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This study was to investigate the effect of DUSPI on cervical cancer (CC) cells by targeting the miR-21
regulatory JAK2/STAT3 signaling pathway. For this purpose, fifteen CC patients treated at our hospital from
January 2021 to February 2023 were selected. CC tissues and para-cancerous (PC) tissues were collected from
the patients, and DUSP1 protein and mRNA expression levels were detected by Western blot and gPCR. The
C33a control group (COG) and DUSP1 overexpression group (OVG) were set up: human cervical squamous
carcinoma cells (CSCC) in the C33a COG were cultured without any treatment, while the DUSP1 OVG was
cultured using DUSP1 gene overexpression lentivirus infection progeny. The proliferation ability of the three
groups of cells was measured by CCKS8, protein and mRNA expression by Western blot and gPCR, and cell
migration and invasion ability by Transwell. It was found that DUSP1 protein and mRNA in CC tissues were
reduced compared with those in PC tissues (P<0.05). The miR-21 in the DUSP1 OVG was reduced than those
in the C33a COG (P<0.05). The expression of JAK2, STAT3 mRNA and protein in the DUSP1 OVG were
reduced compared with those in the C33a COG (P<0.05). In conclusion, overexpression of DUSP1 can target
and reduce the expression of miR-21, block the JAK2/STAT3 signaling pathway, reduce the viability of CC
cells, inhibit the proliferation and migration and invasion ability of CC cells, and induce apoptosis of CC cells,

thus providing a theoretical basis for the targeted treatment of clinical CC.
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Introduction

Cervical cancer(CC) is a commonly seen clinical gy-
naecological malignancy. As the second most common
cancer in women worldwide, CC has emerged as the se-
cond most common malignancy of the reproductive sys-
tem causing death in women, seriously threatening the life
and safety health of women in China (1). The develop-
ment of CC is a long-term process, from cervical precan-
cerous lesions to cervical intraepithelial neoplasia takes
a long time, usually 5-10 years, so early diagnosis and
treatment of CC are important to improve its prognosis
(2). At present, the clinical treatment of CC patients lacks
radical means and mainly adopts radiotherapy treatment
and surgical resection treatment. In recent years, with the
advancement of targeted therapy, more and more clinical
treatments for malignant tumors have gradually adopted
targeted therapy. Therefore, in-depth research on the pa-
thogenesis and causes of CC and the search for new thera-
peutic targets is of great clinical significance in improving
patients' clinical symptoms, slowing down the progression
of cancer and improving their quality of life (3). Dual
specificity phosphatase 1 (DUSP1) belongs to the protein
complex phosphatase gene superfamily that is a regulator
of tumor suppressors and cancer-related inflammation (4).

MicroRNAs (miRNAs) are small non-coding RNAs with
highly conserved properties that have a key part to play in
regulating cellular biological functions, of which miR-21
has been shown to be aberrantly expressed in patients with
CC (5). Janus kinase/signal transducer and activator of
transcription (JAK2/STAT3) signaling pathway is widely
involved in cell proliferation, migration and apoptosis It
has been found that miR-21 has a regulatory role in the
JAK2/STAT3 signaling pathway (6). In our research, we
investigated DUSP1 on CC cells by targeting miR-21 to
regulate the JAK2/STAT3 signaling pathway, with a view
to providing a promising target for the treatment of CC.

Materials and Methods

General information

Fifteen CC patients treated at our hospital from January
2021 to February 2023 were selected, and CC tissue, para-
cancerous (PC) tissue and clinical data were collected from
the patients. The age of the patients ranged from 35 to 58
years. All were reviewed and approved by the hospital
ethics committee and all signed an informed consent form.
Inclusion criteria: (1) pathological examination confirmed
the diagnosis of CC (7); (2) no previous history of pelvic
radiation; (3) patients with complete clinical history. Ex-
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clusion criteria: (1) those who had already received phar-
macological or surgical treatment for the cervical disease;
(2) those with a combination of other known tumors; (3)
those with severe cardiac, hepatic or renal insufficiency;
(4) those with a history of previous uterine surgery.

