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Background: Grape seed proanthocyanidins (GSPs) have been shown to inhibit the pro-
gression of many cancers, including cutaneous squamous cell carcinoma (CSCC). Circular
RNA (circRNA) is a key regulator for cancer progression. However, it is unclear whether
GSPs can mediate the progression of CSCC by regulating circRNA.

Methods: Quantitative real-time PCR was conducted to determine the expression of hsa -
circ_0070934, microRNA (miR)-136-5p and prenylated Rab acceptor family 2 (PRAF2).
MTT assay and colony formation assay were used to assess cell proliferation. Cell cycle
process and apoptosis were detected by flow cytometry, and cell migration and invasion were
measured by transwell assay. Western blot analysis was utilized to examine protein expres-
sion. In addition, dual-luciferase reporter assay and RIP assay were used to evaluate the
interaction between miR-136-5p and hsa_circ_0070934 or PRAF2. Subcutaneous xenograft
models were constructed to explore the function of GSPs on CSCC tumor growth in vivo.
Results: GSPs could reduce hsa circ_0070934 expression and inhibit CSCC cell prolif-
eration, cell cycle process, migration, invasion, while promote apoptosis. Overexpressed
hsa_circ_0070934 could reverse the suppressive effect of GSPs on CSCC cell progression.
MiR-136-5p could be sponged by hsa circ_ 0070934, and its overexpression also abolished
the positively regulation of hsa_circ_0070934 on the progression of GSPs-induced CSCC
cells. PRAF2 was a target of miR-136-5p, and its expression could be decreased by GSPs
and increased by hsa circ_0070934. The inhibitory effect of miR-136-5p on CSCC cell
progression could be reversed by PRAF2 overexpression. Additionally, GSPs also could
inhibit CSCC tumor growth in vivo.

Conclusion: Our data showed that GSPs regulated the hsa circ 0070934/miR-136-5p/
PRAF2 axis to restrain CSCC progression.

Keywords: cutancous squamous cell carcinoma, GSPs, hsa circ 0070934, miR-136-5p,
PRAF2

Introduction

Cutaneous squamous cell carcinoma (CSCC) is a kind of malignant tumor caused
by excessive proliferation of skin epidermis or keratinocytes, which is a common
skin cancer."”? Ultraviolet radiation, radiation damage, and chemical irritation are
considered to be important causes of CSCC.>* Due to the high degree of malig-
nancy, the treatment options for locally advanced CSCC or metastatic CSCC are
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very limited, which often leads to poor prognosis for
patients.® Therefore, finding an effective way to treat
CSCC is essential to provide further guidance in the clinic.

Grape seed proanthocyanidins (GSPs) are an effective
natural antioxidant that can scavenge free radicals in the
human body. A large number of studies have shown that
GSPs have a wide range of nutritional value and health
care effects,”® and also have a better inhibitory effect on
the development of many cancers, including pancreatic
cancer and cervical cancer.”'” In CSCC, Sun et al sug-
gested that GSPs could suppress the invasion of head and
neck CSCC."" Hence, GSPs might be an effective natural
extract to inhibit the progression of CSCC.

As a special non-coding RNA, the important role of
circular RNA (circRNA) in cancer has been clarified.
CircRNA is proved to have a key regulatory function on
the malignant progression of cancer, and can be used as
a biomarker for cancer treatment and diagnosis.'*'* For
example, hsa circ_ 101996 could increase the proliferation
and invasion of cervical cancer,'* while hsa_circ_103809
had an inhibition on colorectal cancer proliferation and
migration."> Hsa_circ_0070934 was a newly discovered
circRNA with significantly high expression in CSCC,
which had been confirmed to be associated with the pro-
liferation, metastasis and apoptosis of CSCC.'®!”
Therefore, hsa circ 0070934 might be a key target to
regulate CSCC progression.

In our research, we found that GSPs could decrease the
expression of hsa circ 0070934 in CSCC cells, so we
proposed the hypothesis that GSPs mediated the progres-
sion of CSCC by regulating hsa_circ_0070934. In addi-
tion, many evidences indicate that circRNA can act as
a sponge of microRNA (miRNA) to participate in the
regulation of downstream genes.'®'? Further research pro-
posed the existence of the circRNA/miRNA/mRNA axis,
which perfected the potential molecular mechanism of
GSPs regulating CSCC progression.

