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Abstract
As a flavonoid, baicalein exhibits remarkable anti-cancer roles in several cancers. However,

the factors regulating the antitumorigenic roles of baicalein in cervical cancer remain unde-

fined. Here, we revealed that long noncoding RNA SNHG1 is implicated in the tumor-

suppressive roles of baicalein. Functional assays demonstrated that ectopic expression

of SNHG1 attenuates the roles of baicalein in repressing cervical cancer cell viability, induc-

ing apoptosis, and repressing migration. SNHG1 silencing promotes the tumor-suppressive

roles of baicalein in cervical cancer cell viability, apoptosis, andmigration. Xenograft assays

showed that SNHG1 reverses the tumor-suppressive roles of baicalein in repressing cer-

vical cancer growth in vivo. Mechanistic investigations revealed that SNHG1 directly binds

miR-3127-5p and up-regulates FZD4, a target of miR-3127-5p. Via regulating miR-3127-

5p/FZD4, SNHG1 activates Wnt/b-catenin signaling. Moreover, SNHG1 reverses the

repressive role of baicalein on Wnt/b-catenin signaling. The effect of SNHG1 on the anti-

tumorigenic process of baicalein was abolished by Wnt/b-catenin signaling inhibitor ICG-

001. Together, our observations demonstrated that SNHG1 represses the tumor-

suppressive roles of baicalein in cervical cancer through regulating miR-3127-5p/FZD4/Wnt/b-catenin axis, and suggested

that targeting SNHG1 represents a potential strategy to enhance the tumor-suppressive roles of baicalein in cervical cancer.
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Introduction

Cervical cancer (CC) ranks fourth in the incidence and mortal-
ity of women malignancies, with 569,847 estimated new diag-
noses and 311,365 estimated deaths globally in 2018.1 Surgery
and radiochemotherapy are still the most common treatments
against CC.2 The prognosis of CC is unsatisfactory with five-
year survival rate of only about 65% in most countries.3

Recently, many nature products have exhibited potential
anti-cancer roles via various mechanisms.4 Baicalein is a

flavonoid drug, which is acquired from the root of

Scutellaria baicalensis.5–7 Increasing evidences demonstrate

that baicalein exerts potential anti-cancer roles in thyroid

cancer, cervical cancer, hepatocellular carcinoma, breast

cancer, pancreatic cancer, osteosarcoma, and so on.8–12

The molecular mechanisms of baicalein are complex.13

Many critical molecules and signaling pathways weremod-

ulated by baicalein, including p53, c-Myc, PTEN, TGF-b,
NF-jB, Wnt/b-catenin, and so on.14–18 However, the
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molecules responsible for the tumor-suppressive roles of
baicalein are largely unknown. Changing the expression
of these molecules may modulate the tumor-suppressive
roles of baicalein.

Great advances in genomic and transcriptomic sequenc-
ings led to the identification of >58,000 long noncoding
RNAs (lncRNAs) in cells.19 Nevertheless, the number of
human protein-encoding-gene is �21,000.19 LncRNAs are
a group of novel long transcripts not translated into pro-
teins.20,21 Many lncRNAs exhibit dysregulated expressions
and important roles in many malignancies, including
cervical cancer.22–28 LncRNA C5orf66-AS1 is highly
expressed and drives cell proliferation in cervical
cancer.29 lncRNA799 is highly expressed and promotes
metastasis of cervical cancer.30 SNHG16 promotes cervical
cancer tumorigenesis.31 LncRNA CRNDE promotes growth
and metastasis of cervical cancer.32 LncRNA SNHG1 is a
multi-functional lncRNA, which plays critical roles in vari-
ous cancers.33 SNHG1 is reported to have pro-tumorigenic
functions in acute myeloid leukemia, colorectal cancer,
laryngeal cancer, breast cancer, and so on.34–39

Nevertheless, the roles of SNHG1 in the tumor-
suppressive processes of baicalein in CC are still unknown.

Here, the effects of SNHG1 during the tumor-
suppressive processes of baicalein were studied using func-
tional experiments. Our findings revealed that SNHG1
represses the antitumorigenic roles of baicalein in CC.
Further mechanistic studies revealed that SNHG1 binds
miR-3127-5p and functions as a microRNA sponge. Via
agglutinating miR-3127-5p, SNHG1 up-regulates FZD4, a
target of miR-3127-5p. Through up-regulating FZD4,
SNHG1 further activates Wnt/b-catenin signaling.
Collectively, these data presented that SNHG1 represses
the antitumorigenic roles of baicalein in CC through mod-
ulating miR-3127-5p/FZD4/Wnt/b-catenin axis.

