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SNAI2 enhances HPV-negative cervical cancer cell dormancy
by modulating u-PAR expression and the activity of
the ERK/p38 signaling pathway in vitro
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Abstract. The prognosis of patients with human papil-
lomavirus (HPV)-negative cervical cancer is significantly
worse than that of patients with HPV-positive cervical
cancer. Understanding the mechanisms of this is crucial
for preventing disease evolution. In the present study, the
GV367-snail family transcriptional repressor 2 (SNAI2) lenti-
viral vector was constructed and transduced into C-33A cells.
Subsequently, the proliferation of tumor cells was detected
using the Cell Counting Kit (CCK)-8 method. Flow cytom-
etry was used to analyze the cell cycle progression of tumor
cells. The glucose consumption of tumor cells was detected
using an oxidase assay, and the senescence of tumor cells was
detected using beta-galactosidase staining. The gene expres-
sion and the activity of p38 and ERK1/2 were detected using
reverse transcription-quantitative PCR and western blotting,
respectively. The C-33A-SNAI2 cell line was successfully
established. Compared with HeLLa and C-33A-Wild cells,
the proliferation and percentage of GO/Gl-phase cells in the
C-33A-SNAI2 group were decreased, as detected by the CCK-8
assay (100+0 vs. 239.1+58.3 vs. 39.7+20.1, P<0.01) and flow
cytometry (34.0+7.1% vs. 46.2+10.6% vs. 61.3+5.3%, P<0.05).
Compared with the HeLa group, the glucose consumption of
the C-33A-Wild and C-33A-SNAI2 groups was significantly
decreased (P<0.01). The results of beta-galactosidase staining
showed that the proportion of beta-galactosidase-positive
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cells in the C-33A-SNAI2 group was significantly decreased
compared with the C-33A-Wild group (P<0.01). Upregulation
of SNAI2 enhanced the increase in p21 expression, and the
decrease in CDK1, urokinase plasminogen activator receptor
(u-PAR) and cyclin D1 expression in C-33A cells compared
with C-33A-Wild cells (P<0.05). In addition, the activities of
p38, ERK1/2 and the phosphorylated (p)-ERK1/2/p-p38 ratio
were decreased in the C-33A-SNAI2 group compared with
the C-33A-Wild and HeLa groups (P<0.05). In conclusion,
SNAI2 enhanced HPV-negative cervical cancer C-33A cell
dormancy, which was characterized by GO/G1 arrest, by the
downregulation of u-PAR expression, and a decrease in the
activity of the p-ERK1/2 and p-p38MAPK signaling pathways
in vitro. Cancer recurrence and metastases are responsible
for most cancer-related deaths. Given that SNAI2 is required
for enhancing HPV-negative cervical cancer cell dormancy,
regulating this process may promote cervical tumor cells to
enter a continuous dormant state, which could be a potential
approach for tumor therapy.

Introduction

Globally, cervical cancer is the third most common tumor
and the fourth most common cause of cancer-related death in
women (1). The 5-year survival rates for progressive cervical
cancer are low, at ~55%, and these rates range from 26.7-56% for
recurrent cervical cancer (2). The majority of cervical cancer
cases are associated with certain types of high-risk types of
human papillomavirus (HPV) infection (3). However, 3-8%
of cervical cancer cases are persistently HPV-negative (4). In
addition, patients with HPV-negative cervical cancer have a
worse prognosis than patients with HPV-positive cervical
cancer (4).

Cancer recurrence and metastases are associated with
cancer dormancy, and are the leading cause of cancer-related
death in patients (5). Cancer dormancy may explain for tumor
refractoriness and the phenomenon that initial treatment of
the primary tumor cannot cure the malignancy (6). Previous
studies by the authors confirmed that breast cancer cells
seeded at metastatic sites had a lower proliferative potential
and remained quiescent over a long period of time (7); then,
after a long time, they resumed active growth and progression
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when the microenvironmental conditions of the metastatic site
shifted to support tumor expansion (8). Therefore, illuminating
the mechanisms regulating dormancy is critical for defending
against disease recurrence in patients with HPV-negative
cervical cancer.

