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Abstract

Purpose Cisplatin (DDP)-based chemotherapy is a standard strategy for cervical cancer, while chemoresistance remains a
huge challenge. In the present study, we aimed to explore the effects of SPP1 on the proliferation and apoptosis rate of the
HelLa cervical cancer cell line with cisplatin (DDP) resistance.

Methods Microarray analysis was employed to select differentially expressed genes in cervical cancer tissues and adjacent
tissues. Then, we established a DDP-resistant HeLa cell line (res-HeLa). Western blotting was used to detect SPP1 expression
in both tissue and cells. After the transfection with si-SPP1 and pcDNA3.1-SPP1, colony formation and MTT assays were
applied to detect cell proliferation changes. Flow cytometry was employed to detect the cell apoptosis rate. Western blotting
was performed to verify the activation of PI3K/Akt signal pathway proteins related to DDP resistance.

Results SPP1 was overexpressed in cervical cancer tissues and cell lines. Compared to normal HeLa cells, expression of SPP1
was significantly enhanced in res-HeLa cells. SPP1 knockdown resulted in repressed proliferation and enhanced apoptosis
of res-HeLa cells, which could be reversed by SPP1 overexpression in HeLa cells. Additionally, downregulation of SPP1
improved the DDP sensitivity of HeLa by inhibiting the PI3K/Akt signaling pathway.

Conclusion SPP1 inhibition could suppress proliferation, induce apoptosis and increase the DDP chemo-sensitivity of HeLa

cells.
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Introduction

Cervical cancer, which is one of the most prevalent malig-
nant neoplasms, affects approximately 529,800 new patients
every year, and 275,100 of them are diagnosed with a deadly
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form of the cancer [1]. Among them, 30% of patients are
aged less than 30 years [2]. To date, joint treatment of
chemo-radiation (CRT) and neoadjuvant chemotherapy
(NACT) followed by radical surgery (RS) have proven
effective in cervical cancer overall survival [3], and over 20
chemotherapeutics are now available. However, the response
rate remains low, which may be related to the resistance
to chemotherapy of cervical cancer cells [4, 5]. Therefore,
it is very important to explore the possible mechanisms of
chemo-resistance in cervical cancer [6].

Cisplatin (DDP)-based chemo-radiotherapy is the stand-
ard therapy for locally advanced cervical cancer [7]. DDP
crosslinks with purine bases in DNA molecules and interferes
with DNA repair, which causes apoptosis and necrosis in
cancer cells [8]. However, long-term treatment with DDP
induces drug resistance in tumor cells although DDP is one
of the most efficient agents for cervical cancer metastasis [9].
Studies have demonstrated that DDP resistance in res-HelLa
cells is far more significant compared to wild-type HeLa cells
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[8]. Therefore, a key point for cervical cancer chemo-radio-
therapy lies in overcoming the DDP resistance of tumor cells.

Secreted phosphoprotein 1 (SPP1), which is also known
as osteopontin (OPN), controls the growth, proliferation,
migration and apoptosis of cells. The association between
the expression of SPP1 and chemo-resistance in tumori-
genesis, such as prostate cancer, has also received attention
from researchers [10]. It is widely accepted that OPN has
certain functions, including the upregulation of cancer cell
proliferation and apoptosis inhibition [11]. Studies have also
revealed that in many malignancies, OPN expression level
was upregulated [12]. For instance, SPP1 overexpression
was observed in Leukemia [13], lung cancer [14] and glio-
blastoma [15]. However, the role of SPP1 in cervical cancer
remains unclear and further research is needed. Therefore,
the correlation between SPP1 and cervical cancer needs to
be investigated further.

Hela is an immortal cervical cancer cell line, and the
phosphatidylinositol 3-kinase/Protein kinase B (PI3K/Akt)
signaling pathway is a signal transduction network. Huan
Chang et al. revealed that the PI3K/Akt signal pathway was
involved in the autophagy of HeLa cells [16], and Shu XR
et al. suggested that a PI3K/Akt-dependent pathway was
involved in cisplatin resistance [17]. Therefore, we investi-
gated the activation of the PI3K/Akt signal pathway in HeLa
cells to explore a possible mechanism of DDP resistance.

