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Background: Vitronectin (VTN) is a multifunctional glycoprotein in blood and the
extracellular, which could be an effective biomarker for many cancers. However, its
role in cervical cancer is under investigated. In this study, we aimed to determine
the molecular function of VTN and its potential mechanism in cervical cancer (CC).

Materials and methods: Up- and down-regulated VTN expression was determined
in Hela and C33A cells. Reverse transcription, gqRT-PCR, and Western blotting test
were performed to identify VTN mRNA and protein levels, separately. CCK-8 assay
and colony formation assay were carried out to evaluate proliferation abilities of CC
cells. A scratch test and a transwell chamber assay were performed to determine
cell migration and invasion ability. Expression levels of epithelial-mesenchymal
transition (EMT)-related proteins were measured by Western blotting.

Results: Cell models with up- and down-regulated VTN expression in Hela and
C33A cells were successfully established, as confirmed by Western blotting and
gqPCR. CCK-8 and colony formation assays demonstrated that VTN
overexpression significantly enhanced the proliferation of both Hela and C33A
cells. Wound healing and Transwell migration assays further indicated that VTN
overexpression markedly promoted the migratory and invasive capabilities of
these cells. Moreover, Western blotting analysis revealed that VTN
overexpression led to a decrease in ZO-1 and E-cadherin protein levels and an
increase in B-catenin and N-cadherin levels, whereas VTN knockdown yielded
the opposite effect. These findings suggest that VTN promotes cervical cancer
cell malignancy through epithelial-mesenchymal transition (EMT).

Conclusion: VTN plays a tumor-promoting role in CC by promoting the EMT of
cervical cancer cells.
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Introduction

Cervical cancer (CC) is a prevalent gynecological malignancy
globally, significantly jeopardizing women’s health and well-being
(1). Annually, there are approximately 661,000 new cases and
nearly 348,000 CC-related deaths, ranking second in incidence
and first in mortality among women’s malignant neoplasms
(2, 3). Evidence has demonstrated that the 5-year overall survival
rate of early-stage CC patients is about 70%. However, it drops to as
low as 30 for patients in advanced stages (4, 5). Surgery is the
primary therapeutic approach for CC in the early stage, and
radiotherapy is widely chosen for advanced CC according to
NCCN guidelines (6, 7). However, even with the incorporation of
comprehensive modalities such as radiotherapy, chemotherapy and
targeted agents, about 20% of CC patients will still end up with
distant metastases such as lung or lymph node metastases, further
impairing their survival outcomes (8). Hence, identifying specific
prognostic markers for CC recurrence and metastasis holds
immense clinical significance for CC management.

Vitronectin (VIN) is a type of secreted glycoprotein composed
of 459 amino acids, which participates in the formation of
extracellular matrix (ECM) and exhibits high expression in
various tumor tissues (9, 10). By interacting with integrins on cell
membranes, VIN facilitates cell adhesion, migration, and
proliferation, potentially impinging on tumor cell growth,
migration, and metastasis within the microenvironment of
malignant tumors (11). A large body of literature has proven that
VTN is pivotal in cancer malignancy by activating cell invasion and
metastasis. For example, Niu et al. demonstrated that VTN
expression was highest in metastatic prostate cancer, followed by
primary prostate cancer tissue and benign prostatic hyperplasia
tissue, suggesting its association with prostate cancer progression
and metastasis (12). Zhu et al. also discovered that VIN promoted
the malignant behavior of the liver cancer cell line (13). Moreover,
VTN and fibronectin in ascites promoted cell adhesion and
performed indispensable in peritoneal metastasis of ovarian
cancer (14). Nevertheless, as far as we know, no relevant reports
exist on the functions and regulatory mechanisms of VIN in CC.

Inorder to explore the function of VIN in CC proliferation and
metastasis, the present study conducts over-expression and
silencing of VIN in CC cells to evaluate its impact on cell
malignancy such as proliferation, migration, and invasion. We
hope our study lays the groundwork for further comprehending
the mechanisms underlying the onset and progression of CC and
provides plausible targets for CC therapy.

Materials and methods
Cell cultures
C33A and Hela, types of the human cervical cancer cell lines,

were purchased from the American Type Culture Collection
(ATCC, Manassas, VA, USA). RPMI-1640 medium which
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contained 10% fetal bovine serum and 0.1% penicillin-
streptomycin was used to culture the CC cells.Cells were
maintained in a humidified incubator at 37°C with 5%
CO, subsequently.

