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Abstract

Purpose: This study was to illustrate the functional impacts of osteopontin (OPN) on the progression of cervical cancer (CC) both in vitro and 
in vivo.

Methods: An immunohistochemical and western blot assay was performed to evaluate the expression difference of OPN between human CC 
tissue and cervical intraepithelial neoplasia (CIN) tissue samples. Cell proliferation, apoptosis, migration and invasion were assessed through CCK-
8, flow cytometry, wound healing, and transwell assays. The effect of OPN on the progression of CC in vivo was evaluated via a xenograft model in 
BALB/c nude mice.

Results: The expression of OPN was increased in human CC tissues. The overexpression of OPN promoted the proliferation, migration and inva-
sion of CC cells, and inhibited cell apoptosis. The contrary results were observed after knockdown of OPN. In addition, the down-expression of OPN 
obviously hindered the growth of CC in vivo.

Conclusion: In summary, OPN facilitated the proliferation, migration and invasion, and suppressed apoptosis in CC cells, suggesting that OPN is 
a crucial promoter of CC tumorigenicity and progression.
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Introduction
Cervical cancer (CC) is the second most common malignant tu-

mors among females worldwide [1]. Although recent technological 
advances in treatment improved the three-year local control rate of 
CC patients, the five-year survival rate remains very low (<50%) in 
developing countries [2-4]. Early diagnosis and treatment are cru 
cial for good prognosis of CC, but intermediate to advanced stage 
of CC was found in most patients [5]. These patients with interme-
diate/advanced stage of CC tend to face the high risk of recurrence 
and metastasis, leading to poor prognosis and survival [6]. There-
fore, clarifying the underlying molecular mechanism is necessary 
for the treatment and prognosis improvement of CC.

Osteopontin (OPN) is a cytokine-like glycosylated phosphopro 

 
tein and plays vital role in demonstrating the oncogenic potential of 
a variety of cancers [7,8]. The expression of OPN is upregulated in 
various cancers and is found to involve tumor progression and me-
tastasis [9,10]. Previous studies indicated that OPN is soluble and 
is similar with human milk OPN [11]. However, recent literatures 
found that OPN can be also located in cytoplasm and transduce 
signals that causes cytoskeletal rearrangements required during 
cell fusion, migration, and bone resorption [12]. Currently, there 
were a few literatures reported the association between OPN and 
CC. For example, Sharma, et al. indicated that trichostatin A, histone 
deacetylase inhibitor, can inhibit the progression of CC via block-
ing OPN expression at transcriptional level [13]. Nevertheless, the 
specific mechanism by which OPN influences the progression and 
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development of CC remains unclear. Hence, this study is to elucidate 
the function of OPN in CC.

Method and Material
Patients and Tissues 

Paired CC and cervical intraepithelial neoplasia (CIN) tissue 
samples from patients with CC were obtained at our hospital. The 
tissues were subsequently prepared for immunohistochemis-
try, reverse transcription-quantitative polymerase chain reaction 
(RT-qPCR) and western blot assays. Informed consent was signed 
by all patients. The current study complied with the principles es-
tablished in the Declaration of Helsinki and was approved by the 
ethics committee of Jinhua Maternal and Child Health Care Hospital 
(Approval number: 2022KY030).

Cell Culture 

The human CC cell lines Hela, HEC-1-B, BT-B, CASKI and siha 
were purchased from the American Type Culture Collection 
(Manassas, VA, USA). All cells were cultured in DMEM (Hyclone 
Technologies, Logan, UT, USA) containing 1% penicillin/strepto-
mycin (Beyotime Biotechnology, Shanghai, China) and 10% fetal 
bovine serum (Gibco, Grand Island, NY, USA) in humidified air with 
5% CO2 at 37˚C.

Cell Transfection

From Genomeditech (Shanghai, China), small interfering RNA 
targeting OPN (siRNA OPN) and negative control (siRNA NC) as 
well as overexpression of OPN (OE-OPN) and OE-NC were synthe-
sized. According to the manufacturer’s instructions of Lipofect-
amine 3000 reagent (Invitrogen, Carlsbad, CA, USA), siha cells were 
transfected with siRNA OPN or siRNA NC, while BT-B cells were 
transfected with OE-OPN or OE-NC. Forty-eight hours post-trans-
fection, the cells were harvested, and the levels of gene expression 
were measured using RT-qPCR.

RT-qPCR

The total RNA of cells was extracted using TRIzol reagent (Invi-
trogen, Carlsbad, CA, USA). Then, the RNA was reverse transcribed 
to cDNA using a reverse transcription kit (Thermo Fisher Scientif-
ic). The expression level of OPN was tested utilizing the SYBR Pre-
mix Ex Taq II kit (Takara, Shiga, Japan). The primer sets were sum-
marized in Table 1. The relative levels of mRNAs expression were 
confirmed using the 2−ΔΔCT method.