Materials and methods

Cell culture and treatment

CC cell lines HeLa and SiHa were acquired from Cell Bank
of the Chinese Academy of Sciences (Shanghai, China). The
cells were cultured in Eagle’s Minimum Essential Medium
(Invitrogen) added with 10% FBS (Invitrogen) in standard
conditions. Where indicated, baicalein (Selleck) and ICG-
001 (Selleck) were added for indicated time to stimulate
cells. Baicalein and ICG-001 were both dissolved in DMSO.

Quantitative real-time polymerase chain reaction

The isolated RNA was subjected to reverse transcription
using the PrimeScriptTM II 1st Strand cDNA Synthesis Kit
(Takara). qRT-PCR was undertaken using the standard
SYBR Green protocol on ABI 7500 Real-time PCR system
(Applied Biosystems). Primer sequences were: for SNHG1,
50-AATGTCTTATTGGGCTCCTG-30 (forward) and 50-CT
GTAACGCTGGCTTTGC-30 (reverse); for FZD4, 50-CAA
CTTTCACACCGCTCATC-30 (forward) and 50-GGCAA
ATCCAAATTCCTTCAG-30 (reverse); for cyclin D1, 50-AC
AACTTCCTGTCCTACTACCG-30 (forward) and 50-TCC
TCCTCCTCTTCCTCCTC-30 (reverse); for c-Myc, 50-GGG

CTTTATCTAACTCGCTGTA-30 (forward) and 50-GCTA
TGGGCAAAGTTTCGTG-30 (reverse); for b-actin, 50-GG
GAAATCGTGCGTGACATTAAG-30 (forward) and 50-TGT
GTTGGCGTACAGGTCTTTG-30 (reverse). For miR-3127-
5p and miR-122-5p quantitation, qRT-PCR was undertaken
by TaqMan microRNA assay (Applied Biosystems) as
described above.

Northern blot

Northern blot was conducted with the NorthernMax Kit
(Ambion). Briefly, 10 mg of total RNA was loaded to form-
aldehyde gel electrophoresis, followed by being transferred
onto Biodyne Nylon membranes (Pall). Biotin-16-dUTP
(Roche)-labeled SNHG1 cDNA probe was prepared using
PCR with the primers 50-TACTGGTGAAGGAATGGG-30

(forward) and 50-GAAGTGGAGTTATGGGAAG-30 (reverse).
After 60min of prehybridization in ULTRAhybTM-Oligo
buffer (Ambion), the membranes were hybridized for 12h
at 68�C in ULTRAhybTM-Oligo buffer with SNHG1 cDNA
probe. After three washes, the membranes were scanned
on Odyssey infrared scanner (Li-Cor).

Vectors construction and transfection

SNHG1 was PCR-amplified using TransTaqVR DNA
Polymerase High Fidelity (TransGen Biotech) with the pri-
mers 50-GGGGTACCCTCATTTTTCTACTGCTCG-30 (for-
ward) and 50-CGGGATCCAAACAGGACTATGTAATCA
ATC-30 (reverse). The PCR product was cloned into Kpn I
and BamH I sites of pcDNA3.1(þ) vector (Invitrogen) to
synthesize SNHG1 expression vector pcDNA3.1-SNHG1.
In addition, the PCR product was cloned into Kpn I and
BamH I sites of pSPT19 (Promega) to synthesize SNHG1
transcription vector pSPT19-SNHG1. miR-3127-5p binding
site mutated SNHG1 expression vector pcDNA3.1-SNHG1-
mut and transcription vector pSPT19-SNHG1-mut were
synthesized by GenScript (Nanjing, China). Two indepen-
dent oligonucleotides specifically repressing SNHG1 were
cloned into the shRNA expression vector pGPU6/Neo
(GenePharma), termed as shSNHG1-1 and shSNHG1-2. A
scrambled non-targeting shRNA (shVec) was employed as
negative control. The shRNAs sequences were: for
shSNHG1-1, 50-CACCGCTCCTGTCTGCAGGATTTACTT
CAAGA GAGTAAATCCTGCAGACAGGAGCTTTTTTG-
30 (forward) and 50-GATCCAAAAAAGCTCCTGTCTGC
AGGA TTTACTCTCTTGAAGTAAATCCTGCAGACAGG
AGC-30 (reverse); for shSNHG1-2, 50-CACCGGTTTGCTG
TGTATCACATTTTT CAAGAGAAAATGTGATACACAG
CAAACCTTTTTTG-30 (forward) and 50-GATCCAAAA
AAGGTTTGCTGTGTATCACATTTTCTCTTGAAAAATG
TGATACACAGCAAACC-30 (reverse); for shVec, 50-CAC
CGTTCTCCGAACGTGTCACGTCAAGAGATTACGTGA
CACGTTCGGAGAATTTTTTG-30 (forward) and 50-GAT
CCAAAAAATTCTCCGAACGTGTCACGTAATCTCTTG
ACGTGACACGTTCGGAGAAC-30 (reverse). SNHG1 con-
taining miR-3127-5p binding site was PCR-amplified using
TransTaq

