-
ments were used, and data were all exhibited as SD. Prism
5.0 software (GraphPad Software, Inc., La Jolla, CA) was
employed to analyze data by t test, one-way or two-way
ANOVA, with p value below 0.05 as the threshold.
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