In our study, we examined the role of SPP1 in a HeLa cell
line and tested a possible mechanism by detecting cell prolif-
eration and apoptosis in HeLa cells. Additionally, DDP sen-
sitivity in HeLa cells influenced by SPP1 was investigated.

Materials and methods
Tissue samples

Sixteen cervical cancer and corresponding adjacent tissues
were obtained from resected specimens collected during
cervical cancer surgery in the General Hospital of Tianjin
Medical University. Tissue samples were snap-frozen in lig-
uid nitrogen and preserved at — 80 °C until RNA or protein
extraction. This study and all the specimens involved were
approved by the Ethics Committee of General Hospital of
Tianjin Medical University.

Cell culture and reagents

Immortalized human epithelial cell line H8 and cervical can-
cer cell line C-33A (HeLa and CaSki) were purchased from
BeNa Culture Collection (Beijing, China). The res-Hela
cell line was obtained from HeLa cells that survived DDP
screening. All cell lines were cultured in Dulbecco’s modi-
fied eagle medium (DMEM) with 10% fetal bovine serum
(FBS) at 37 °C in 5% CO,.
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SiRNA construction

Two siRNAs (Integrated Biotech Solutions, Shanghai,
China) were synthesized and transfected into HeL.a and res-
HeLa cell lines using Lipofectamine RNAi MAX reagent
(Invitrogen, Carlsbad, CA, USA) according to the manufac-
turer’s instructions (siRNA: Lipofectamine =10 nM:1 pL).
The following siRNA sequences were used: si-SPP1-1,
5'-CGAUCGAUAGUGCCGAGAAGC-3' and si-SPP1-2,
5'-AGCUAGUCCUAGACCCUAAGA-3'.

SPP1 overexpression plasmid construction

A polymerase chain reaction (PCR) was used to amplify the
CDS region of SPP1 in the HeLa cell line. DNA fragments
were separated from an agarose gel and collected using the
small amount QIAquick Gel Extraction Kit (SBS Genetech
Co., Ltd, Beijing, China). An enzyme digestion reaction
was performed using plasmids and the collected DNAs.
Then, the products were used for a ligase reaction with the
pcDNA3.1 vector. Cells with stable SPP1 protein expression
were selected and amplified.

Quantitative real-time polymerase chain reaction
(qRT-PCR)

The total RNA was extracted using the Total RNA Kit (R6834;
Omega, Norcross, GA, USA). The PrimeScript RT reagent
Kit (DRR0O27A, TaKaRa, Dalian, China) was used for reverse
transcription. Then, 2 ug of product for reverse transcription
was obtained to perform a qRT-PCR reaction using specific
primer sequences and to draw standard PCR reaction curves.
GAPDH was used as an internal reference gene. The mRNA
expression level was acquired using the 2722 method. All
reactions were performed in triplicate. The following prim-
ers were used: SPP1 (forward: 5-TTTGTTGTAAAGCTG
CTTTTCCTC-3', reverse: 3'-GAATTGCAGTGATTTGCT
TTTGC-5") and GAPDH (forward: 5'-AGTAGAGGCAGG
GATGATG-3', reverse: 3'-GGTATCGTGGAAGGACTC-5").

Colony formation assay

Cells were digested, counted and used to make a 1 X 10/L
cell suspension. Then 200 puL of the cell suspension and
10 mL complete medium were added to each 60 mm glass
panel. After transfection, the cells were maintained at 37 °C
in 5% CO, for 14 days until visible colonies appeared.
Then, the cells were washed with phosphate-buffered solu-
tion (PBS) and fixed with methanol for 15 min. After the
cells were washed with running water, 1 mL 0.1% crystal
violet solution (Beijing Dingguo Changsheng Biotech Co.,
Ltd, Beijing, China) was added to stain the cells for 30 min.
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Afterwards, the cells were washed with running water, dried
and examined under a microscope.

MTT assay

Cells were cultured in serum-free medium for 10 h until
they reached the logarithmic phase of growth. After digest-
ing the cells with 0.25% trypsin, the concentration of single
cell suspension was adjusted to 5x 10* cells/mL. The cells
were seeded into a 96-well plate with 100 pL/well along
with a drug treatment. Next, MTT reagent (Sigma, St. Louis,
MO, USA) was added to each well. After 4 h of incubation,
Dimethyl sulfoxide (DMSO, Sigma, St. Louis, MO, USA)
was added to remove the excess dye solution. Cell viability
was detected after 24 h, 48 h and 72 h. The OD (optical
density) value was measured at 490 nm. All reactions were
performed in triplicate.