Materials and Methods

Cell Culture and GSPs Treatment

Human CSCC cell lines (A431 and SCL-1) and normal
epidermal cells (HaCaT) were obtained from Biovector
National Typical Culture Center (NTCC, Beijing, China).
All cells were cultured in DMEM medium (Gibco, Grand
Island, NY, USA) at 37°C with 5% CO, incubator. Fetal
bovine serum (FBS, 10%, Gibco), 100 U/mL penicillin and
100 pg/mL streptomycin (Invitrogen, Carlsbad, CA, USA)

were added to the DMEM medium to prepare the complete
medium. GSPs (Chengdu Must Bio-technology Co., Ltd.,
Sichuan, China) were dissolved in DMSO (Solarbio,
Beijing, China) and prepared to different concentrations
(10, 20 and 40 pg/mL). When the cells reached 80% con-
fluences, the cells were treated with different concentrations
of GSPs for 24 h. Cells were treated with an equal amount of
DMSO as negative control, denoted as 0 pg/mL GSPs.

Cell Transfection

A431 and SCL-1 cells were seeded into 6-well plates and
cultured until the cell density reached 50—60%. Cell trans-
3000
and oligonucleotides were

fection was performed using Lipofectamine
(Invitrogen). All vectors
synthesized from RiboBio (Guangzhou, China), including
hsa circ_0070934 overexpression vector and small inter-
RNA (hsa_circ_0070934

_circ_0070934) or their negative controls (Vector and si-

ference and  si-hsa
NC), miR-136-5p mimic and inhibitor or their negative
controls (NC mimic and NC inhibitor), pcDNA prenylated
Rab acceptor family 2 (PRAF2) overexpression vector and
its control (pcDNA). After transfection for 24 h, the cells
were treated with 20 pg/mL GSPs for 24 h. After that, the

cells were collected for functional experiments.

Quantitative Real-Time PCR (qRT-PCR)
TRIzol reagent (Invitrogen) was used to extract RNA and
SuperScrip VILO™ c¢DNA Synthesis Kit (Invitrogen) was
used to reverse-transcript RNA to cDNA. Then, gqRT-PCR
was conducted using SYBR Green (Solarbio) in PCR
system. Relative expression was normalized to B-actin or
U6 and calculated with 272" method. The sequences of
primers were listed as follows: hsa circ 0070934, F 5'-
GGGTGGTAATATCCGAGGTTCC-3', R 5-TTGTCTTG
AGCTTTCCTGCCT-3"; miR-136-5p, F 5'-GCCGAGACT
CCATTTGTTTTGAT-3', R 5-CAGTGCGTGTCGTGGA
GT-3'; PRAF2, F 5'-CTGGACGACTTTGTTCTGGGG-3',
R 5-GCTCAGGAGCGTATGAAGTGG-3'; GAPDH,
F 5-AAGGCTGTGGGCAAGGTCATC-3’, R 5'-GCGT
CAAAGGTGGAGGAGTGG-3'; B-actin, F 5-ATAGCA
CAGCCTGGATAGCAACGTAC-3', R 5'-CACCTTCTAC
AATGAGCTGCGTGTG-3"; U6, F 5-ATTGGAACGATA
CAGAGAAGATT-3', R 5-GGAACGCTTCACGAATT
TG-3".

Identification of circRNA
The PCR product of hsa circ 0070934 was sequenced.

After genomic DNA (gDNA) was obtained using
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Universal gDNA Extraction Kit (Takara), the cDNA and
gDNA of hsa circ_0070934 and GAPDH were amplified
with convergent primers and divergent primers. The col-
lected PCR products
electrophoresis.

were used for agarose gel

MTT Assay

After transfected or treated, A431 and SCL-1 cells were har-
vested and then re-plated into 96-well plates (2 x 10° cells/
well) and cultured until the cells were attached to the bottom of
the plate. After incubating for 0, 1, 2 and 3 days, MTT solution
(Beyotime, Shanghai, China) was added to cells for 4 h and
then Formazan solution was added to cells for 2 h. The optical
density (OD) value was measured at 570 nm using a microplate
reader (BioTek, Burlington, VT, USA).

Colony Formation Assay

After transfected or treated, A431 and SCL-1 cells were
harvested and then re-seeded into 6-well plates (150 cells/
well). After culturing for 2 weeks, the colonies were fixed
with methanol (Chron Chemicals, Qionglai, China) and
stained with crystal violet solution (Beyotime). Under
a microscope (Olympus, Tokyo, Japan), the colonies
were photographed and their number was counted.