Materials and reagents

CSCC line C33a was purchased from ATCC Cell
Bank, USA. DUSP1, miR-21, JAK2, and STAT3 mRNA
primers were purchased from Thermo Fisher Scientific,
USA. DUSP1, miR-21, JAK2, STAT3 mRNA primers and
B-actin primers (Sigma, USA). DUSP1, miR21, JAK2,
STAT3 mRNA primers and B-actin primers (Sigma, USA);
qPCR assay kit, immunohistochemistry sheep anti-rabbit
secondary antibody, CCK-8 assay kit (Shanghai Biyuntian
Co. (Shanghai Biyuntian); Transwell (Corning, USA);
artificially reconstituted basement membrane gel (Matri-
gel) (Abcam Biotechnology Ltd., UK); DUSPI1, JAK2
and STAT3 primary antibodies (BD, USA). Ltd.); cellular
DUSP1 gene overexpression lentivirus (Shanghai Gikai
Genetics Co., Ltd.) for this study.

Methods
Cell culture and treatment

After recovery, the cells were inoculated in T25 flasks
and incubated in a constant temperature incubator (37°C,
5% CQO2), and trypsin digestion, passaging and freezing
were performed according to cell growth. C33a control
and DUSP1 overexpression groups (OVG) were set up:
the C33a control group (COG) was cultured without any
treatment and the DUSP1 OVG was cultured using the
DUSP1 gene overexpression lentivirus to infect the pro-
geny. Each experiment was repeated 15 times.

Detection of protein level by Western blot

Take 1x10° cells/well and inoculated in 6-well plates,
incubated in a constant temperature incubator (37°C, 5%
C02), and the cells in the DUSP1 OVG were stably infec-
ted with the DUSP1 gene by lentivirus. The supernatant
was centrifuged after homogenization at 4°C to make 10%
homogenate; the CC tissue and PC tissue were homoge-
nized at 4°C to make 10% homogenate after the addition
of tissue protein lysis solution. The protein concentration
was determined by BCA, gel preparation, electrophoresis
for 90 min, gel cutting, membrane transfer for 90 min,
milk containment, washing, incubation with primary and
secondary antibodies, development and analysis of the
results using Bio-Rad Image Lab software.

qPCR to detect mnRNA

Take 1x10° cells/well and inoculated in 6-well plates
in a constant temperature incubator (37°C, 5% CO,). After
the cells in the DUSP1 OVG were infected by DUSP1
gene overexpression lentivirus for stable transmission,
RNA extraction using RNA extraction kit, reverse trans-
cription using One Step Prime Script miRNA cDNA
synthesis kit and real-time quantitative PCR using PCR
detection kit, and the cycle was completed according to
the kit instructions. After the reaction was completed, the
relative mRNA expression was calculated in the software.

The proliferation of cells was detected by CCK8
After the cells in the DUSP1 OVG were infected by
DUSP1 gene overexpression lentivirus and stably pas-

saged, 10ul CCKS solution was added to each well of each
group of cells and incubated in a constant temperature
incubator (37°C, 5% CO,) for 4 h. The proliferative capa-
city of each group of cells was determined on an enzyme
marker (OD 450 nm).

Detection of cell migration and invasion by the Trans-
well method

After the cells in the DUSP1 OVG were stably pas-
saged by DUSP1 gene overexpression lentivirus infection,
inoculate 5x10° cells/well in the Transwell upper chamber
and complete medium in the lower chamber, and the low
and high dose groups were treated with propofol for 48 h.
The COG was given equal amounts of DMEM medium,
fixed, stained and then microscopically. The purple-stai-
ned membrane penetrating cells were counted and cell
migration capacity was calculated. For the invasion expe-
riments, the upper chamber of the Transwell was first co-
vered with Matrigel in the ultra-clean bench and the sub-
sequent steps were the same as for cell migration.

Statistical method

SPSS 22.0 was used for statistical data processing and
measurements were expressed in (x+s) and t-tests were
used for comparison, with P<0.05 being a statistically si-
gnificant difference.

Results

Expression of DUSP1 in CC tissues and PC tissues

The relative expression levels of DUSP1 protein, as
well as mRNA, were significantly lower in CC tissues than
in PC tissues (P<0.05), as shown in Table 1.

Establishment of a DUSP1 overexpression cell line

The relative expression levels of DUSP1 protein, as
well as mRNA, were significantly higher in the DUSP1
OVG compared with the C33a COG (P<0.05), as shown
in Table 2.