Cell apoptosis assay

Treated cells were washed with PBS twice and then sus-
pended in binding buffer at 1x 10° cells/mL. Next, 100 pL of
the cell suspension was put into a 5-mL flow tube, and 5 uL
of Annexin V/PE and 10 pL of 7-AAD (#YB40310ES20,
ATCC, Manassas, VA, USA) were added. The cells were
cultured at room temperature in darkness for 15 min. After-
wards, 400 pL 1 Xxbinding buffer was added, mixed com-
pletely and then detected within 1 h. Three groups were
involved in the experiment: viable cells with low-intensity
background fluorescence, apoptotic cells at an early stage
with stronger reddish orange fluorescence and apoptotic cells
at a late stage with both reddish orange and red fluorescence.

Chemosensitivity assay

HelL a cells at the logarithmic growth phase were seeded into
96-well plates (180 uL/well, 1x 10° cells/mL) and main-
tained at 37 °C in 5% CO, for 24 h. Three parallel wells were
set, and the cells in the treatment groups were treated with
or without 10 uM DDP, whereas the negative control group
received the same volume of physiological saline. After
incubation for 48 h, 20 pL MTT (5 mg/mL) was added to
each well. The cells were continually incubated at 37 °C for
4 h, centrifuged at 2,000 rpm for 10 min and then the super-
natant was discarded. Next, 100 uyL DMSO was added, and
the solution was mixed until the precipitate was completely
dissolved. The OD value was measured at 570 nm using an
ELISA reader and a tumor cell inhibitory rate was calculated
according to the following equation:

OD value of control group — OD value of experimental group

The dose-response curve was obtained by plotting the
growth inhibitory rate of the tumor cells with different con-
centrations of drugs, and the half-inhibitory concentration
ICsq, which is the dose of the drug when the survival rate
was reduced by 50%, was obtained. The fold-change in drug
resistance was calculated according to the ratio of ICs in
each group to ICs in sensitive groups.

Western blot

Cells were lysed using cell lysis buffer (78,501, Thermo Sci-
entific, Rockford, IL, USA) to measure the protein concen-
tration using a pierce BCA assay (23,225, Thermo Scientific,
Rockford, IL, USA). Protein electrophoresis was performed
using an SDS—-PAGE and polyvinylidene (PVDE) mem-
brane that was blocked at room temperature for 3 h. The
primary antibodies anti-SPP1 (#H00006696-MO01, 1:1000;
Abnova, Heidelberg, Germany) and anti-GAPDH (#ab8245,
1:5000,Abcam, Heidelberg, Germany) were added and incu-
bated at room temperature for 1 h and then washed with
PBS three times. Immunoreactive bands were detected with
a chemiluminescence system (32,209, Thermo Scientific,
Rockford, IL, USA) and the data were measured using
Imagel. All reactions were performed in triplicate.

Statistical analysis

GSE9750 was used for gene analysis and selection of cervi-
cal cancer and adjacent tissues. A fold change < — 16 was
considered to be downregulated. A fold change > 16 was
considered to be overexpressed. A P value <0.05 (adjusted
by Benjamini-Hochberg (BH) method) was considered sta-
tistically significant. The data were analyzed using SPSS
24.0 software (SPSS Inc., Chicago, IL, USA) and GraphPad
7.0 software (GraphPad Inc., San Diego, CA, USA). The
data were determined as the mean =+ standard deviation (SD)
and ANOVA was adopted for intergroup comparison.

Results

SPP1 was overexpressed in cervical cancer tissues
and cell lines

To reveal the differentially expressed mRNAs in the cervi-
cal cancer tissues, we used a microarray analysis, and the
results are shown as a volcano plot and a heatmap. As seen
in Fig. 1a, b, expression of SPP1 was significantly higher in

Inhibitory rate (100%) =

% 100%.