The snail family transcriptional repressor 2 (SNAI2)
gene is an evolutionarily conserved C2H2 zinc finger protein
that coordinates biological processes critical for tissue
development and tumorigenesis (9,10). It is a ubiquitous
phenomenon that SNAI2 is aberrantly expressed in human
cancers and clearly indicates poor prognosis in patients
with cancer (9,11,12). Upregulated expression of SNAI2, or
its dysregulation, suggests malignant characteristics during
cancer progression (9-11,13). In addition, SNAI2 plays
a prominent role in tumor proliferation, metastasis and
angiogenesis (8). However, the role of SNAI2 in dormancy,
especially that of HPV-negative cervical cancer cells, has
not been fully elucidated. Therefore, the present study
investigated whether SNAI2 participated in HPV-negative
cervical cancer cell dormancy. The present study indicated
that SNAI2 enhanced HPV-negative cervical cancer cell
dormancy, which was characterized by GO/GI arrest, by
downregulating the expression of urokinase plasminogen
activator receptor (u-PAR), the activity of the ERK1/2 and
p38MAPK signaling pathways, and by further regulating the
expression of proliferation-associated genes (downregulation
of cyclin D1 and CDKI1, upregulation of p21 expression)
in vitro. Interference with this process may provide new
therapeutic strategies for inhibiting the metastatic switch
from dormancy to proliferation.

Materials and methods

Cells and reagents. The cervical cancer C33A (HPV-negative)
and HeLa (HPV-positive) cell lines were purchased from the
Type Culture Collection of the Chinese Academy of Sciences,
and maintained in Dulbecco's modified Eagle's medium
(Gibco; Thermo Fisher Scientific, Inc.) with high glucose, 10%
fetal bovine serum (Gibco; Thermo Fisher Scientific, Inc.). The
cells were maintained in 6-cm plates at 37°C in an incubator
with 5% CO,. The C-33A-Wild group are untransfected C-33A
cervical cancer cells.

Cell transduction. To induce upregulation of SNAI2, the
coding sequences of SNAI2 was synthesized and cloned
into the GV367 overexpression plasmids by JIKAI GENE
Company (https://www.genechem.com.cn/). Subsequently,
lentiviruses were produced by transfecting the 293T cells
using Lipofectamine 2000 (cat. no. 11668019; Thermo
Fisher Scientific, Inc.) with GV367-Ctrl and GV367- SNAI2
vectors. After 48 h, the virus supernatants were harvested,
filtered and concentrated. Subsequently, the lentiviruses
were added to the medium, supplied with 5 yg/ml polybrene
(cat. no. REVGO0001; JIKAI GENE; https://www.genechem.
com.cn/) to infect the C-33A cells at 37°C in an incubator
with 5% CO, for 96 h. Multiplicity of infection was 20.
Finally, the cell lines with a stable overexpression were
constructed by treating the cells with 2.5 ug/ml puromycin
(cat. no. HB-PU-1000; Hanbio Biotechnology Co., Ltd.)
for 2 weeks.

Gene expression assessed by reverse transcription-
quantitative polymerase chain reaction (RT-qPCR). RNA
was extracted from cells with TRIzol® reagent (Invitrogen;
Thermo Fisher scientific, Inc.). The relative quantity of mRNA
was determined by RT-qPCR, as previously described (8).
The primer sequences were as follows: SNAI2 sense, 5'-AGG
AATCTGGCTGCTGTG-3' and antisense, 5'-GGAGAAAAT
GCCTTTGGAC-3'; Cyclin D1 sense, 5'-CAGATCATCCGC
AAACACG-3' and antisense, 5-GGGACATCACCCTCA
CTTAC-3'; u-PAR sense, 5-GAGCTATCGGACTGGCTT
GAA-3' and antisense, 5'-CGGCTTCGGGAATAGGTG
AC-3"; CDK1 sense, 5'-AAACTACAGGTCAAGTGGTAG
CC-3' and antisense, 5S"TCCTGCATAAGCACATCCTGA-3'
p21 sense, 5'-GGACAGCAGAGGAAGACCATGT-3', and
antisense, 5S"TGGAGTGGTAGAAATCTGTCATGC-3"; and
GAPDH sense, 5"TCATTGACCTCAACTACATGGTTT-3'
and antisense, 5'-GAAGATGGTGATGGGATTTC-3'.