Western Blot Analysis

Equal amounts of protein (25 μg) were subjected to electro-
phoresis by 10% or 6% SDS-PAGE gel and then electro-transferred 
to polyvinylidene fluoride membrane. Next, we blocked the mem-
brane using 5% non-fat milk at room temperature for 1 h and in-
cubated them with primary antibodies OPN (1:2,000; Proteintech, 
Manchester, UK) and GAPDH (1:50,000; Abbkine Scientific, Wuhan, 
China) for 12 h at 4℃, and then secondary antibody (1:1,000; Pro-

teintech) for 1 h at room temperature. Finally, the membrane was 
visualized using the enhanced chemiluminescence kit (Abbkine Sci-
entific), and GAPDH was used as an internal loading control.

Transwell Assay

100 μl cells suspension (1x106 cells/ml) was added into the 
upper chambers coated with Matrigel (BD Biosciences, Franklin 
Lakes, NJ, USA) and lower chambers were added with 600 μl DMEM 
and 10% FBS. After incubation for 24 h at 37˚C, invaded cells were 
fixed with 4% paraformaldehyde and then stained with 0.1% crys-
tal violet. Finally, the number of invaded cells were counted under 
an inverted phase contrast microscope (Olympus, Germany) in five 
randomly selected fields with high power.

Wound Healing Assay 

5×105/well cells were added into six-well plates and then 
inoculated for 24 h at 37˚C. Subsequently, a horizontal line was 
scratched on the cell surface using 10 µL pipette. After drawing 24 
h later, images were captured under an inverted phase contrast mi-
croscope (Olympus, Germany) and migration results were obtained 
via the Image J software. 

Flow Cytometry Analysis

The apoptotic rate of CC cells was determined using an Annexin 
V-FITC/PI Apoptosis Assay Kit (Vazyme, Nanjing, China), follow-
ing the manufacturer’s guidelines. Briefly, 2×105 BT-B or siha cells 
were resuspended and incubated with 10 μL of Annexin V-FITC and 
5 μL of PI for 15 min at room temperature in the dark. Afterward, 
500 μL of binding buffer was added to each sample. The percentage 
of apoptotic cells was then analyzed using a FACScan flow cytome-
ter (BD Biosciences, Franklin Lakes, NJ, USA).

Cell Counting Kit-8 (CCK8) Assays

Cell suspension (1×105 cells/well) was seeded and cultured 
into 96 well plates. Subsequently, 10 µL of CCK8 solution (Abbkine 
Scientific) was added to each well at 0, 24, 48, and 72, respectively. 
After being incubated for 2-hour, the absorbance at 450 nm was 
measured with a BIOTEK microplate reader (Vermont, USA).

Tumor Xenograft Model in Mouse

Lentiviral vectors (LV) for short hairpin RNA OPN (shRNA-OPN), 
or shRNA-NC were constructed by Sangon Biotech (Shanghai, Chi-
na). Four-week-old BALB/c nude mice were purchased from Huafu-
kang (Beijing, China) and acclimatized for a minimum of one week. 
The animals were then randomly assigned to two experimental 
groups: shRNA-NC and shRNA-OPN groups, with five mice in each 
group. Subsequently, 0.2 ml siha cells suspension (1×106 cells/
mouse) that transfected with shRNA-OPN or shRNA-NC was inject-
ed subcutaneously into the back of mice near the hind limb of nude 
mice. After the first injection, the diameter of the xenograft tumor 
was measured weekly by a vernier caliper. The tumor volume was 
measured and calculated using the following formula: V=1/2ab2 
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(a is the maximum length of tumor diameter, and b is the mini-
mum length of tumor diameter). Tumor tissues were excised and 
weighed in eighth weeks. All the above experiments were approved 
by the Ethics Committee of Jinhua Maternal and Child Health Care 
Hospital (Approval number: 2022KY030).

Hematoxylin-eosin (HE) Staining

After being dewaxed and hydrated, the paraffin sections were 
stained with Hematoxylin for 5 min, followed by soaking in phos-
phate buffer solution for 2 min and washing them with running wa-
ter for at least 3 min. Subsequently, the tissue sections were treated 
with eosin solution for 10 min followed by dehydration, transpar-
ent and sealing with neutral resin. A light microscope (Olympus) 
was employed for photography and observation.

Immunohistochemistry

After tissue sectioning, dewaxing, hydration and antigen re-
trieval were carried out. Endogenous peroxidase blocking was 
performed by 0.3% H2O2 for 10 min. The sections were then in-
cubated with a primary antibody against OPN (1:500; Proteintech) 
at 4°C overnight and incubated with secondary antibody (1:3,000; 
Proteintech) at room temperature for 1 h. Subsequently, tissue sec-
tions were developed with DAB, and imaged using an Olympus mi-

croscope (Japan).