OD value of control group
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cervical cancer tissues compared to adjacent tissues. The
Western blot results of cervical cancer tissues from patients
also showed that SPP1 was upregulated in cervical cancer
(*P <0.05, Fig. 1c). Additionally, expression of SPP1 was
detected in cell lines. We set up five groups of cell lines.
The Res-HeLa cell line was obtained from HeLa cells that
survived DDP treatment. ICs, analysis showed that there
was significant difference in DDP resistance between nor-
mal and DDP-resistant HeLa cells (***P <0.001, Fig. 1d).
The common cervical cancer cell lines C-33A, HelLa and
CaSki were included. Human epithelial cell line H8 was
used as a control. These results demonstrated that the SPP1
protein expression level significantly increased in the DDP-
resistant cervical cancer cell line HeLa/DPP and common
cervical cancer cell lines (C-33A/HeLa/CaSki). Compared
to the HeLa cell lines, the res-HeLa cell lines significantly
expressed more SPP1(**P <0.01, ***P <0.001, Fig. le).
Overall, SPP1 was significantly overexpressed in cervi-
cal cancer tissues and cells. The expression of SPP1 in

Fig.2 SPP1 promoted proliferation and suppressed apoptosis of »
HeLa cells. a qRT-PCR results showed that the relative SPP1 expres-
sions in the si-SPP1-1 and si-SPP1-2 groups were significantly lower
compared to the Blank and si-ctrl groups. b The data of qRT-PCR
revealed that the relative SPP1 mRNA expressions in the SPP1 over-
expression groups were significantly higher compared to the Blank
and ctrl groups. ¢ SPP1 expression in the res-HeLa cell lines was ana-
lyzed with a Western blot. Si-SPP1 was transfected in res-HeLa cells.
¢ SPP1 expression in HeLa cell lines was analyzed with a Western
blot. The SPP1 plasmid was transfected into HeLa cells. d, e Colony
formation in res-HeLa and HeLa cell lines. Si-SPP1 was transfected
into res-HeLa cells, and the SPP1 plasmid was transfected into HeLa
cells. Cell colony formation was reduced in the si-SPP1 group com-
pared to the corresponding Blank and NC groups. While in the HeLa
cell line, colony formation was promoted in the SPP1 overexpression
group compared to the corresponding Blank and NC groups. f Cell
viability was analyzed by MTT analysis in 96 h and was significantly
enhanced in the HeLa+ SPP1 group, whereas viability was repressed
in the res-HeLa+5si-SPP1 group compared to the NC group. g The
cell apoptosis rate was significantly enhanced in the si-SPP1 group
compared to the Blank and NC groups in the res-HeLa cell line,
whereas an insignificant difference was revealed in the SPP1 group
in HeLa cells *P<0.05, **P<0.01, ***P<0.001. Three repeated
experiments were carried out for each assay
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Fig.1 SPP1 expression level in tissues and cells. a Volcano Plot:
SPP1 was significantly overexpressed in cervical cancer tissues
(P<0.001). b Heat map: Among 20 genes, SPP1 was significantly
and highly expressed in cervical cancer tissues compared with the
adjacent tissues. ¢ SPP1 expression in 16 cervical cancer tissues and
adjacent tissues from a Western blot. d Continuous treatment of a
HeLa cell line with the median-lethal dose of DDP to. The 1st gen-
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Generations

eration of HeLa cells was the normal HeLa cell line, and the 8th gen-
eration was labeled as res-HeLa (DDP-resistant HeLLa). The medium
was changed every day. e SPP1 expression was analyzed by West-

ern blot in H8, C-33A, HeLa, CaSki and res-HeLa cells (*P <0.05,

**P<0.01, ***P<0.001). Three repeated experiments were carried
out for each assay
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DDP-resistant HeLa cell lines was significantly improved
compared to normal HeLa cells, which indicated that the
aberrant overexpression of SPP1 might be closely linked to
DDP resistance in cervical cancer.