Effect of overexpression of DUSP1 on proliferation,
migration and invasion of CC cells

The cell proliferation activity, number of cell migra-
tions and number of cell invasions were lower in the
DUSP1 OVG compared with the C33a COG (P<0.05), as
shown in Table 3.

Table 1. DUSPlexpression levels in CC tissues and PC tissues.

Group Number DUSPlprotein DUSP1 mRNA
CcC 15 0.40+0.14 3.05+1.26

PC 15 0.98+0.24 7.12+2.35

t -8.085 -5.917

P 0.000 0.000

Table 2. Establishment of a DUSP1 overexpression cell line.

Group Number DUSPlprotein DUSP1 mRNA
COG 15 0.41+0.13 1.59+0.57
OVG 15 0.94+0.25 3.36+1.03

t -7.285 -5.823

P 0.000 0.001
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Table 3. Effect of overexpression of DUSP1 on proliferation, migration and invasion of CC cells.

Group Number Proliferation =~ Migration Invasion
COG 15 0.28+0.04 142.74+24.34  121.05+20.26
OovVG 15 0.184+0.03 106.48+17.44  93.12+16.35
t 7.746 4.690 4.155

P 0.000 0.000 0.000

Effect of overexpression of DUSP1 on miR-21 expres-
sion in CC cells

The miR-21 expression level of CC cells in the DUSP1
OVG was lower compared with that of the C33a COG
(P<0.05), as shown in Table 4.

Effect of overexpression of DUSP1 on the relative ex-
pression of JAK2 and STAT3 mRNA in CC cells

The relative expression levels of JAK2 and STAT3
mRNA in the DUSP1 OVG of CC cells were reduced
compared with those in the C33a COG (P<0.05), as shown
in Table 5.

Effect of overexpression of DUSP1 on the expression
levels of JAK2 and STAT3 proteins in CC cells

The JAK2 and STAT protein were significantly lower
in the DUSP1 OVG of CC cells than in the C33a COG
(P<0.05), see Table 6.

Discussion

Over the past years, as people's habits, diets and wor-
king environment, the incidence of CC has been on the
rise year by year, becoming a more common malignant
tumor of the reproductive system (8). Patients with CC
were mainly present with clinical symptoms, such as thin,
watery fluid, leucorrhoea, irregular vaginal bleeding, anae-
mia and painful sexual intercourse, which seriously affect

Table 4. Effect of overexpression of DUSP1 on miR-21 expression in
CC cells.

Group Number miR-21
COG 15 2.47+0.54
OVG 15 1.24+0.52
t 6.355

P 0.000

Table 5. Effect of overexpression of DUSP1 on JAK2 and STAT3
mRNA in CC cells.

Group Number JAK2 mRNA STAT3 mRNA
COG 15 2.71£0.72 2.34+0.76
OoVG 15 1.631£0.41 1.28+0.34

t 5.048 4.931

P 0.000 0.000

Table 6. Effect of overexpression of DUSPI
proteins in CC cells.

on JAK2 and STAT3

Group Number JAK2 STAT3
COG 15 1.25+0.37 0.83+0.35
OoVG 15 0.84+0.21 0.59+0.17
t 3.732 2.389

P 0.001 0.024

the reproductive function and life of the patient (9). CC is
also called "cervical invasive cancer", and cervical intrae-
pithelial neoplasia is a pre-cancerous phase of the cervix.
The pathogenesis and causes of CC are not yet fully un-
derstood, but recent studies have found that age, genetic
susceptibility, inflammatory response, immune disorders
and physicochemical radiation are all associated with the
development of CC (10). Currently, radiotherapy and sur-
gical excision are mainly used to treat patients with CC.
Although this can help some patients to cure their cancer,
some patients are diagnosed late, lose the opportunity of
surgical excision of tumor treatment at a late stage, and are
not sensitive to radiotherapy treatment, resulting in limited
clinical treatment effects (11). CC is characterized by high
incidence, aggressiveness, metastatic potential and recur-
rence rates, and radical treatment targeting cancer cells in
patients with CC has greater clinical significance. There-
fore, an in-depth study of the pathogenesis and etiology of
CC, identification of the molecular mechanisms of prolife-
ration, invasion and migration of CC cells, and search for
new therapeutic targets are of great clinical significance
to improve patients' clinical symptoms, slow down the
pathological progression of CC and improve their quality
of life.