Flow Cytometry

Cell cycle process and cell apoptosis were measured by
this assay. After transfected or treated, A431 and SCL-1
cells were treated with trypsin (Gibco) to collect the cell
suspensions (1 x 10° cells). According to the protocols of
Cell Cycle Analysis Kit (Beyotime), the cell suspensions
were fixed with 70% ethanol at 4°C overnight. After that,
the cells were stained with Propidium lodide and RNase
A for 30 min. Cell cycle distribution was analyzed by
a flow cytometer (BD Bioscience, San Jose, CA, USA).
In addition, according to the protocols of Annexin V-FITC
Apoptosis Detection Kit (Beyotime), the cell suspensions
were suspended with binding buffer and then stained with
Annexin V-FITC and Propidium lIodide. Under a flow
cytometer, the apoptotic cells were analyzed.

Transwell Assay

After transfected or treated, A431 and SCL-1 cells were
collected and resuspended with serum-free medium, and
then seeded in the upper chamber of 24-well Transwell
chamber (BD Bioscience) (2x 10° cells/well for cell
migration and 4 x 10° cells/well for cell invasion). The
chambers pre-coated with a Matrigel (BD Bioscience)

were used to detect cell invasion, and non-coated cham-
bers were used to measure cell migration. Next, complete
medium was added to the lower chamber. After 24 h, the
cells that migrated and invaded to the bottom of the
chambers were fixed with methanol and stained with crys-
tal violet solution, and then their number was counted
under a microscope (Olympus, 100x%).

Western Blot (WB) Analysis

Total protein was isolated using RIPA lysis buffer
(Beyotime). Then, the protein sample was electrophoresed
on 10% SDS-PAGE gel and electro-transferred onto
a PVDF membrane (Millipore, Billerica, MA, USA).
After blockage with skimmed milk, the membrane was
incubated with primary and secondary antibodies one by
one. The primary antibodies were as follows: anti-
proliferating cell nuclear antigen (anti-PCNA, 1:2000,
Boster, Wuhan, China), anti-caspase 3 (1:1000, Beyotime),
anti-MMP-3 (1:2000, Boster), anti-PRAF2 (1:3000, Boster)
and anti-B-actin (1:10,000, Boster). The secondary antibody
was HRP-conjugated AffiniPure goat anti-rabbit IgG (H+L)
(1:10,000, Boster). The signal was developed using
BeyoECL Moon ECL Chemiluminescence Kit (Beyotime).

Dual-Luciferase Reporter Assay

According to the binding sites of miR-136-5p in hsa -
circ_ 0070934 or PRAF2 3'UTR, the wild-type (WT) and
mutant-type (MUT) reporter vectors of hsa circ 0070934
or PRAF2 3'UTR were constructed using pGL3 reporter
vector (Promega, Madison, WI, USA). The reporter vectors
were co-transfected into A431 and SCL-1 cells with miR-
136-5p mimic or NC mimic. After transfection for 48 h,
Dual Luciferase Reporter Gene Assay Kit (Beyotime) was
used for measuring relative luciferase activity.

RIP Assay

EZ-Magna RIP Kit (Millipore) was utilized for RIP assay.
Briefly, A431 and SCL-1 cells were lysed with RIP buffer,
and then the cell lysates were incubated with Protein A/G
magnetic beads conjugated with anti-AGO2 (Millipore) or
anti-IgG (Millipore). After washing with Proteinase K, the
immunoprecipitated RNAs were isolated for detecting the
enrichment of hsa circ 0070934, miR-136-5p and PRAF2
using qRT-PCR.

Subcutaneous Xenograft Models
Ten male BALB/c nude mice (5 weeks old) were obtained
from Vital River (Beijing, China). All animal protocols
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were approved by Jiangxi Province Hospital of Integrated
Chinese and Western Medicine were performed according
to the Guide for the Care and Use of Laboratory Animals.
A431 cells were subcutaneously injected into the right side
of nude mice. When the tumor volume reached about
100 mm’, 5 mice were randomly selected and given
a gavage of GSPs daily (200 mg/kg GSPs), and the other
5 mice were fed the distilled water as control group
(denoted as 0 mg/kg GSPs). The length and width of the
tumor were measured by vernier calipers to calculate the
tumor volume (length x width?/2) every 4 days. After 28
days, the mice were sacrificed and the tumor was photo-
graphed and weighted. Tumor tissue was then collected for
gRT-PCR and WB analysis.