VR

DNA Polymerase High Fidelity and the primers
50-CTAGCTAGCACATAGCATAGCACGCACT-30 (for-
ward) and 50-GCGTCGACCAGCCTGGGTAACAAAAC-
30 (reverse) and cloned into Nhe I and Sal I sites of
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pmirGLO (Promega) to synthesize luciferase reporter
pmirGLO-SNHG1. miR-3127-5p binding site mutated
SNHG1 luciferase reporter pmirGLO-SNHG1-mut was syn-
thesized by GenScript. FZD4 30-UTR containing miR-3127-
5p binding sites was PCR-amplified using TransTaqVR

DNA Polymerase High Fidelity and the primers 50-
CTAGCTAGCTTATTGA GTGCCGACTGTAG-30 (forward)
and 50-GCGTCGACAGCAAGGGG TTTTCTTTGTAC-30

(reverse) and cloned into Nhe I and Sal I sites of pmirGLO
(Promega) to synthesize luciferase reporter pmirGLO-FZD4.
miR-3127-5p binding site mutated FZD4 30-UTR luciferase
reporter pmirGLO-FZD4-mut was synthesized by
GenScript. miR-3127 mimics and inhibitors were obtained
from GenePharma. Transfection of vectors and miRNAs
was carried out using Lipofectamine 3000 (Invitrogen).

Stable cell lines construction

pcDNA3.1, pcDNA3.1-SNHG1, or pcDNA3.1-SNHG1-mut
was transfected into HeLa cells. pcDNA3.1 or pcDNA3.1-
SNHG1 was transfected into SiHa cells. shVec, shSNHG1-1,
and shSNHG1-2 were transfected into HeLa cells; 48 h later,
the cells were treated with 500 lg/mL neomycin for four
weeks to select HeLa and SiHa cells stably overexpressing
SNHG1 and HeLa cells stably silencing SNHG1.

Cell viability, apoptosis, and migration assays

Cell viability was evaluated by Glo cell viability and ethynyl
deoxyuridine (EdU) incorporation assays. Glo cell viability
and EdU incorporation assays were undertaken as previous-
ly described.12 Cell apoptosis was assessed by TdT-mediated
dUTP nick end labeling (TUNEL) assay as previously
described.12 Cell migration was assessed using transwell
migration assay as described in our previous report.11

Xenograft assay

Cells (3.0� 106) were subcutaneously inoculated into six-
weeks-old female BALB/c nude mice. After subcutaneous
injection, the mice were intraperitoneally injected with
0.1mL DMSO (0.25%) or baicalein (10mg/kg/day).
Subcutaneous xenografts volume was measured by a cali-
per and calculated as 0.5�L�W2 (L, length; W, width). At
the 28th day after injection, the subcutaneous xenograft was
resected and weighed. The resected xenograft was sub-
jected to Ki67 immunohistochemistry (IHC) staining and
TUNEL assay as previously described.11 The xenograft
assay was approved by the Ethical Committee of West
China Second University Hospital, Sichuan University.

Isolation of cytoplasmic and nuclear RNA

Cytoplasmic and nuclear RNA was extracted with the
Cytoplasmic & Nuclear RNA Purification Kit (Norgen) as
per the provided manual. The extracted cytoplasmic and
nuclear RNAwere measured using qRT-PCR.

Dual luciferase reporter assays

pmirGLO-SNHG1 was cotransfected with 1pmol, 5 pmol,
or 10 pmol miR-3127-5p mimics into HeLa cells in 48-well

plates per well. pmirGLO-SNHG1 was cotransfected with
5pmol miR-3127-5p inhibitors into HeLa cells in 48-well
plates per well. pmirGLO-FZD4 was cotransfected with
pcDNA3.1, pcDNA3.1-SNHG1, pcDNA3.1-SNHG1-mut,
shVec, shSNHG1-1, or shSNHG1-2 into HeLa cells. The
b-catenin reporter TOPFlash and control reporter
FOPFlash were purchased from Addgene. TOPFlash or
FOPFlash was cotransfected with pRL-TK (Promega) into
indicated cervical cancer cells. pRL-TK expressing Renilla
luciferase, served as endogenous control. The luciferase
activity was assessed using the Dual-Luciferase Reporter
Assay System (Promega) 48 h after transfection.