Plasmids and transfection

The open reading frame of human VTN was integrated into the
eukaryotic expression vector GFP-pCDH (System Biosciences, Inc.).
The resulting recombinant plasmid, pPCDH-VTN, was co-transfected
with lentivirus plasmids psPAX2 and pMD2.G (Genechem Inc,
Shanghai, China) into HEK293T cells using Lipofectamine 3.0
(Invitrogen) at a concentration of 60%, according to the
manufacturer’s instructions. The cells were cultured for 48 hours after
transfection. Subsequently, Hela and C33A cells, following lentivirus
transfection, underwent selection with puromycin at a concentration of
1 ug/mL1 pg/mL (Invitrogen) for a period of two weeks.

Quantitative real-time polymerase
chain reaction

Total RNA was extracted from cells using Trizol reagent
(Thermo Fisher Scientific Inc.) according to the manufacturer’s
instructions. Then, cDNA was synthesized and qRT-PCR was
performed using a cDNA Reverse Transcription kit and Step One
Real-Time PCR system (Applied Biosystems, CA, USA) in an ABI
Prism 7900HT instrument (Applied Biosystems) according to the
supplier’s recommendations. The primers used were as follows:
VTIN: F: 5-GGGTCTACTTCTTCAAGGGGAA-3', R: 5'-AATGA
ACTGGGGCTGTCTGG-3"; GAPDH: F: 5-GGAGCGAGATCCC
TCCAAAA T-3, R: 5'-GGCTGTTGTCATACTTCTCATGG-3'.
All values were normalized to the level of GAPDH. The relative
mRNA expression of VIN was calculated using the 2744
comparative method. All experiments were repeated three times.

Western blot analysis

The cells were disrupted by RIPA buffer fortified with a protease
inhibitor concoction and protein measured with a BCA protein assay
kit (Beyotime). After that, the cell lysates were fractionated using SDS-
PAGE, followed by the transferation of equivalent protein quantities
onto polyvinylidene difluoride (PVDF) membranes (Millipore).
Following blockage, the PVDF membranes were subjected to
overnight incubation at 4°C in the presence of primary antibodies.
Detection of the primary antibodies was achieved using secondary goat
anti-rabbit or goat anti-mouse HRP-IgG (Proteintech, Rosemont, IL,
USA). Subsequently, immunoreactive complexes were visualized via a
chemiluminescent substrate and documented on film.

Cell proliferation assay

Cells were centrifugated,with a concentration of 10* cells/mL, and
then were seeded in a 96-well plate with 100 pL of culture medium per
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well. Each group was established with four replicate wells. The plate
was then placed in a 37°C incubator to facilitate continued cultivation.
After seeding, the cells were collected, and cell quantification was
undertaken using the CCK-8 on days one, two, three, and four. CCK-
8 was added to each well and subsequently layed in a 37°C incubator
for further two hours. The absorbance was counted with a microplate
reader. The experiment was iterated three times.

Cell colony formation assay

Cells (100 pL) were added to a 6-well plate with a concentration
adjusting to 8x10” cells/mL, subsequently cultured for seven days,
and the culture medium were refreshed every two days. Crystal
violet was used to stain the colonies. For each condition, the number
of colonies within a given area was counted. All experiment was
repeated three times.

In vitro wound healing cell migration

Cells were seeded at a density of 1x10" cells per well in a 6-well
plate and cultured at 37°C with 5% CO, until reaching 90%
confluence, forming a uniform monolayer. A sterile 200 UL pipette
tip was used to create a straight scratch across the cell layer, taking
care to apply even pressure to ensure a consistent width without
damaging the plate surface. The cells were then rinsed twice with
phosphate-buftered saline (PBS) to remove any detached cells,
followed by the addition of serum-free medium. The plates were
incubated at 37°C with 5% CO,, and the wound width was observed
under a microscope at 0 and 24 hours.

Transwell invasion assay

Cells (50 uL) were initially prepared by suspending in serum-
free RPMI-1640 medium and added to Transwell chamber inserts
to ensure proper density and even distribution. For each
experimental group, 200 L of cell suspension containing 1x10"°
cells was carefully transferred into the upper chamber of a
Transwell insert, which is designed to allow cell migration
through a porous membrane. RPMI-1640 medium containing
20% fetal bovine serum (FBS) was added to the lower chamber,
creating a chemoattractant gradient to encourage cell invasion. The
Transwell plates were incubated at 37°C with 5% CO; for 24 hours
to allow cells to migrate toward the serum in the lower chamber.
After incubation, the non-invading cells on the upper surface of the
membrane were gently removed using a cotton swab. The chambers
were then rinsed twice with phosphate-buffered saline (PBS) to
remove any residual medium. Invading cells attached to the lower
surface of the membrane were fixed with 4% paraformaldehyde for
20 minutes, then stained with 0.1% crystal violet solution for 15
minutes at room temperature. The membrane was thoroughly
rinsed to remove excess stain, and the stained cells on the lower
surface were visualized and counted under a microscope. The
number of invaded cells was recorded for each group, and the
experiment was repeated three times for statistical validity.
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Statistical analysis

Statistical analyses were performed using SPSS 21.0 (SPSS,
Chicago, Illinois, USA), and the presented values were expressed
as mean + standard deviation (SD). Two-sided t-tests were used for
comparisons between two groups, and one-way analysis of variance
(ANOVA) was used for comparisons among multiple groups.