Statistical Analysis

Data were expressed as mean + standard deviation in three
independent replicates. Statistical analyses were performed
using GraphPad Prism 7 software (GraphPad Inc., La
Jolla, CA, USA). Student’s t-test or one-way analysis of
variance was used for comparing the differences between
groups. P<0.05 was defined as statistically significant.

Results

GSPs Reduced hsa circ_0070934
Expression and Inhibited the Malignant
Progression of CSCC

Under the treatment with different concentrations of GSPs,
we found that the expression of hsa circ 0070934 was
significantly reduced in a concentration-dependent manner
in A431 and SCL-1 cells (Figure 1A and B). To assess the
effect of GSPs on the malignant progression of CSCC, we
investigated CSCC cell progression under the treatment
with different concentrations of GSPs. The results showed
that as the increased concentration of GSPs, the viability
and the number of colonies in A431 and SCL-1 cells were
decreased significantly (Figure 1C—E). Subsequently, we
assessed the cell cycle, apoptosis, migration and invasion
ability in A431 and SCL-1 cells treated with 0 ug/mL and
20 pg/mL GSPs. Compared to control (0 pg/mL), GSPs
(20 pg/mL) induced the cell cycle arrest in the GO/G1
phase and reduced the cell number in the S phase, as
well as enhanced the apoptotic cells in A431 and SCL-1
cells (Figure 1F-H). In addition, the migrated and invaded
A431 and SCL-1 cells were also remarkably suppressed
under the treatment with GSPs (Figure 11 and J). More
importantly, we noticed that the effects of different

concentrations of GSPs on CSCC cell apoptosis, migration

and invasion were also concentration-dependent

(Supplementary Figure 1A—C). Moreover, GSPs also

decreased the protein expression levels of proliferation
marker PCNA and metastasis marker MMP-3, while
increased apoptosis marker c-caspase 3/caspase 3 protein
level in A431 and SCL-1 cells (Figure 1K). These data
confirmed that GSPs could hinder CSCC cell progression.

Overexpression of hsa_circ_0070934
Reversed the Regulation of GSPs on
CSCC Cell Progression

To identify the success of the amplified hsa_circ_0070934,
we sequenced the PCR products of the hsa_circ_ 0070934
(Supplementary Figure 2A). Compared to GAPDH,
hsa circ_0070934 only could be amplified by divergent

primers in cDNA but not in gDNA, suggesting that
hsa_circ_0070934 had circular structure (Supplementary
Figure 2B). In A431 and SCL-1 cells, we found that
hsa_circ 0070934 was higher than that in HaCaT cells
3A). To
GSPs regulated CSCC cell progression by regulating
hsa circ_0070934, hsa circ_0070934
constructed.  After

hsa_circ_ 0070934 overexpression vector into A431 and

(Supplementary  Figure confirm whether

overexpression

vector  was transfection  of
SCL-1 cells, the expression of hsa_circ_0070934 was sig-
nificantly enhanced, confirming the transfection efficiency
(Figure 2A). Then, A431 and SCL-1 cells were transfected
with hsa circ 0070934 overexpression vector or vector
and then treated with 20 ug/mL GSPs. We found that the
effect of GSPs on hsa circ 0070934

expression could be abolished by the transfection of

decreasing

hsa_circ_ 0070934 overexpression vector (Figure 2B).
The inhibitory effect of GSPs on the viability and the
number of colonies and the promotion effect on the cell
cycle arrest and apoptosis in A431 and SCL-1 cells could
be reversed by overexpressing hsa circ 0070934 (Figure
2C-H). Besides, overexpressed hsa circ 0070934 also
inverted the migrated and invaded A431 and SCL-1 cells
inhibited by GSPs (Figure 2I-K). WB analysis results
showed that hsa circ 0070934 overexpression could
reverse the suppressive effect of GSPs on the protein
levels of PCNA and MMP-3 and the enhancing effect on
c-caspase 3/caspase 3 protein level in A431 and SCL-1
cells (Figure 2L). All results revealed that GSPs inhibited
CSCC progression by regulating hsa circ_0070934.
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Figure 1 GSPs regulated hsa_circ_0070934 expression and the malignant progression of CSCC. A43| and SCL-I cells were treated with different concentrations of GSPs for
24 h. (A and B) The expression of hsa_circ_0070934 was measured by qRT-PCR. MTTassay (C and D) and colony formation assay (E) were used to detect cell viability and the number of
colonies to assess cell proliferation. (F-H) Flow cytometry was performed to determine the cell cycle process and apoptotic cells. (I and J) The numbers of migrated and invaded cells
were evaluated by transwell assay. (K) The protein levels of PCNA, c-caspase 3/caspase 3 and MMP-3 were examined using WB analysis. *P < 0.05.