Cell cycle analysis by flow cytometry. The tumor cells
(1.0x10%/well) were cultured in 6-well plates for 3 days, and
were then analyzed using propidium iodide (Molecular
Probes; Invitrogen; Thermo fisher scientific, Inc.) to discrimi-
nate non-viable cells. DNA synthesis or the total DNA content
were measured by flow cytometry using a FACSCalibur flow
cytometer (BD Accuri™ C6; BD Biosciences). FlowJo soft-
ware (version 7.6.1; FlowJo LLC) was used for analysis of the
results.

Glucose consumption detected by oxidase assay. The tumor
cells (1.0x10%/well) were cultured in 96-well plates for 2 days.
The glucose consumption in cervical cancer cells, with or
without upregulation of SNAI2, was detected by oxidase assay
(cat.no.09000238813; Shanghai Rongsheng Biotech Co.,Ltd.),
according to the manufacturer's protocol.

Senescence assay by senescence-associated beta-
galactosidase (SA-beta-Gal) staining. The cells (C-33A-Wild,
C-33A-SNAI2, HeLa and HeLa-H,0,) were plated at a density
of 3x10° cells/well in 10% FBS-containing medium. The
HeLa-H,0, group cells were prepared by incubating the cells
with 0.9908 mmol/l H,0, at 37°C for 4 h. The senescence of
tumor cells was detected by SA-beta-Gal staining at room
temperature for 15 min (cat. no. C0602; Beyotime Institute of
Biotechnology), according to the manufacturer's protocol.

Cell Counting Kit-8 (CCK-8) proliferation assay. The cells
(1x10%/well) were resuspended in 100 ul 10% FBS-containing
medium and were cultured on plates for 24 h. The CCK-8 assay
(WST; Dojindo Laboratories, Inc.) was then used to measure
cell proliferation according to the manufacturer's protocol.
The cells were incubated with 10 ul CCK-8 buffer and 90 ul
of DMEM at 37°C for 4 h. The OD value was then measured
at 450 nm.

Western blot assay (WB). WB was performed as previously
described (8). Total protein was extracted from the cells using
RIPA buffer (Thermo Fisher Scientific, Inc.). The protein
concentration was measured using the Bradford Protein Assays
(Thermo Fisher Scientific, Inc.). A total of 40-70 ug proteins
were then separated by SDS-PAGE on 12% gels, followed by
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Figure 1. The differential expression of SNAI2 in cervical cancer cells, and establishment of cervical cancer cells stably expressing SNAI2. (A) The mRNA
expression of SNAI2, as detected by RT-qPCR in cervical cancer cells. (B and C) Exogenous SNAI2 was stably overexpressed in human papillomavirus-
negative cervical cancer cells via transduction with GV-SNAI2 lentiviral particles; SNAI2 expression was detected by RT-qPCR, western blotting and
fluorescence microscopy in the indicated groups. (C) Magnification of fluorescence microscopy images is shown in the figure. “P<0.01. SNAI2, snail family
transcriptional repressor 2; RT-qPCR, reverse transcription-quantitative PCR.

transfer onto PVDF membranes. The PVDF membranes were  Biotechnology, Inc.), ERK1/2 (1:1,000; cat. no. sc-514302;
blocked with 5% non-fat milk and incubated with primary  Santa Cruz Biotechnology, Inc.), phosphorylated (p-)ERK1/2
antibodies [SNAI2 (1:1,000; cat. no. sc-166476; Santa Cruz  (1:2,000; cat. no. sc-7976; Santa Cruz Biotechnology, Inc.),
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Figure 2. Upregulation of SNAI2 could suppress proliferation, as detected by
the CCK-8 method in human papillomavirus-negative cervical cancer cells.
“P<0.01. CCK-8, Cell Counting Kit-8.