Results

Identification of VTN expression in cervical
cancer cells

In order to explore the roles of VIN in cervical cancer cells, our
group transfected pCDH-VTN to enhance VTN expression and
transfected VTN shRNA to inhibit VTN levels in Hela and C33A.
Negative controls were established by transfecting cells with
scrambled pCDH or shRNA. We quantified mRNA expression
using qPCR (Figures 1A, B) and protein level using Western
blotting (Figures 1C, D). The over-expression and down-
expression VIN models were successfully built.

Up-regulated VTN level promoted the
proliferation of cervical cancer cells

pCDH-VTN transfection in HeLa and C33A promoted cell
proliferation (Figures 2A, C, P<0.001), higher pCDH-VTN
transfection colony formation rate was found in both HeLa and
C33A cells (Figures 2B, D), compared to the control group. Then,
pCDH-VTN transfected HeLa and C33A cells resulted in faster
wound closure than the control group (Figures 3A, B, P<0.001).
Furthermore, the rate of distance reduction between wound edges
was increased in the VIN overexpressing group compared to the
negative control group (NC group). Up-regulated VTN significantly
enhanced the invasion of HeLa and C33A by the Transwell invasion
assay,compared with the control group (Figures 3C, D,
control, P<0.001).

The epithelial-mesenchymal
transition mechanism

To investigate the effect of VTN on the epithelial-mesenchymal
transition (EMT) of cervical cancer cells, we assessed the expression
of typical EMT hallmark proteins, such as ZO-1, E-cadherin, 3-
catenin, and N-cadherin. Overexpression of VIN in cervical cancer
cells led to a decrease in the protein expression levels of ZO-1 and
E-cadherin and an increase in the expression levels of 3-catenin and
N-cadherin (Figure 4A). Conversely, the knockdown of VTN
expression resulted in increased protein expression levels of E-
cadherin and ZO-1, while decreased expression of N-cadherin and
[-catenin (Figure 4B, P<0.001). These results indicated that VIN
played a significant role in regulating the EMT of cervical cancer
cells (Figure 5).
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Discussion

Our study exhibited that VIN could promote the
proliferation, migration, and invasion of CC cells for the first
time. We found significant overexpression of VIN in Hela and
C33A cells,which promoted cell proliferation, migration, and
invasion in CC cells. In addition, down-regulated VIN could
inhibit cell biology behavior. We also found that overexpression of
VTN reduced the expression of ZO-1 and E-cadherin and
upraised the B-catenin and N-cadherin levels. Meantime, down-
regulated VTN levels resulted oppositely. Hence, VIN might
regulate the proliferation and metastasis of CC cells by
switching from E-cadherin to N-cadherin.

Studies showed that VIN was a tumor promoter. From the
fundamental perspective, the knockdown of VIN could significantly
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inhibit the proliferation in cancer cells of liver and the tumor size in
xenografts (15). Up-regulated VIN expression could stimulate
ovarian cancer cell migration (16). In addition, VIN could
promote tumor cell growth in a concentration-dependent manner
(13). From clinical research, studies have shown that there was
significantly higher level of serum VTN in breast cancer patients
with early stage than those in healthy people, patients with benign
breast lesions or pre-cancerous lesions, and advanced breast cancer
patients. Size of tumor, lymph node status, and clinical stage were
negatively correlated the the serum VTN level (17). Vitronectin
concentration levels were involved and connected to the tumor
recurrence and metastasis of breast cancer (18). Consistent with the
above studies, we found that VIN was a tumor promoter gene in CC.
Therefore, as an essential tumor promoter gene, treatment targeting
VTN could be a therapeutic target.

W

S 157 = NC
? =3 VTN-sh1
=
S B VTN-sh2
xS 1.0
[
-
z2
@ ek T
=
s
& o.0-
Hela C33A
D Hela C33A
NC L
VTN-sh1 e + -
VTN-sh2 - -+ - A
VTN WD s e SED - 75KDa
GAPDH 37KDa
[
QS 154
@ mm NC
S2 =3 VTN-sh1
S5 1.0+ =3 VTN-sh2
£
820
o
g g 057
02 .
_2 *kk
©
o 0.0~
o Hela C33A