RNA pull-down assay

Wild type SNHG1 and miR-3127-5p binding site mutated
SNHG1 were transcribed from pSPT19-SNHG1 and
pSPT19-SNHG1-mut, and concurrently biotinylated by
Biotin RNA Labeling Mix (Roche) and Sp6 RNA polymerase
(Roche). After treatment with DNase I and purification using
RNeasy Mini Kit (Qiagen), 3mg of purified biotinylated wild
type SNHG1 or mutated SNHG1 was mixed with 1mg of
HeLa lysates at 25�C for 1h. Next, the complexes were
enriched using streptavidin agarose bead (Invitrogen) and
the enriched RNA was detected using qRT-PCR.
Furthermore, the binding between SNHG1 and miR-3127-
5p was detected using the EZ-Magna ChIRP RNA
Interactome Kit (Millipore) and SNHG1 antisense biotiny-
lated probes. The sequences of SNHG1 antisense probes
were: 1, 50-aagaccacgaagccacttac-30; 2, 50-tgctacttttaagcctcgag-
30; 3, 50-cctcagagttatttatcctc-30; 4, 50-taaatcctgcagacaggagc-30; 5,
50-cgctggctttgcataaagat-30; 6, 50-ctgctctgtaagatagaggc-30; 7, 50-
aggttgtccaagaacttgga-30; 8, 50-ctcaactgctgtttcattgg-30; 9, 50-cta-
tacagtgcctgagtttg-30; 10, 50-ggaacagaaggtggctgtat-30; 11, 50-
cctcaagggaaccttttttg-30.

Western blot

Western blot was undertaken as previously described with
FZD4 (Abcam) and b-actin (Proteintech) primary antibod-
ies.11 b-actin serves as loading control.

Statistical analysis

GraphPad Prism 6.0 software was used to carry out all sta-
tistical analyses. Two-tailed t-test was carried out to com-
pare the differences among two groups. One-way ANOVA
followed by Dunnett’s multiple comparisons test or
Kruskal–Wallis test followed by Dunn’s multiple compar-
isons test was carried out to compare the differences among
more than two groups. P< 0.05 was considered significant.

Results

Ectopic expression of SNHG1 repressed the tumor-
suppressive roles of baicalein

To assess the potential influences of SNHG1 in the tumor-
suppressive roles of baicalein, we overexpressed SNHG1 in
HeLa and SiHa cells (Figure 1(a) and (b)). HeLa and SiHa
cells overexpressing SNHG1 or control were treated with
indicated doses of baicalein for 24 h. Glo cell viability assay
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presented that baicalein repressed CC cell viabilities in
dose-dependent manners (Figure 1(c) and (d)).
Overexpression of SNHG1 remarkably increased cell via-
bilities, which were repressed by baicalein (Figure 1(c) and
(d)). EdU incorporation assay also presented that baicalein
repressed cell viabilities of both cells (Figure 1(e)). Ectopic
expression of SNHG1 remarkably attenuated the repres-
sion of cell viabilities induced by baicalein (Figure 1(e)).
TUNEL assay presented that baicalein promoted apoptosis
of both cells (Figure 1(f) and (g)). Ectopic expression of
SNHG1 remarkably reversed the cell apoptosis caused by
baicalein (Figure 1(f) and (g)). In addition, transwell migra-
tion assays presented that baicalein repressed cell migra-
tion of both cells (Figure 1(h)). Overexpression of SNHG1
remarkably attenuated the repression of cell migration

induced by baicalein (Figure 1(h)). Therefore, these data
suggested that ectopic expression of SNHG1 reversed the
antitumorigenic roles of baicalein in CC cell viability and
migration.

SNHG1 silencing enhanced the antitumorigenic roles of

baicalein

HeLa cells stably silencing SNHG1 or control were con-
structed (Figure 2(a)). HeLa cells silencing SNHG1 or con-
trol were treated with indicated doses of baicalein for 24 h.
Next, cell viabilities were assessed using Glo cell viability
assays. As presented in Figure 2(b), the repressive roles of
baicalein in CC cell viabilities were remarkably enhanced
by SNHG1 silencing. EdU incorporation assays also

Figure 1. Ectopic expression of SNHG1 reversed baicalein-caused cell viability repression, apoptosis induction, and migration repression in cervical cancer cells.

(a) SNHG1 expression in HeLa cells overexpressing SNHG1 or control was assessed using qRT-PCR. (b) SNHG1expression in SiHa cells overexpressing SNHG1 or

control was assessed using qRT-PCR. (c) HeLa cells overexpressing SNHG1 or control were treated with different doses of baicalein (0, 25, 50, 100 mM) for 24 h. Then,

cell viability was assessed with Glo cell viability assay. (d) SiHa cells overexpressing SNHG1 or control were treated with different doses of Baicalein (0, 25, 50, 100 mM)

for 24 h, followed by Glo cell viability assay to measure cell viability. (e) HeLa and SiHa cells overexpressing SNHG1 or control were treated with 100 mM baicalein for