Hsa_circ_0070934 Could Serve as influencing CSCC progression, we used bioinformatics
a Sponge of miR-1 36'5P software to predict miRNAs that could interact with

In order to elucidate the molecular mechanism by . .
which GSPs regulated hsa_CiI'C_OO70934 and thus base.sysu.edu.Cn/starbase2/1ndex.php) predlcated that

hsa_circ_0070934. The starBase software (http://star
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Figure 2 GSPs inhibited CSCC cell progression by regulating hsa_circ_0070934. (A) The transfection efficiency of hsa_circ_0070934 overexpression vector was assessed
by detecting hsa_circ_0070934 expression in A431 and SCL-1 cells using qRT-PCR. (B-L) A431 and SCL-1 cells were transfected with Vector or hsa_circ_0070934
overexpression vector, and then treated with GSPs. Non-transfected cells were used as GSPs group. Non-transfected and non-treated cells were used as control group. (B)
QRT-PCR was employed to detect hsa_circ_0070934 expression. Cell viability and the number of colonies were determined using MTT assay (C and D) and colony
formation assay (E) to evaluate cell proliferation. (F-H) Cell cycle process and apoptotic cells were measured by flow cytometry. (I-K) Transwell assay was performed to
assess the numbers of migrated and invaded cells. (L) WB analysis was utilized to test the protein levels of PCNA, c-caspase 3/caspase 3 and MMP-3. *P < 0.05.

miR-136-5p had binding sites with hsa circ_0070934
(Figure 3A). Subsequently, we constructed miR-136-5p
mimic and confirmed that miR-136-5p mimic could
indeed improve the expression of miR-136-5p in
A431 and SCL-1 cells (Figure 3B). Then, miR-136-5p
mimic or NC mimic and the pGL3 reporter vectors
were co-transfected into A431 and SCL-1 cells to per-
form dual-luciferase reporter assay. The results showed
that miR-136-5p mimic reduced the luciferase activity
of pGL3-hsa circ 0070934-WT vector, while had no
effect on that of the pGL3-hsa circ_0070934-MUT
vector (Figure 3C and D). Furthermore, the enrich-
ments of hsa circ 0070934 and miR-136-5p could be

increased in anti-AGO2 compared with that in
anti-IgG (Figure 3E and F). MiR-136-5p expression
could be significantly inhibited by overexpressing
hsa circ 0070934 in A431 and SCL-1 cells (Figure
3G). After silencing the hsa circ_0070934 expression
using si-hsa_circ_0070934, the expression of miR-136-
5p was markedly increased in A431 and SCL-1 cells
(Figure 3H and I). Compared to HaCaT cells, miR-136-
5p was markedly downregulated in A431 and SCL-1
cells (Supplementary Figure 3B). In addition, miR-136-

Sp expression also was enhanced in A431 and SCL-1
cells with the increase in GSPs’ concentration (Figure
3J and K), which was contrary to the expression trend
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QRT-PCR was used to detect miR-136-5p expression to confirm the transfection efficiency of miR-136-5p mimic. Dual-luciferase reporter assay (C and D) and RIP assay
(E and F) were utilized to assess the interaction between hsa_circ_0070934 and miR-136-5p. (G) MiR-136-5p expression in A431 and SCL-1 cells transfected with Vector or
hsa_circ_0070934 overexpression vector was measured by qRT-PCR. (H) The transfection efficiency of si-hsa_circ_0070934 was determined by measuring hsa_-
circ_0070934 expression using qRT-PCR. (I) After transfecting with si-hsa_circ_0070934 or si-NC, the expression of miR-136-5p in A431 and SCL-1 cells was tested by qRT-
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of hsa circ 0070934. These results suggested that
hsa circ 0070934 could sponge miR-136-5p.