Overexpression and knockdown of VTN in Hela and C33A cells. (A) The mRNA levels of VTN were assessed using RT-gqPCR with VTN primers in Hela
and C33A cells stably transfected with pCDH and pCDH-VTN plasmids. GAPDH was used as an internal control for amplification. Results showed
significant elevation of VTN mRNA levels in both cell lines after overexpression of the gene. (B) RT-gPCR using VTN primers was performed on total
RNA extracted from Hela and C33A cells transfected with NC, shRNA-1, and shRNA-2 sequences. GAPDH was used as an internal control for
amplification. The shRNA-1 and shRNA-2 sequences showed inhibition of VTN mRNA expression levels. (C) Western blotting was used to detect VTN
protein levels in Hela and C33A cells stably transfected with pCDH and pCDH-VTN plasmids. GAPDH protein was used as an internal control. Semi-
quantitative analysis results showed that VTN protein levels were significantly higher in the overexpression group than in the NC group, P<0.05.

(D) Western blotting was used to detect VTN protein levels in Hela and C33A cells transfected with NC, shRNA-1, and shRNA-2 sequences. GAPDH
protein was used as an internal control. Semi-quantitative analysis results showed that VTN protein levels were significantly lower in the knockdown
group than in the NC group, P<0.05. The mRNA and protein expression of VTN in the NC group of Hela and C33A cells were regarded as 1. Error
bars represent mean + SEM and the results are representative of three experiments. ***P<0.001.
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VTN promotes the proliferation of cervical cancer cells. (A, C) CCK-8 assay results showed that overexpression of VTN promoted the proliferation of
Hela and C33A cells. (B, D) Colony formation assay results showed that overexpression of VTN increased the number of colonies formed by Hela
and C33A cells. Error bars represent mean + SEM and the results are representative of three experiments. *P<0.05, **P<0.01, ***P<0.001.
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FIGURE 3

VTN promotes the migration and invasion of cervical cancer cells. (A, B) Wound healing assay results showed that overexpression of VTN promoted
the migration ability of Hela and C33A cells. (C, D) Transwell assay results showed that overexpression of VTN promoted the migration and invasion
ability of Hela and C33A cells.
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VTN affects the epithelial-mesenchymal transition of cervical cancer cells. (A) Western blotting results showed that overexpression of VTN in Hela
and C33A cells resulted in decreased protein expression levels of the epithelial-associated proteins E-cadherin and ZO-1, while the mesenchymal-
associated proteins N-cadherin and B-catenin were increased. (B) Western blotting results showed that knockdown of VTN in Hela and C33A cells
resulted in increased protein expression levels of the epithelial-associated proteins E-cadherin and ZO-1, while the mesenchymal-associated
proteins N-cadherin and B-catenin were decreased. Error bars represent mean + SEM and the results are representative of three experiments.
**P<0.01, ***P<0.001.
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The biomolecular mechanism by which VIN contributes the
oncology potential of CC cells has yet to be determined. In this
study, we found that overexpression of VIN decreased ZO-1 and E-
cadherin level and enhanced B-catenin and N-cadherin protein
expression. Meantime, knocking down VTN expression produced
the opposite results. Hence, we deduced that VTN might promote
cervical cancer by EMT. An arginine-glycine-aspartic acid (RGD)
peptide sequence exists in VIN, which acts as the ligand for ovf33
integrin on the surface of vascular endothelial cells (19). The specific
binding between RGD and integrin mediates signal transduction
between cells and ECM, ultimately engendering tumor cell
migration (20). In addition, VIN could also function in other
signaling pathways. Previous studies have found that VIN could
also activate LIF and IL-6 through the integrin-FAK and uPAR
signaling pathways to exert functional effects (19). Zheng et al.
reported that the cell migration function of VIN was mainly
involved in the PI3K/AKT pathway (21). A scholar recently
found that VTN could induce tumor cell proliferation through
the JNK and ERK pathways (22). Multiple studies have also shown
that PI3K/AKT pathway and ERK signaling pathway can impact the
function of tumor cells by affecting their EMT (23-26). These
findings suggest that VTN could regulate the EMT of cells through
multiple signaling pathways. More experimentations are still
needed to verify this hypothesis shortly.

Despite the achievements of the current researches, our study
has several limitations that should be solved with further researches.
First, the mechanism of action of VIN in tumors is still not fully
understood, and its impact on tumor progress is complex and may
be regulated by multiple factors. Second, cell proliferation was not
presented in the other cervical cancer cell lines except for C33A and
Hela and the current experiments were performed in vitro; thus, in
vivo experiments are furtherly required to support the present
results. Third, further in-depth study of the mechanism of action
of VIN in the cervical tumor microenvironment, especially its
interaction network with other extracellular matrix proteins, growth
factors, and signaling pathways are warranted to illustrate the
potential regulatory mechanism.

Conclusion

VTN can promote tumor growth and metastasis by regulating
the EMT process. VTN might be a potential prognostic marker and
meaningful new therapeutic target for cervical cancer.
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