24 h, followed by EdU incorporation assay to detect cell viability. (f) HeLa cells overexpressing SNHG1 or control were treated with 100 mM baicalein for 24 h, followed

by TUNEL assay to detect cell apoptosis. (g) SiHa cells overexpressing SNHG1 or control were treated with 100 mM baicalein for 24 h, followed by TUNEL assay to

detect cell apoptosis. (h) Cell migration of HeLa and SiHa cells overexpressing SNHG1 or control and simultaneous treatment with 50 mM baicalein for 48 h was

detected with transwell migration assay. Results are presented as mean�SD. Scale bars, 100 mm. *P< 0.05, **P< 0.01, ***P< 0.001, ns: not significant. (A color

version of this figure is available in the online journal.)
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Figure 2. SNHG1 silencing enhanced baicalein-caused cell viability repression, apoptosis induction, and migration repression in cervical cancer cells. (a) SNHG1

expression in HeLa cells silencing SNHG1 or control was assessed using qRT-PCR and northern blot. (b) HeLa cells silencing SNHG1 or control were treated with

different doses of baicalein (0, 25, 50, 100 mM) for 24 h, followed by Glo cell viability assay to detect cell viability. (c) HeLa cells silencing SNHG1 or control were treated

with 100 mMbaicalein for 24 h, followed by EdU incorporation assay to detect cell viability. (d) HeLa cells silencing SNHG1 or control were treated with 100 mMbaicalein

for 24 h, followed by TUNEL assay to detect cell apoptosis. (e) Cell migration of HeLa cells silencing SNHG1 or control and simultaneous treatment with 50 mMbaicalein

for 48 h was detected by transwell migration assay. Results are shown as mean�SD. Scale bars, 100 mm. **P< 0.01, ***P< 0.001. (A color version of this figure is

available in the online journal.)

Figure 3. SNHG1 reversed baicalein-induced cervical cancer growth inhibition in vivo. (a) HeLa cells overexpressing SNHG1 or control were subcutaneously inoc-

ulated into nude mice. The mice were intraperitoneally injected with 0.1mL DMSO (0.25%) or baicalein (10mg/kg/day). Subcutaneous xenografts volume was

measured every seven days. (b) Xenografts were excised and weighed at 28th day after inoculation. (c) Ki67 IHC staining of xenografts from (b). (d) TUNEL staining of

xenografts from (b). Data are presented as mean�SD based on five mice in each group. Scale bars, 50 mm. **P< 0.01, ns: not significant. (A color version of this figure

is available in the online journal.)
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presented that SNHG1 silencing remarkably enhanced
the repressive effects of baicalein in CC cell viabilities
(Figure 2(c)). TUNEL assays presented that SNHG1 silenc-
ing remarkably enhanced the effects of baicalein in promot-
ing cell apoptosis (Figure 2(d)). Additionally, transwell
migration assays presented that SNHG1 silencing remark-
ably enhanced the repressive roles of baicalein in cell
migration (Figure 2(e)). Therefore, these observations dem-
onstrated that SNHG1 silencing strengthened the tumor-
suppressive roles of baicalein.

SNHG1 repressed the antitumorigenic roles of
baicalein in CC growth in vivo

Next, the effects of SNHG1 in the in vivo tumor-suppressive
processes of baicalein were explored. HeLa cells overex-
pressing SNHG1 or control were subcutaneously inoculat-
ed into nude mice. Next, the mice were intraperitoneally
administrated with 0.1mL 0.25% DMSO (carrier) or baica-
lein (10mg/kg/day). The growth of subcutaneous xeno-
grafts was recorded. As presented in Figure 3(a) and (b),
baicalein significantly repressed subcutaneous xenografts
growth, which was reversed by ectopic expression of
SNHG1. Ki67 IHC staining of the xenografts presented
that baicalein repressed cell growth in vivo, which was

reversed by ectopic expression of SNHG1 (Figure 3(c)).
TUNEL staining of the xenografts presented that baicalein
induced cell apoptosis in vivo, which was attenuated by
ectopic expression of SNHG1 (Figure 3(d)). Therefore,
these observations showed that SNHG1 repressed the
tumor-suppressive roles of baicalein in vivo.

SNHG1 directly bound miR-3127-5p

We further elucidated the molecular mechanisms mediat-
ing the effects of SNHG1 in the tumor-suppressive process-
es of baicalein in CC. Bioinformatics analysis indicated that
SNHG1 was mainly located in cytoplasm (http://www.
csbio.sjtu.edu.cn/bioinf/lncLocator/).40 Cytoplasmic and
nuclear RNA purification further verified the cytoplasmic
location of SNHG1 (Figure 4(a)). A variety of cytoplasmic
lncRNAs was demonstrated to agglutinate microRNAs
and modulate the biological roles of the interacted
microRNAs.41 Analyzing by the TargetScan prediction
algorithm (http://www.targetscan.org/) and ENCORI
(http://starbase.sysu.edu.cn/),42 we noted a miR-3127-5p
binding site on SNHG1 (Figure 4(b)). To explore whether
miR-3127-5p binds to SNHG1, dual luciferase reporter
assay was conducted. As presented in Figure 4(c), miR-
3127-5p mimics remarkably reduced the luciferase activity

Figure 4. SNHG1 bound to miR-3127-5p. (a) Subcellular location of SNHG1 was assessed using cytoplasmic and nuclear RNA purification, followed by qRT-PCR. (b)

The predicted binding site of miR-3127-5p on SNHG1. (c) Luciferase activity in HeLa cells cotransfected with indicated doses of miR-3127-5p mimics and luciferase

reporter containing wild-type or miR-3127-5p binding site mutated SNHG1. Results are presented as the relative ratio of firefly to renilla luciferase activity. (d)

Luciferase activity in HeLa cells cotransfected with miR-3127-5p inhibitors and luciferase reporter containing wild-type or miR-3127-5p binding site mutated SNHG1.