p38 (1:1,000; cat. no. 9212; Cell Signaling Technology, Inc.),
p-p38 (1:1,000; cat. no. 9211; Cell Signaling Technology, Inc.)
and pB-actin (1:2,000; cat. no. 4967; Cell Signaling Technology,
Inc.)] at 4°C overnight. After washing with PBS-Tween
(Beyotime Institute of Biotechnology), the membranes were
incubated with secondary antibodies for 2 h at room tempera-
ture. All bands were washed in TBS with 0.05% Tween-20
and immunoblotted with peroxidase-conjugated anti-mouse or
anti-rabbit secondary antibodies, respectively. The bands were
detected using an enhanced ECL-Plus kit (cat. no. P1010-25;
Applygen Technologies, Inc.) and exposed to film. ImageJ
2019 (National Institutes of Health) was used for densitometry.
Actin protein was used for all western blotting as a loading
control.

Statistical analysis. Results were expressed as the
mean + standard deviation of three independent experiments
with a total of six samples and interpreted by one-way ANOVA
followed by Tukey's post hoc test. P<0.05 was considered to
indicate a statistically significant difference. SPSS software
(version 17.0; SPSS, Inc.) was used for statistical analyses.

Results

Establishment of HPV-negative cervical cancer cells with
stable expression of SNAI2. SNAI2 expression was detected
using RT-qPCR and WB in cervical cancer cell lines. A high
level of SNAI2 expression was detected in the HPV-positive
cervical carcinoma HeLa cell line, but almost no SNAI2
expression was detected in the HPV-negative cervical carci-
noma C-33A cell line (Fig. 1A and B).

To further investigate the function of SNAI2 in
HPV-negative cervical cancer cells, exogenous SNAI2 was
stably overexpressed in C-33A cells (C-33A-SNAI2) using
GV367-SNAI2 lentiviral particles, and expression was deter-
mined using RT-qPCR, WB and fluorescence microscopy
(Fig. 1C). The results showed that the mRNA and protein
expression levels of SNAI2 were high in C-33A-SNAI2 cells

(Fig. 1).

SNAI2 promotes HPV-negative cervical cancer cell dormancy
invitro. To investigate whether SNAI2 expression promoted the
dormancy of HPV-negative cervical cancer cells, C-33A-Wild,
C-33A-SNAI2 and HelLa cells were first cultured for 24 h, and
cell proliferation was tested using the CCK-8 method. The
results revealed that the viability of C-33A-SNAI2 cells was
significantly lower than that of their respective control cells
(C-33A-Wild and HeLa), indicating that upregulation of the
SNAI2 gene suppressed the proliferation of HPV-negative
cervical cancer C-33A cells (Fig. 2).

It was further investigated whether the upregulation of
SNAI2 affected the cell cycle regulation in HPV-negative
cervical cancer C-33A cells. The present results revealed that a
high percentage of HPV-negative cervical cancer C-33A cells
remained in the GO/G1 phase, with a smaller S and G2/M
cell population, when SNAI2 expression was upregulated,
suggesting that the cells remained arrested at GO phase
(Fig. 3). In addition, HPV-positive cervical cancer HeLa cells
maintained the highest viability, with the smallest population
in the GO/G1 phase. In conclusion, SNAI2 may administrate
difference function in HPV-positive and HPV-negative
cervical cancer cells.

All of these results demonstrated that overexpression of
the SNAI2 gene inhibited the proliferation of HPV-negative
cervical cancer cells by inducing cell cycle arrest during the
GO0/G1 phase of the cell cycle.

Senescence plays a fundamental role in some age-related
diseases, such as osteoarthritis, glaucoma, diabetes and
cancer (14). The critical characteristic for senescence is cell
cycle arrest; and senescent cells exhibit permanent proliferation
arrest with increased expression of cell cycle inhibitors (15),
meaning that senescent cells cannot restart proliferation after
release from cell cycle arrest (14,15).