Statistical Data Analysis

All the data were processed via SPSS software (Version 20.0). 
The measurement data were expressed as mean ± standard devi-
ation. Student’s test was used to compare two groups. When there 
were multiple groups, analysis of variance (ANOVA) followed by 
Tukey’s post-hoc test was employed. P<0.05 was considered statis-
tically significant.

Results

OPN Expression is Upregulated in CC Tissues and Cells

The results of immunohistochemistry demonstrated that com-
pared the CIN group, the expression level of OPN was remarkably 
increased in CC tissues (Figure 1A-B). The subsequent western blot 
assay further verified this (Figure 1C-D). Afterward, the mRNA and 
protein level of OPN were evaluated in CC cell lines, including Hela, 
HEC-1-B, BT-B, CASKI and siha cells. The results demonstrated that 
the highest mRNA and protein levels of OPN were found in BT-B 
cells, while the lowest levels were found in siha cells (Figure 1E-
G). Thus, both two cell lines were selected for the following exper-
iments.

Figure 1: OPN expression is upregulated in CC tissues and cells. (A-B) Immunohistochemistry was used to determine OPN 
levels in CC and CIN tissues. scale bar = 100 μm. (C-D) OPN protein levels were measured by western blot. (E) The OPN mRNA 

levels in different CC cell lines, including siha, Hela, HEC-1-B, BT-B and CASKI. (F-G) The OPN protein levels in different CC 
cell lines. *P < 0.05, **P < 0.01, ***P < 0.001. ns: no significance.
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EffectS of OPN on the Malignant Behaviors of CC Cells

To explore the biological functions of OPN in CC cells, siha cells 
were chosen for the silencing experiments of OPN, whilst BT-B 
cells were chosen for the overexpression experiments of OPN. As 
illustrated in Figure 2A-B, transfection of OE-OPN significantly el-
evated OPN expression, while OPN expression was markedly de-
creased following siRNA OPN transfection. After that, the viabilities 
of transfected cells were evaluated using CCK-8 assays. The results 
demonstrated that the overexpression of OPN remarkably facilitat-
ed cell viability (Figure 2C). The opposite results were observed 
when OPN was silenced (Figure 2C). As shown in Figure 3A-C, the 
apoptosis rate of BT-B cells with OPN overexpression were obvious-

ly reduced compared with the OE-NC group. In contrast, compared 
to the siRNA NC group, the apoptosis rate in the siRNA OPN group 
was significantly reduced. The results suggested that OPN down-
regulation could induce a significant promotion of CC cell apopto-
sis. Subsequently, we further investigated the influences of OPN on 
cell invasion and migration via Transwell and wound healing as-
says. As shown in Figure 4A-B, we found that BT-B cell migration 
was significantly enhanced with OPN upregulation. However, the 
migratory capacities were remarkably inhibited in siha cells that 
transfected with siRNA OPN. Furthermore, as presented in Figure 
5A-D, the number of invading cells was markedly increased after 
OPN overexpression in BT-B cells. Conversely, OPN knockdown 
overtly decreased the number of invading siha cells.

Figure 2: Effects of OPN on cell viability. (A) The expression level of OPN in BT-B cells that transfected with OE-OPN was 
detected by RT-qPCR. (B) The expression level of OPN in siha cells that transfected with siRNA OPN was detected by RT-qPCR. 

(C) CCK-8 assays were performed to assess cell viability. *P < 0.05, **P < 0.01, ***P < 0.001. ns: no significance.

Figure 3: Effects of OPN on cell apoptosis. (A-C) Following transfection of OE-OPN or siRNA OPN, the apoptosis rate of CC cells 
was assessed by flow cytometry. ***P < 0.001.
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Figure 4: Effects of OPN on cell migration. (A-C) Following transfection of OE-OPN or siRNA OPN, the migration of CC cells 
was evaluated by wound healing assay. scale bar = 200 μm. ***P < 0.001.

Figure 5: Effects of OPN on cell invasion. (A-D) Following transfection of OE-OPN or siRNA OPN, the invasion of CC cells was 
evaluated by transwell assay. scale bar = 100 μm. ***P < 0.001.
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Silencing of OPN Inhibits Xenograft Growth in vivo 

Consistent with the aforementioned in vitro results, knocking 
down OPN in nude mice remarkably inhibited the tumor growth, 
as evidenced by the decreased tumor volume and weight (Figure 
6A-C). Afterward, HE staining was employed to observe the histo-
pathological changes of xenografts. We found that compared to the 

shRNA-NC group, tumor cells in the shRNA-OPN group exhibited a 
reduction in size, with patchy and loose arrangement, lighter stain-
ing, and pronounced apoptosis (Figure 6D). Through immunohis-
tochemistry, we found that injection of shRNA-OPN significantly 
suppressed the expression of OPN (Figure 6E-F).