Data are presented as the relative ratio of firefly to renilla luciferase activity. (e) HeLa cell lysates were mixed with SNHG1 antisense biotinylated probes; after pull-

down, RNA was enriched and assessed with qRT-PCR. (f) HeLa cell lysates were mixed with biotinylated SNHG1; after pull-down, RNA was enriched and measured

with qRT-PCR. Results are presented as mean�SD. ***P< 0.001, ns: not significant. (A color version of this figure is available in the online journal.)

Yu et al. SNHG1 represses the anti-cancer roles of baicalein 25
...............................................................................................................................................................

http://www.csbio.sjtu.edu.cn/bioinf/lncLocator/
http://www.csbio.sjtu.edu.cn/bioinf/lncLocator/
http://www.targetscan.org/
http://starbase.sysu.edu.cn/


of the reporter containing wild-type SNHG1, but not miR-
3127-5p binding site mutated SNHG1 in a dose-dependent
manner. Conversely, miR-3127-5p inhibitors remarkably
increased the luciferase activity of the reporter containing
wild-type SNHG1, but not miR-3127-5p binding site mutat-
ed SNHG1 (Figure 4(d)). To detect the binding of SNHG1 to
miR-3127-5p, SNHG1 antisense biotinylated probes were
used to pull-down endogenous SNHG1 and the bound
miRNAs. As presented in Figure 4(e), both SNHG1 and
miR-3127-5p were remarkably enriched in SNHG1 anti-
sense probes group, which supports the interaction
between SNHG1 and miR-3127-5p. miR-122-5p was used
as a negative control miRNA. Furthermore, affinity pull-
down of endogenous miR-3127-5p with in vitro transcribed
biotinylated SNHG1 verified the binding of miR-3127-5p by
SNHG1 (Figure 4(f)). Therefore, these observations showed
that SNHG1 directly bound miR-3127-5p in cervical cancer.

SNHG1 up-regulated FZD4 expression via sponging
miR-3127-5p

FZD4 was previously revealed as a target of miR-3127-5p
and modulate Wnt/b-catenin signaling in several

malignancies.43 Next, we investigated whether SNHG1

modulates FZD4 via sponging miR-3127-5p in cervical

cancer. Four miR-3127-5p binding sites were predicted in

FZD4 30-untranslated region (30-UTR) (Figure 5(a)). Ectopic

expression of SNHG1 remarkably upregulated the lucifer-

ase activity of the reporter containing wild-type FZD4 30-
UTR, but not miR-3127-5p binding site mutated FZD4

30-UTR (Figure 5(b)). Furthermore, the mutation of miR-

3127-5p binding site on SNHG1 reversed the upregulation

of the luciferase activity (Figure 5(b)). Conversely, SNHG1

silencing remarkably deceased the luciferase activity of the

reporter containing wild-type FZD4 30-UTR, but not miR-

3127-5p binding site mutated FZD4 30-UTR (Figure 5(c)).

Additionally, ectopic expression of SNHG1 remarkably

increased FZD4 mRNA and protein levels (Figure 5(d)

and (f)). The mutation of miR-3127-5p binding site on

SNHG1 reversed the increasing (Figure 5(d) and (f)).

Conversely, SNHG1 silencing markedly reduced FZD4

mRNA and protein levels (Figure 5(e) and (g)). Therefore,

these observations showed that SNHG1 increased FZD4

expression via sponging miR-3127-5p.

Figure 5. SNHG1 up-regulated FZD4 via sponging miR-3127-5p. (a) The predicted miR-3127-5p binding sites on FZD4 30-UTR. (b) Luciferase activity in HeLa cells

cotransfected with wild-type or miR-3127-5p binding site mutated SNHG1 expression plasmids and luciferase reporter containing wild-type or miR-3127-5p binding

site mutated FZD4 30-UTR. Result is shown as the relative ratio of firefly to renilla luciferase activity. (c) Luciferase activity in HeLa cells cotransfected with SNHG1

specific shRNAs and luciferase reporter containing wild-type or miR-3127-5p binding site mutated FZD4 30-UTR. Result is shown as the relative ratio of firefly to renilla

luciferase activity. (d) FZD4 mRNA expression level in HeLa cells overexpressing wild-type or miR-3127-5p binding site mutated SNHG1 was assessed using qRT-