MiR-136-5p Reversed the Regulation of
hsa_circ_0070934 on the Progression of
GSPs-Treated CSCC Cells

To confirm that GSPs regulated the hsa circ_0070934/
miR-136-5p axis to mediate CSCC progression, A431
SCL-1 with
hsa circ_0070934 overexpression vector and miR-136-5p

and cells  were  co-transfected
mimic, followed by treating with GSPs. The addition of
miR-136-5p mimic promoted the miR-136-5p expression
inhibited by hsa circ 0070934 overexpression in GSPs-
treated A431 and SCL-1 cells (Figure 4A). Then, we
found that miR-136-5p mimic could reverse the enhancing
effect of hsa circ 0070934 overexpression on the viabi-
lity, the number of colonies and cell cycle process, as well
as the suppressing effect on the apoptosis in GSPs-treated

A431 and SCL-1 cells (Figure 4B-G). Also, the migration

and invasion of GSPs-treated A431 and SCL-1 cells pro-
moted by hsa circ_ 0070934 overexpression also could be
abolished by miR-136-5p mimic (Figure 4H-K). In addi-
tion, miR-136-5p overexpression also reversed the promo-
tion of hsa circ 0070934 on PCNA and MMP-3 protein
levels and the inhibition on c-caspase 3/caspase 3 protein
level in GSPs-treated A431 and SCL-1 cells (Figure 4L).
Therefore, all data confirmed that the hsa circ_ 0070934/
miR-136-5p axis was involved in the regulation of GSPs
on CSCC progression.

MiR-136-5p Directly Targeted PRAF2

At the same time, the starBase software also was used to
predict the targets of miR-136-5p and it was found that the
3'UTR of PRAF2 could bind to miR-136-5p (Figure 5A).
Also, miR-136-5p mimic could inhibit the luciferase activ-
ity of pGL3-PRAF2 3'UTR-WT vector without affecting
that of the pGL3-PRAF2 3'UTR-MUT vector (Figure 5B
and C). Compared to anti-IgG, PRAF2 and miR-136-5p
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Figure 4 Hsa_circ_0070934 sponged miR-136-5p to regulate the progression of GSPs-treated CSCC cells. A431 and SCL-1 cells were transfected with Vector,
hsa_circ_0070934, hsa_circ_0070934 + NC mimic or hsa_circ_0070934 + miR-136-5p mimic, and then treated with GSPs. (A) MiR-136-5p expression was measured by
qRT-PCR. MTT assay (B and C) and colony formation assay (D) were performed to measure cell viability and the number of colonies to evaluate cell proliferation. (E-G)
Cell cycle process and apoptotic cells were analyzed using flow cytometry. (H-K) The numbers of migrated and invaded cells were determined using transwell assay. (L) WB
analysis was used to measure the protein levels of PCNA, c-caspase 3/caspase 3 and MMP-3. *P < 0.05.

markedly enriched in anti-AGO2 (Figure SD and E).
Furthermore, we discovered that the mRNA expression of
PRAF2 could be repressed by miR-136-5p mimic (Figure
5F), and it also could be promoted by miR-136-5p inhibitor
after confirming the transfection efficiency of miR-136-5p
inhibitor (Figure 5G-H). At the protein level, PRAF2
expression was also reduced by miR-136-5p mimic and
enhanced by miR-136-5p inhibitor in A431 and SCL-1
cells (Figure 51 and J). In addition, we discovered that
PRAF2 protein expression was also upregulated in A431
and SCL-1 cells compared to HaCaT cells (Supplementary

Figure 3C). Moreover, under the treatment with different
concentrations of GSPs, the mRNA and protein expression
of PRAF2 were
concentration-dependent

levels significantly decreased in
(Figure 5K-N).

Additionally, overexpressed hsa circ 0070934 also could

a manner
promote the mRNA and protein expression levels of
PRAF2 in GSPs-treated A431 and SCL-1 cells, while
these effects could be reversed by miR-136-5p mimic
(Figure 50 and P). All results confirmed that PRAF2 was
a target of miR-136-5p, and hsa circ 0070934 could
sponge miR-136-5p to regulate PRAF2.
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(K-N) QRT-PCR and WB analysis were used to determine the mRNA and protein expression of PRAF2 in A43I

and SCL-I cells treated with

different concentrations of GSPs. (O and P) A43| and SCL-1 cells were transfected with Vector, hsa_circ_0070934, hsa_circ_0070934 + NC mimic or
hsa_circ_0070934 + miR-136-5p mimic, and then treated with GSPs. The mRNA and protein expression levels of PRAF2 were assessed using qRT-PCR and