To further examine whether SNAI2-mediated C-33A cell
cycle arrest was due to the promotion of cell entry into
dormancy or senescence, tumor cells were stained for expres-
sion of the senescence marker SA-beta-Gal. It was observed
that C-33A-SNAI2 cells lacked the typical morphological
signs of senescence (including cell enlargement, flattening
and long cytoplasmic projections), and the percentage of
cells positive for the senescence marker SA-beta-Gal was
significantly decreased in C-33A-SNAI2 cells, compared with
that in C-33A-Wild cells, indicating that the upregulation of
SNAI2 was required for the proliferating-to-dormant switch
of HPV-negative cervical cancer C-33A cells via the induction
of GO/GI arrest, but not the enhancement of cell senescence
(Fig. 4A and B).

Glucose plays an important role in the survival and prolif-
eration of tumor cells, and it was previously demonstrated that
the dependence of cancer cells on glucose promotes survival
and cellular proliferation (16). To further identify whether the
upregulation of the SNAI2 gene was involved in regulating
glucose consumption in C-33A cells, glucose consumption of
tumor cells was assessed using oxidase assays. The present
results revealed that C-33A-SNAI2 cells had lower glucose
consumption than C-33A-Wild and HeLa tumor cells (Fig. 4C).

SNAI2 regulates the expression of proliferation-related
genes by suppressing the ERK/p38 pathway ratio. SNAI2
is involved in mediating the proliferation, metastasis and
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Figure 3. Overexpression of SNAI2 in human papillomavirus-negative cervical cancer cells could hinder cell cycle transition from G1 to S phase.
(A) Representative images of cell phase. (B) Quantitative analysis of flow cytometric results in panel A. "P<0.05. SNAI2, snail family transcriptional repressor 2.

A C-33A-Wild C-33A-SNAI2
Hela Hela-H202

B C
5 507 . 1 S
< 40 g 15 —
o E_ -
+ 20 SE
g 10 2E 5
a 0 8
= g g o) 5 073 ] o]
2 2 2 g o < £ 9
< O L =z . T
o & © @D <
Q ® [} < 8
o o T g f
o : o
o

Figure 4. SNAI2 expression could not promote human papillomavirus-negative cervical tumor cell senescence, as detected by beta-galactosidase staining.
(A) (a) C-33A-Wild, (b) C-33A-SNAI2, (c) HeLa, (d) HeLa-H,O, cells; arrows indicate senescent cells (magnification, x20). (B) Quantitative analysis of
beta-galactosidase staining in panel A. (C) Overexpression of SNAI2 could decrease glucose consumption, as assessed by oxidase assay. ‘P<0.05 and “P<0.01.

SNAI2, snail family transcriptional repressor 2.

angiogenesis of tumors (17). SNAI2 enhances the kinase
activity of cyclin D1/CDK4/CDKG6, which is a central mediator
in the transition from the Gl to the S phase, to further promote
the switch to tumor cell proliferation (18). Therefore, SNAI2
may participate in the proliferating-to-dormant switch of tumor
cells.

The u-PAR is identified in tumor cells with a high potential
for invasion, metastasis, dormancy and proliferation, upon
downregulation of which, the p38SAPK pathway is induced,
and a GO/G1 arrest representing tumor cell dormancy is
initiated (19).

To confirm the role of SNAI2 in the prolifera-
tion-to-dormancy switch of HPV-negative cervical cancer
cells, the dormant tumor cells were analyzed using RT-qPCR
and WB. As demonstrated in Fig. 5A, the upregulation of
SNAI2 could enhance the increase in p21 expression, and
the decrease in CDK1, u-PAR and cyclin D1 expression in
C-33A cells, compared with that of C-33A-Wild cells.