PCR. (e) FZD4 mRNA expression level in HeLa cells silencing SNHG1 or control was assessed using qRT-PCR. (f) FZD4 protein expression level in HeLa cells

overexpressing wild-type or miR-3127-5p binding site mutated SNHG1 was detected using Western blot. (g) FZD4 protein expression level in HeLa cells silencing

SNHG1 or control was assessed using Western blot. Results are presented as mean�SD. ***P< 0.001, ns: not significant. (A color version of this figure is available in

the online journal.)
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SNHG1 activated Wnt/b-catenin signaling via
modulating miR-3127-5p/FZD4

Next, the roles of SNHG1 in Wnt/b-catenin signaling were
investigated. TOPFlash/FOPFlash luciferase activities and
Wnt/b-catenin targets expressions were detected to evalu-
ate Wnt/b-catenin signaling in SNHG1 stably overex-
pressed and silenced HeLa cells. Overexpression of
SNHG1 remarkably up-regulated the ratio of TOPFlash/
FOPFlash (Figure 6(a)). The increasing of the ratio was
reversed by the mutation of miR-3127-5p binding site
(Figure 6(a)). Conversely, SNHG1 silencing remarkably
decreased the ratio of TOPFlash/FOPFlash (Figure 6(b)).
Ectopic expression of SNHG1 remarkably increased Wnt/
b-catenin targets expression (Figure 6(c)). The mutation of
miR-3127-5p binding site on SNHG1 reversed the increas-
ing (Figure 6(c)). Conversely, SNHG1 silencing remarkably
decreased Wnt/b-catenin targets expressions (Figure 6(d)).
Then, TOPFlash/FOPFlash luciferase activities and Wnt/
b-catenin targets expressions were measured in HeLa cells
stably overexpressing SNHG1 or control and simultaneous
treatment with 50 lM baicalein for 48 h. As presented in
Figure 6(e) and (f), baicalein repressed the ratio of
TOPFlash/FOPFlash and Wnt/b-catenin target genes
expression. Ectopic expression of SNHG1 reversed the
decreasing of Wnt/b-catenin signaling activity caused by

baicalein (Figure 6(e) and (f)). Therefore, the results dem-
onstrated that baicalein repressedWnt/b-catenin signaling,
which was reversed by SNHG1 via modulating miR-3127-
5p/FZD4.

Blockage of Wnt/b-catenin signaling reversed the
effects of SNHG1 in modulating the anti-cancer roles

of baicalein

To explore whether SNHG1 represses the tumor-
suppressive roles of baicalein through modulating Wnt/
b-catenin signaling, HeLa cells overexpressing SNHG1 or
control were treated with baicalein and Wnt/b-catenin sig-
naling inhibitor ICG-001. Glo cell viability and EdU incor-
poration assays presented that ICG-001 blocked the effects
of SNHG1 in reversing the decreased cell viability caused
by baicalein (Figure 7(a) and (b)). TUNEL assays presented
that ICG-001 blocked the effects of SNHG1 in repressing
cell apoptosis induced by baicalein (Figure 7(c)).
Transwell migration assays presented that ICG-001 blocked
the roles of SNHG1 in reversing the decreased cell migra-
tion caused by baicalein (Figure 7(d)). Therefore, these
observations presented that SNHG1 repressed the tumor-
suppressive roles of baicalein through activating Wnt/
b-catenin signaling.

Figure 6. SNHG1 activated Wnt/b-catenin signaling via modulating miR-3127-5p/FZD4. (a) After transient transfection of TOPFlash or FOPFlash plasmids into HeLa

cells overexpressing wild-type or miR-3127-5p binding site mutated SNHG1, luciferase activity was assessed and presented as the ratio of TOPFlash/FOPFlash. (b)

After transient transfection of TOPFlash or FOPFlash plasmids into HeLa cells silencing SNHG1 or control, luciferase activity was assessed and presented as the ratio

of TOPFlash/FOPFlash. (c) Wnt/b-catenin targets expression level in HeLa cells overexpressing wild-type or miR-3127-5p binding site mutated SNHG1 was measured

using qRT-PCR. (d) Wnt/b-catenin targets expression level in HeLa cells silencing SNHG1 or control was measured using qRT-PCR. (e) Luciferase activity in HeLa cells

overexpressing SNHG1 or control and simultaneous treatment with 50 mM baicalein after transient transfection of TOPFlash or FOPFlash plasmids was measured and

presented as the ratio of TOPFlash/FOPFlash. (f) Wnt/b-catenin targets expression level in HeLa cells overexpressing SNHG1 or control and simultaneous treatment

with 50 mM baicalein for 48 h was measured using qRT-PCR. Data are presented as mean�SD. **P<0.01, ***P< 0.001, ns: not significant. (A color version of this

figure is available in the online journal.)
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Discussion

Increasing cellular and animal experiments have shown
that baicalein has attractive anti-cancer effects,6 whereas
the low bioavailability of baicalein restricts the clinical uti-
lization.5 Developing novel combined therapies to enhance
the tumor-suppressive roles of baicalein may facilitate the
broader application of baicalein.