WB

analysis. *P < 0.05.
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MiR-136-5p Inhibited CSCC Cell
Progression by Targeting PRAF2

The pcDNA PRAF2 overexpression vector was con-
structed and it was found that it could markedly enhance
the mRNA and protein expression levels of PRAF2 in
A431 and SCL-1 cells (Figure 6A and B). To further
confirm that miR-136-5p indeed targeted PRAF2 to reg-
ulate CSCC progression, miR-136-5p mimic and pcDNA
PRAF2 overexpression vector were co-transfected into
A431 and SCL-1 cells. By detecting the mRNA and pro-
tein expression of PRAF2, we discovered that the decreas-
ing of miR-136-5p mimic on PRAF2 expression could be
recovered by pcDNA PRAF2 overexpression vector
(Figure 6C and D). MiR-136-5p overexpression could
suppress the cell viability and the number of colonies
while inducing cell cycle arrest and apoptosis in A431
and SCL-1 cells. However, these effects could be reversed
by PRAF2 overexpression (Figure 6E-J). Meanwhile, the
numbers of migrated and invaded A431 and SCL-1 cells
repressed by miR-136-5p mimic were inverted by over-
expressing PRAF2 (Figure 6K-M). The inhibitory effect
of miR-136-5p mimic on the protein levels of PCNA and
MMP-3 and the promoting effect on c-caspase 3/caspase 3
also could be abolished by overexpressing PRAF2 (Figure
6N). These results demonstrated that miR-136-5p targeted
PRAF?2 to hinder CSCC progression.

GSPs Restrained CSCC Tumor Growth
by Regulating the hsa_circ_0070934/
miR-136-5p/PRAF2 Axis

For assessing the function of GSPs on CSCC tumor
growth, we constructed a subcutaneous xenograft tumor
using A431 cells. After GSPs treatment for 28 days, the
tumor volume of the GSPs treatment group mice was
markedly lower than the control group (Figure 7A).
When the tumor was taken out for observation and weight-
ing, we found that the tumor size and weight were sig-
nificantly reduced in the GSPs treatment group (Figure 7B
and C). To confirm the regulation of GSPs on CSCC tumor
growth was mediated by the hsa circ_0070934/miR-136-
Sp/PRAF2 axis, we detected the expression of
hsa_circ_0070934, miR-136-5p and PRAF2 in the tumor
tissues. The results showed that hsa circ_ 0070934 expres-
sion was decreased, miR-136-5p expression was enhanced,
and PRAF2 mRNA and protein expression was inhibited
in the GSPs treatment group (Figure 7D-G). Hence, we

confirmed that GSPs suppressed CSCC tumor growth via
the hsa_circ_0070934/miR-136-5p/PRAF?2 axis.

Discussion

In recent years, natural extracts have shown great poten-
tial in inhibiting the malignant progression of cancer. For
example, resveratrol was found to suppress the invasion
and metastasis of colon cancer,zo and curcumin had been
discovered to have the potential to treat glioblastoma
multiforme.?! However, the potential molecular mechan-
isms of natural extracts to exert anti-cancer effects
remain to be further elucidated. Here, we investigated
the effect of GSPs on CSCC progression. Compared to
the previous study,'' we confirmed that GSPs had an
inhibitory effect on CSCC cell invasion. In addition, we
also showed that GSPs could hinder the proliferation,
migration and cell cycle processes while promoting the
apoptosis of CSCC cells. In animal experiments, mice
given GSPs gavage showed smaller tumor volume and
weight than the control group, which once again con-
firmed the anti-tumor effect of GSPs in vivo. These
results provided the evidence that GSPs might have the
potential to treat CSCC.

CircRNA is an important participant in human cancer
progression and its high stability gives it great potential as
a therapeutic target for cancer. In our study, we discovered
that GSPs could decrease hsa_circ_ 0070934 expression in
CSCC cells, and this effect was gradually enhanced with
the increase of GSPs concentration. In past studies, hsa_-
circ_0070934 had been found to promote the proliferation
and metastasis of CSCC.'®!'” This suggested that hsa -
circ_0070934 might play pro-cancer in CSCC. Here, our
data showed that hsa circ 0070934 overexpression could
reverse the inhibitory effect of GSPs on CSCC progres-
sion, which confirmed that GSPs inhibited CSCC progres-
by decreasing hsa circ_0070934
Hsa circ 0070934 also played an oncogenic role in

sion expression.