A previous study reported that the ERK activity level
and ERK/p38 activity balance are valid general predictors of
tumorigenicity and dormancy, and a high ERK/p38 ratio allows
for cell cycle progression and tumor growth (20). Disruption of
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Figure 5. SNAI2 regulates the expression of proliferation-related genes by suppressing the ERK/p38 pathway ratio. (A) The proliferated-related gene expres-
sion was analyzed by reverse transcription-quantitative PCR. (B and C) p-p38 and p-ERK were detected by WB. (D) The ratio of ERK/p38 was calculated
by densitometric analysis of WB. "P<0.05 and “P<0.01. SNAI2, snail family transcriptional repressor 2; p-, phosphorylated; WB, western blotting; CDK,

cyclin-dependent kinases; u-PAR, urokinase plasminogen activator receptor.

HPV negative cell

Figure 6. Schematic diagram. SNAI2 enhances HPV-negative cervical cancer
cell dormancy, which is characterized by G0/G1 arrest, by downregulating
u-PAR expression, and the activity of the ERK1/2 and p38MAPK signaling
pathways, further regulating the expression of proliferation-associated genes
(downregulation of cyclin D1 and CDK1, upregulation of p21 expression).
SNAI2, snail family transcriptional repressor 2; HPV, human papillomavirus;
u-PAR, urokinase plasminogen activator receptor.

this complex caused an inversion in the ERK/p38 ratio toward
p38 signaling; a change that results in cell cycle arrest and
dormancy in breast cancer, prostate cancer, melanoma and
fibrosarcoma cell lines (20).

To further clarify the mechanisms underlying the
determination of HPV-negative cervical cancer C-33A cell
dormancy, the activation of ERK and p38SMAPK was
detected using WB. The results verified that the sustained
activation of p-ERK and p-p38MAPK was significantly
decreased when SNAI2 expression was upregulated in
C-33A cells (Fig. 5B and C). The p-ERK/p-p38 ratio
in C-33A-SNAI2 cells also revealed a downward trend
compared with that of C-33A cells (Fig. 5D).

Discussion

Tumor cell dormancy is defined as the temporary mitotic
GO/G1 arrest of tumor growth (21). In tumor mass dormancy,
the number of cancer cells remains balanced between cell
division and apoptosis (21). These dormant tumor cells go
undetected for long periods, several years or even decades,
and may explain prolonged asymptomatic residual disease
and treatment resistance. Unfortunately, dormant tumor cells
may eventually result in cancer recurrence and death (22).
However, the mechanisms underlying the reactivation
of dormant tumor cells to a proliferative state are not yet
known.

Notably, aberrant SNAI2 expression is a widespread
phenomenon in human cancers, which can predict poor prog-
nosis in patients with cancer (23). In addition, it has been found
to have different effects on tumor growth, recurrence and
metastasis in various carcinomas (24). SNAI2 can enhance
tumor cell proliferation and growth in lung cancer and glio-
blastoma (23), increase tumor cell recurrence and metastasis
in breast cancer (8), and promote the development of ovarian
cancer through regulating ferroptosis (25).

However, SNAI2 acts as an oncogene or tumor suppressor
during cervical carcinogenesis (24,26). Cui et al (24) reported
that SNAI2 can suppress the proliferation of HPV-negative
cervical cancer cells in vitro and tumor formation in vivo.
In HPV-positive cervical Siha and HeLa cells with high
tripartite motif containing 62 expression, cell proliferation
is inhibited when SNAI2 expression is downregulated (26).
The aforementioned studies showed that SNAI2 are diverse
and context-dependent, reminiscent of the various cancer
types and heterogeneity of the tumor cells. Notably, the
present study demonstrated that upregulation of SNAI2
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expression could inhibit proliferation, and promote cell
dormancy in HPV-negative cervical cancer C-33A cells.
Overall proliferative capacity and glucose consumption were
significantly decreased, and GO/G1 phase arrest was detected
when SNAI2 was highly expressed in HPV-negative cervical
cancer C-33A cells. At the same time, C-33A-SNAI2 cells
lacked the typical morphological signs of senescence, and
the percentage of cells positive for the senescence marker
SA-beta-Gal was significantly decreased in the C-33A-SNAI2
group. Briefly, SNAI2 could enhance HPV-negative cervical
cancer C-33A cell dormancy by inducing GO/GI arrest, but
not senescence, which is not only decreased cell proliferation
capacity and tumor formation of cervical cancer cells (24).