Here, we identified lncRNA SNHG1 as a crucial regula-
tor of the antitumorigenic roles of baicalein in CC.
Functional experiments demonstrated that SNHG1 attenu-
ates the effects of baicalein in inhibiting cell viability, pro-
moting apoptosis, and suppressing migration. Oppositely,
SNHG1 silencing enhances the roles of baicalein in inhibit-
ing cell viability, promoting apoptosis, and suppressing
migration. In addition, in vivo xenograft assays showed
that SNHG1 blocks the effects of baicalein in repressing
xenograft growth and cell proliferation and promoting
cell apoptosis in vivo. Collectively, these findings identified
SNHG1 as a functional antagonist of baicalein, and sug-
gested that therapeutic intervention of SNHG1 represents
a potential treatment method to enhance the antitumori-
genic roles of baicalein in CC.

SNHG1, also known as small nucleolar RNA host gene 1,
is a classical lncRNA.33 The gene SNHG1 locates at chro-
mosome 11q12.3. SNHG1 encodes several different tran-
scripts. SNHG1 transcript variant 2 (NR_152575) is the
main transcript in cervical cancer, which has 10 exons and

1535 nucleotides in length. Therefore, we focused on this
transcript. Previous reports showed that SNHG1 were dys-
regulated in several malignancies, including cervical
cancer.34–36,44 Other reports revealed that SNHG1 facilitates
cancer cell proliferation, migration, invasion, and drug-
resistance in colorectal cancer, laryngeal cancer, breast
cancer, and lung cancer via various mechanisms.35–39

Here, we revealed that SNHG1 regulates the tumor-
suppressive roles of baicalein in CC. Due to the wide
tumor-suppressive effects of baicalein in several different
malignancies, the influences of SNHG1 on the antitumori-
genic roles of baicalein in other cancers need further
investigation.

lncRNAs function in multitude levels. Many cytoplas-
mic lncRNAs are presented to agglutinate common
microRNAs and relieve the suppressive effects of
microRNAs on their targets.41 Here, combining bioinfor-
matics analyses and experimental verification, we observed
that SNHG1 directly bound miR-3127-5p and upregulated
the expression of miR-3127-5p target FZD4. Via up-
regulating FZD4, SNHG1 activated Wnt/b-catenin signal-
ing. Previous reports have presented the repressive roles of
baicalein in Wnt/b-catenin signaling in osteosarcoma and
breast cancer.15,45 In this study, we further observed that
baicalein repressed Wnt/b-catenin signaling in CC.
SNHG1 attenuated the repressive influences of baicalein
on Wnt/b-catenin signaling in CC. The effects of SNHG1
during the tumor-suppressive process of baicalein were

Figure 7. Repression of Wnt/b-catenin signaling blocked the effects of SNHG1 in modulating the tumor-suppressive roles of baicalein. (a) HeLa cells overexpressing

SNHG1 were treated with 100 lMbaicalein and 25 lM ICG-001 for 24 h, followed by Glo cell viability assay to detect cell viability. (b) HeLa cells overexpressing SNHG1

were treated with 100 lM baicalein and 25 lM ICG-001 for 24 h, followed by EdU incorporation assay to detect cell viability. (c) SNHG1 stably overexpressed HeLa

cells were treated with 100 lM baicalein and 25 lM ICG-001 for 24 h, followed by TUNEL assay to measure cell apoptosis. (d) Cell migration of HeLa cells over-

expressing SNHG1 and simultaneous treatment with 50 lM baicalein and 12.5 lM ICG-001 for 48 h was detected by transwell migration assay. Results are shown as

mean�SD. Scale bars, 100 mm. **P<0.01, ***P< 0.001, ns: not significant. (A color version of this figure is available in the online journal.)
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abolished by Wnt/b-catenin signaling inhibitor. Mutation
of miR-3127-5p binding site on SNHG1 abolished the
effects of SNHG1 on miR-3127-5p/FZD4/Wnt/b-catenin
axis. Therefore, miR-3127-5p binding site on SNHG1 is
the critical region mediating the roles of SNHG1. To fully
understand the effects of SNHG1 on its downstream tar-
gets, transcriptomic analysis of differential genes regulated
by SNHG1 could provide more information, which needs
further investigation.

In conclusion, these observations showed that SNHG1
represses the antitumorigenic roles of baicalein in CC
through modulating miR-3127-5p/FZD4/Wnt/b-catenin
axis. These findings suggested that targeting SNHG1 rep-
resents a potential strategy to enhance the antitumorigenic
roles of baicalein in cervical cancer.
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