DUSP1 is the first and most important phosphatase to
be identified in a large family of phosphatases that dephos-
phorylate certain proteins (12). It has a key role in the re-
gulation of tumor suppressors and the inflammatory and
immune responses associated with cancer (13). DUSP1
has been found to be an important negative regulator of
the MAPK signaling pathway and has a key function in the
treatment of various malignancies, inflammation-related
diseases such as asthma, rheumatoid arthritis and osteo-
lytic diseases (14). In this study, the DUSP1 protein and
mRNA in CC tissues were reduced compared with those
in the PC tissues. The proliferation activity, cell migra-
tion number and cell invasion number of DUSP1 OVG
were significantly lower than those of C33a COG. It was
suggested that overexpression of DUSP1 could reduce the
viability of CC cells and inhibit the proliferation, migra-
tion and invasion ability of CC cells.

Recently, there has been increasing interest in the study
of miRNAs in malignancies, which are a group of small
non-coding RNAs that are involved in the regulation of
biological functions such as cell proliferation, differentia-
tion, migration and apoptosis by binding to target genes
(15). miR-21 is a class of miRNAs implicated in the regu-
lation of cancer-associated inflammatory responses, and
this specific regulatory action in cancer-associated inflam-
matory responses has not been fully elucidated, but it has
been found that miRNAs can exert anti-inflammatory
effects by targeting and regulating JNK as well as TSG4
(16). Confirmation that miR-21 is highly expressed in CC
tissues and the degree of cervical intraepithelial lesions
was closely and positively correlated with miR-21 expres-
sion levels, suggesting that miR-21 expression levels are
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closely related to the severity of CC disease (17). In addi-
tion, it was found that miR-21 could promote the invasion
and migration ability of CC cells, and inhibit the apop-
tosis of cancer cells, suggesting that miR-21 could be a
significant target for CC (18). This research found that the
miR-21 level of CC cells in the DUSP1 OVG was reduced
compared with that of the C33a COG. It was suggested
that the miR-21 level in CC cells was highly expressed,
and DUSPI could target to reduce the miR-21 expression
level, decrease the viability of CC cells, and inhibit the
proliferation and migration and invasion ability of CC
cells.

The JAK2/STAT3 signaling pathway, as a signaling
channel with a very broad role in the human body, is an
important signaling system that mediates the response
from extracellular stimuli to intracellular cells, regulating
cell proliferation, differentiation, migration, apoptosis, etc.
It has a major influence in the development and infiltration
of malignant cells and is involved in regulating other pro-
cesses such as cell growth and development (19). Nume-
rous researches showed that the JAK2/STAT3 signaling
pathway has a major influence in tumor progression and
anti-tumor therapy (20). It has been found that the JAK2/
STAT3 signaling pathway is promoted in CC, ovarian can-
cer and other malignant diseases. STAT3, an important
protein molecule in the JAK2/STAT3 signaling pathway,
is highly expressed and activated by phosphorylation in
CC tissues, leading to the formation of JAK/STAT dimers,
which activate the transcription and expression of the cor-
responding downstream genes (21). It was demonstrated
that expression levels of STAT3 and JAK2 proteins were
reduced in miR-21-transfected cancer cells compared to
blank controls and that cells overexpressing miR-21 were
able to target and inhibit the activation of the JAK/STAT
signaling pathway (22). Another study found that miR-21
could promote STAT3 by binding to the STAT3 promo-
ter. All those studies suggest that miR-21 is closely related
to the activation of the JAK2/STAT3 signaling pathway
(23). In our study, the levels of JAK2 and STAT3 mRNA
in the DUSP1 OVG of CC cells were significantly reduced
compared with those in the C33a COG. This suggests that
DUSP1 can target to increase the expression level of miR-
21 and block the JAK2/STAT3 signaling pathway, provi-
ding a theoretical basis for clinical tumor metastasis and
invasion.

In conclusion, overexpression of DUSP1 can target and
reduce the expression level of miR-21, block the JAK2/
STATS3 signaling pathway, reduce the viability of CC cells,
inhibit the proliferation, migration and invasion ability of
CC cells, and induce apoptosis of CC cells that provides
the basis for research into the targeted treatment of clinical
CC.
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