SPP1 promoted cervical cell line proliferation
and inhibited apoptosis

Among the cell lines that were studied, SPP1 expression was
the highest in the res-HeLa and HeLa cell lines. Therefore,
res-Hela and HeLa were chosen for further study. qRT-PCR
and Western blot results showed that siRNA1 and siRNA2
could both inhibit SPP1 mRNA and protein expression in
the two cell lines (***P <0.001, Fig. 2a, c). Further research
displayed that SPP1 was overexpressed in the HeLa group
transfected with a SPP1 plasmid (***P <0.001, Fig. 2b, d).
SPP1-differential-expression cell lines were established, and
we detected cell proliferation and apoptosis potential. In the
res-HeLa group, the colonies in the si-SPP1 group had sig-
nificant downregulation, whereas the SPP1-overexpressed
group in the HeLa cell line demonstrated a substantial
increase increased obviously (***P <0.001, Fig. 2e, f). The
MTT assay results revealed that cell viability dropped in the
si-SPP1 group and was enhanced in the SPP1 group in the
res-HeLa or HeLa cell lines, respectively, with statistical
significance observed after 48 h (**P <0.01, ***P <0.001,
Fig. 2g). Additionally, after transfection with si-SPP1, the
apoptotic rate of res-HeLa cell lines significantly increased.
Nevertheless, the overexpression of SPP1 led to a signifi-
cant reduction in HeLa (**P <0.01, ***P <0.001, Fig. 2h).
Taken together, SPP1 protein could promote proliferation
and inhibit apoptosis both in res-HelLa and HeLa cells.

SPP1 inhibition increased the DDP sensitivity
of Hela

To reveal the relationship between SPP1 expression
and DDP resistance, we added 10 uM DDP to res-HeLa.
The mRNA and protein expression of SPP1 were both
induced by DDP, which indicates that the upregulation of
SPP1 increased resistance to DDP (*P <0.05, **P <0.01,
***%P <0.001, Fig. 3a, b). Furthermore, we added PI3K
signaling pathway inhibition LY294002 to analyze the rela-
tionship between DDP resistance and the PI3K signaling
pathway. Colony formation and MTT assays revealed that
an inhibitory effect of independent DDP on cell proliferation
and viability was not evident, whereas independent SPP1
siRNA or cDNA reversed cell proliferation and viability
remarkably. Moreover, in the res-HeLa cell line, combi-
nation of DDP and SPP1 siRNA had significantly more
inhibition of cell proliferation compared to using DDP or
SPP1 siRNA only (*P <0.05, **P<0.01, ***P <0.001,
Fig. 3c—e). Additionally, a cell apoptosis assay displayed
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that the transfection of SPP1 siRNA led to effective cell
apoptosis in the res-HeLa cell line, and the highest cell apop-
totic level occurred in the DDP + siRNA group (*P <0.05,
**P<0.01, ***P <0.001, Fig. 3f), which indicates that
SPP1 suppressed the treatment of DDP in HeLa. Meanwhile,
inhibition of PI3K signaling pathway significantly inhibited
cell proliferation and anti-apoptosis.

Overexpression of SPP1 induced DDP resistance
in Hela

Furthermore, we established SPP1-overexpressed HeLa
cell lines and added 10 uM DDP. Transfection was success-
ful, and DDP had an ability to improve SPP1 expression
(*P<0.05, ¥*P<0.01, ***P<0.001, Fig. 4a, b). Overex-
pression of SPP1 significantly improved colony formation,
proliferation and anti-apoptosis ability in HeLa cell lines.
DDP Treatment could not completely reverse the function of
SPP1. PI3K signaling pathway inhibition significantly sup-
pressed cell viability (*P <0.05, **P<0.01, ***P <0.001,
Fig. 4c-1).

SPP1 siRNA increased HeLa DDP sensitivity
by deactivating the PI3K/Akt signal pathway

Western blot results showed that in the res-HelLa cell line,
SPP1 siRNA only or the combination of DDP and SPP1
siRNA repressed p-PI3K, p-Akt and p-ERK expression
levels considerably (*P <0.05, **P <0.01, ***P <0.001,
Fig. 5a). The results verified that the PI3K/Akt signal path-
way was suppressed effectively through the combination of
DDP and SPP1 siRNA. From above, it was inferred that
SPP1 siRNA could increase the DDP sensitivity of HeLa
by inactivating the PI3K/Akt signal pathway.

Discussion

Cervical cancer is a death-causing malignancy in gynecol-
ogy, and DDP has been used as one of the most effective
chemo-radiotherapy agents for treating this cancer [18].
However, therapeutic resistance has been found in cervical
cancers cells, especially in patients with metastatic, recur-
rent and advanced disease [17]. In our study, we found that
SPP1 was overexpressed in cervical cancer tissues and cells,
and cell proliferation as well as viability in the cDNA group
was notably increased while apoptosis decreased. The results
for the SPP1 siRNA group showed the opposite result. Fur-
thermore, we confirmed that SPP1 siRNA could repress
DDP resistance by inhibiting the PI3K/Akt signal pathway
in tumor cells.