Figure 6: Silencing of OPN inhibits xenograft growth in vivo. (A) The representative images of excised xenografts (B-C) The 
weight and volume change of tumors. (D) Hematoxylin-eosin staining was performed to observe the histopathological changes 
of xenografts. scale bar = 100 μm. (E-F) Immunohistochemistry was performed to assess OPN protein level. scale bar = 100 μm. 

*P < 0.05, ***P < 0.001.

Discussion
OPN is a multifunctional phospho-glycoprotein secreted by a 

variety of cell types, including osteoblasts, T cells, NK cells, mac-
rophages, and cancer cells. It can facilitate cell–matrix interactions 
and promote tumor progression. Previous literatures have demon-
strated that the expression of OPN is demonstrated in various can-
cers and is associated with the disease progression of different 
tumors, such as those in liver [14], colon [15], prostate [16] and 
breast [17] cancer. Additionally, the increased extracellular levels of 

OPN showed positive association with the progression and progno-
sis of various tumor [18]. A recent study also indicated that plasma 
levels of OPN in CC patients in both the plasma and serum were sig-
nificantly higher than that of healthy subjects [19]. These findings 
indicate the important role of OPN in tumor cells growth. However, 
the functional role of OPN in the progression of CC remains unclear. 
Therefore, the current study was to explore the expression of OPN 
in CC compared with CIN, and evaluate its effect on the biological 
behavior of CC cells.
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In this study, we examined the expression level of OPN in CC 
tissues. The results demonstrated that OPN was remarkably over-
expressed in CC compared to CIN. Furthermore, to investigate the 
biological function of OPN in cell proliferation, apoptosis, migration 
and invasion, siha cells exhibiting relatively low expression levels 
of OPN were chosen for the following silence experiments of OPN, 
and BT-B cells showing relatively high expression levels of OPN 
were chosen for the following overexpression experiments of OPN. 
Significantly, limitless proliferation of tumor cells is the crucial ma-
lignant feature of cancer, which probably leads to a variation in the 
development of the cell cycle [20]. Huang. et al. [21] found that OPN 
facilitated colorectal cancer cell proliferation by activating the p38 
MAPK signaling pathway. Our results identified that the upregula-
tion of OPN by lentiviruses markedly promoted the proliferation of 
CC cells, and the downregulation of OPN by siRNA could suppress 
proliferation, as displayed by CCK-8 assay. These results suggested 
that OPN could promote CC cell proliferation. Additionally, the ef-
fect of OPN on the proliferation of CC was further demonstrated in 
CC xenograft model, which was consistent with aforementioned in 
vitro observations. We found that the tumors formed by siha cells 
transfected with OPN downregulation grew slower than the control 
group.

It’s widely acknowledged that the occurrence and progres-
sion of malignant tumors is involved in abnormal cell apoptosis. 
Decrease of OPN levels using siRNA obviously increase apoptosis 
in the claudin-low breast cancer cell lines [22]. Yan, et al. demon-
strated that OPN can protect glioma cells from apoptosis induced 
by OPN siRNA through variation of the expression levels of Bcl-2 
family proteins [23]. In our study, OPN was also demonstrated to 
have an inhibitory effect on the apoptosis of CC cells, demonstrating 
a significant apoptosis suppression of cancer cells following over-
expression.

On the other hand, migration and invasion are crucial in cancers 
[24]. Migration is essential for tumor cell invasion, and the invasion 
of cancer cells into adjacent tissue is the first step in tumor distant 
metastasis. Increasing evidence suggests that OPN facilitates the 
migration and invasion of cancer cells during disease progression. 
He, et al. [25] found that the knockout of OPN in colorectal cancer 
remarkably inhibits cell migration. Additionally, Hao, et al. indicated 
that OPN activates the RON signaling pathway, thus promoting mi-
gration and invasion of non-small cell lung cancer cells [26]. In the 
current study, OPN expression was closely involved in the migration 
and invasion of CC cells. Conversely, the invasion and migration of 
cancer cells with OPN overexpression was significantly relieved by 
OPN knockdown. These data indicated that OPN can be regarded 
as a tumor promoter during the progression and metastasis of CC.

Conclusion
In summary, this study demonstrated that OPN can facilitate 

the proliferation, migration and invasion, as well as inhibit the 
apoptosis process in CC cells. These findings could help strength-
en the theoretical foundation for creating targeted therapeutic ap-

proaches for CC in clinical practice.
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