A previous study showed that SNAI2 was a trigger in
the regulation of breast cancer dormancy by regulating
cyclin D1/CDK4/CDKG®6 activity (18), which involved the tran-
sition from G1 to S phase, to further promote the switch to
tumor cell proliferation (20), thus indicating that cyclins may
participate in the SNAI2-mediated proliferation-to-dormant
switch of cervical cancer cells. Cyclins are a key factor in cell
cycle turnover and initiate cell proliferation potential (27). As
an inhibitory protein of CDKs, p21 mediates p53-dependent
cell cycle arrest and inhibits CDK1 activity by combining the
complex formed of cyclin and CDKI. p21 directly inhibits
DNA synthesis, arrests the cell cycle in the Gl phase, leads
to the disappearance of cyclin biology via competitive inhibi-
tion of the cyclin/CDK complex, and negatively regulates cell
proliferation (28,29). It was further demonstrated that upregu-
lation of SNAI2 could downregulate cyclin D1 and CDK1
expression, and upregulate p21 expression, further enhancing
tumor dormancy in HPV-negative cervical cancer cells.

Increasing evidence has suggested that u-PAR is a
critical determinant of the shift between the proliferation
and dormancy of solitary tumor cells (21,30), the blockade of
which could induce apoptosis in brain tumor cells; however, the
induction of which could protract Hep3 tumor cell dormancy
via GO/G1 arrest in vivo (27,30). u-PAR expression and activa-
tion generate a high level of ERK activity and low level of
p38 activity, which are necessary for the in vivo proliferation
of cancer cells. The high ERK activity feeds into a positive
feedback loop that transactivates u-PAR expression, and high
levels of u-PAR maintain high ERK activity by activating
a5B1 (20). Notably, the ERKMAPK/p385APK activity ratio predicts
whether cells proliferate or enter a state of dormancy (20); a
high ratio favors tumor growth, whereas a low ratio promotes
tumor growth arrest (dormancy). ERK is negatively regulated
by p38MAPK in breast cancer, prostate cancer, melanoma
and fibrosarcoma cell lines (31), with u-PAR being a crucial
modulator of this process (21). However, whether the ERK
and p38 pathway participates in regulating SNAI2-mediated
dormancy in HPV-negative cervical cancer cells remains to
be determined.

The present study identified that upregulation of SNAI2
could downregulate u-PAR expression, to further enhance the
decreased activity of p-ERK and p-p38MAPK in HPV-negative
cervical cancer cells. Notably, the p-ERK/p-p38MAPK activity
ratio in C-33A-SNAI2 cells was also decreased compared with
in the control group (C-33A cells) (Fig. 6). The present findings
are consistent with the conclusions of Julio et al (20), which
revealed that high ERK1/2 and p38 MAPK activity coexist in
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promoting the proliferative activity of melanoma M24MET
cells (32,33), due to several isoforms of p38MAPK, a, y and
0 (24). By contrast, SNAI2 could trans-suppress the expression
of Aktl/p-Aktl by binding to E-box motifs in the promoter of
the Aktl gene and then inhibit the cell proliferation and tumor
formation, not promote dormancy of cervical cancer cells, by
upregulating p21/p27 and/or downregulating the activity of
the Wnt/B-catenin signaling pathway (24). Altogether, SNAI2
is more specific to a particular type of cancer or malignant
phenotype (34).

In conclusion, cancer recurrence and metastasis are the
leading cause of cervical cancer deaths. Because the upregula-
tion of SNAI2 is required for promoting HPV-negative cervical
cancer cell dormancy, interfering the u-PAR expression and
the activity of the ERK/p38 signaling pathway may represent a
viable strategy for the treatment of patients with HPV-negative
cervical cancer, providing novel insight into their treatment.
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