A previous study indicated that SPP1 expression was
significantly distinct in cervical cancer and normal cell
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lines [19]. Consistent with that study, we revealed that
SPP1 mRNA and protein expression levels were remark-
ably higher in cervical cancer tissues compared to adjacent
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the decrease was more significant in the DDP+5si-SPP1 group. e
Cell viability was significantly reduced in the res-HeLa+ SPP1
group supplemented with DDP. f The cell apoptosis rate was signifi-
cantly promoted in the si-SPP1+DDP group. *P <0.05, **P <0.01,
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tissues. Additionally, it was widely maintained that HeLLa
cell proliferation and apoptosis were adjusted by SPP1 [20]
and SPP1 downregulation, which were confirmed to be
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involved in tumor growth inhibition and anti-tumor activi-
ties [21]. For example, Cho et al. suggested that SPP1 could
be regarded as a biomarker for cervical cancer [22] and Song
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formation was significantly reduced in the DDP treatment group,
whereas the decrease was reversed with transfection of SPP1. e
Cell viability was less significantly reduced in the res-HeLa+ SPP1
group supplemented with DDP. f The cell apoptosis rate was signifi-
cantly enhanced in the si-SPP1+4DDP group. *P <0.05, **P <0.01,
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et al. indicated that SPP1 upregulation was linked with the
invasion of cervical cancer [23]. The present study witnessed
the same phenomenon in that SPP1 induced HeLa growth.
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Nevertheless, when SPP1 was silenced by SPP1 siRNA,
HeLa cell proliferation was obviously inhibited while the
apoptosis rate increased dramatically. Therefore, our data
supported the view that SPP1 promoted HeLa cell prolifera-
tion and inhibited apoptosis.

Until now, abundant research has been conducted to
study miRNAs, proteins or genes that are potentially
related to DDP resistance. Fang Li et al. have reported that
DDP resistance in ovarian cancer can be reversed by the
TNF-related apoptosis-inducing ligand (TRAIL) protein
[24]. Hui Yang et al. also suggested that DDP sensitivity
could be increased by deregulating miR-497 in cervical
cancer HeLa cells [25]. Furthermore, SPP1 was found to
contribute to DDP resistance in glioma [26] and small cell
lung cancer [27]. In line with these findings, we discov-
ered for the first time that DDP sensitivity was enhanced
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with si-SPP1 and DDP, respectively, and reached their lowest value
in si-SPP1+DDP groups. *P <0.05, **P <0.01, ***P <0.001. Three
repeated experiments were carried out for each assay

considerably in cervical cancer cells after SPP1 siRNA
was added, and we found that SPP1 inhibition could
reduce DDP resistance in HeLa cells.

Numerous experiments suggested that the PI3K/Akt
signal pathway played an important role in cervical can-
cer. For example, Li et al. showed that activation of the
PI3K/AKkt signal pathway could promote cervical cancer
cell proliferation [28], and Liao et al.’s research demon-
strated that PI3K and Akt expression levels increased in
cervical cancer tissues compared to adjacent tissues [29].
Additionally, SPP1 has been observed to promote the
growth and proliferation of HeLa and suppress apoptosis
by activating related signaling pathways [30]. Similarly, in
our research, p-PI3K, p-Akt and p-ERK expression levels
declined after SPP1 siRNA was added, which indicates
that the PI3K/Akt signal pathway was positively related
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to SPP1 and could be inhibited by SPP1 siRNA. However,
limitations, such as the small sample size and the absence
of in vivo experiments, still exist in this study. To draw
more convincing conclusions, larger samples should be
investigated, and in vivo experiments should be carried
out if conditions permit.

Conclusion

In the present study, SPP1 was used for the first time as a
possible target for removing DDP resistance in cervical can-
cer treatment, and it was demonstrated that DDP sensitivity
could be restored by inactivating the PI3K/Akt signaling
pathway in cervical cancer. The exploration of the function
of siRNAs in cancer chemo-resistance via particular path-
ways has great significance in human cancer therapy. There-
fore, in future research, the actions of siRNAs in chemo-
resistant processes and signaling pathways should be further
investigated.
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