CSCC in our study, which was similar to the previous
results.'®!”

Studies have confirmed that circRNA has many bind-
ing sites of miRNA, which can be used as the competitive
endogenous RNA (ceRNA) to inhibit miRNA function.?
In order to reveal other new mechanisms by which hsa_-
circ_0070934 regulated CSCC progression, we used bioin-
formatics analysis to find that miR-136-5p could be
targeted by hsa circ_0070934. MiR-136-5p was lowly
expressed in many cancers. Previous studies showed that
miR-136-5p had anti-proliferation and anti-metastasis
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Figure 6 MiR-136-5p inhibited CSCC cell progression by targeting PRAF2. (A and B) The transfection efficiency of pcDNA PRAF2 overexpression vector was evaluated by
detecting the mRNA and protein expression of PRAF2 in A431 and SCL-| cells using qRT-PCR and WB analysis. (C and D) A431 and SCL-1| cells were transfected with NC
mimic, miR-136-5p mimic, miR-136-5p mimic + pcDNA or miR-136-5p mimic + PRAF2. (C and D) The mRNA and protein expression of PRAF2 was measured by qRT-PCR
and WB analysis. Cell viability and the number of colonies were analyzed using MTT assay (E and F) and colony formation assay (G) to assess cell proliferation. (H-J) Flow
cytometry was utilized to detect cell cycle process and apoptotic cells. (K—M) Transwell assay was employed to evaluate the numbers of migrated and invaded cells. (N) The
protein levels of PCNA, c-caspase 3/caspase 3 and MMP-3 were detected using WB analysis. *P < 0.05.
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Figure 7 GSPs restrained CSCC tumor growth via regulating the hsa_circ_0070934/miR-136-5p/PRAF2 axis. A431 cells were injected into nude mice, and then the mice
were given a gavage of 200 mg/kg GSPs daily (0 mg/kg GSPs was used as control group) when the tumor volume reached about 100 mm?>. (A) Tumor volume was measured
every 4 days. (B and C) After the tumor was removed, the tumor was photographed and weighted. (D and E) The expression of hsa_circ_0070934 and miR-136-5p was
measured by qRT-PCR. (F and G) The mRNA and protein expression of PRAF2 was determined using qRT-PCR and WB analysis. *P < 0.05.

found that miR-136 was a significantly downregulated
miRNA in CSCC.?® In this study, our data suggested that
miR-136-5p could be promoted by GSPs in vitro and
in vivo, and it also could reverse the enhancing effect of
hsa circ 0070934 on the progression of GSPs-treated
CSCC cells. These results confirmed that GSPs reduced
hsa circ 0070934 expression to promote miR-136-5p
expression, thereby regulating CSCC progression.

Further experiments revealed that PRAF2 was a target
of miR-136-5p. PRAF2, a member of the PRA1 family, is
an endosomal multi-pass membrane protein.”® Highly
expressed PRAF2 can be detected in many cancers, and
the high expression of PRAF2 often indicates poor prog-
nosis for cancer patients.’>*' It had been reported that
PRAF2 was overexpressed in CSCC and could promote
CSCC migration and proliferation.** In our study, the
inhibitory effect of miR-136-5p on CSCC progression
could be reversed by PRAF2, suggesting that PRAF2
also could facilitate CSCC proliferation, cell cycle pro-
cess, migration, invasion, and reduce apoptosis. More
importantly, the expression of PRAF2 could be decreased
by GSPs and positively regulated by hsa circ_0070934.
These results confirmed the existence of the
hsa_circ_0070934/miR-136-5p/PRAF2 axis and provided
the evidence that GSPs regulated the hsa circ_0070934/
miR-136-5p/PRAF2 axis in CSCC.

Above all, our study revealed that GSPs suppressed
CSCC progression, which was mainly achieved by

regulating the hsa circ_0070934/miR-136-5p/PRAF2
axis. Our findings illuminated the potential molecular
mechanism of GSPs anti-cancer function, which provided
a theoretical basis for GSPs to become an effective natural

extract for CSCC treatment.

Highlights

1. GSPs inhibit CSCC cell growth and metastasis in vitro
and tumor growth in vivo.

2. GSPs restrain CSCC progression by regulating
hsa_circ_0070934.

3. Hsa_circ_0070934 serves as a sponge of miR-136-5p in
CSCC.

4. MiR-136-5p targets PRAF2 in CSCC.
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