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The purpose of this study was to assess the effects of NBPF1 expression on cervical cancer cell invasion and 
apoptosis and to illustrate its potential mechanism. Human cervical cancer HeLa cells were transfected with 
the constructed siNBPF1 or pcDNA3.1-NBPF1 vectors. Effects of NBPF1 expression on cell invasion abil-
ity and cell apoptosis were analyzed using the Matrigel method and an Annexin V-FITC cell apoptosis kit, 
respectively. In addition, cell apoptosis-related proteins involved with the PI3K/mTOR signaling pathway were 
analyzed using Western blot. Remediation experiments were conducted to verify the effects of NBPF1 expres-
sion on cell invasion and apoptosis. Compared to the control, mRNA and protein expressions of NBPF1 were 
significantly decreased when cells were transfected with siNBPF1 (p < 0.05), which was contrary to the results 
of cells transfected with pcDNA3.1-NBPF1. Overexpression of NBPF1 significantly suppressed HeLa cell 
invasion but promoted cell apoptosis (p < 0.05). Overexpression of NBPF1 performed a significant inhibitory 
role on PI3K/mTOR signal pathway expression, while NBPF1 was silenced, showing contrary results. Our data 
suggested that NBPF1 overexpression may be a suppressor for cervical cancer via affecting cell invasion and 
apoptosis through regulating PI3K/mTOR signaling pathway. NBPF1 may be a potential therapeutic target for 
cervical cancer treatment.
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INTRODUCTION

Cervical cancer is one of the most common malig-
nancies among females, which has become a huge bur-
den worldwide (1). Mortality for cervical cancer is high, 
and its incidence is second only to breast cancer among 
malignancies in females (2). Previous achievements in cer-
vical cancer treatments were mainly surgery and chemo-
therapy. While surgery was reserved for patients who 
were diagnosed with cervical cancer at an early stage, 
cervical cancer patients with mid- or late stage disease 
could only receive chemotherapy treatment, which exerted 
huge side effects on their bodies (3,4). So far, there is no 
cure for cervical cancer in the clinical setting due to its 
complicated pathogenesis. Therefore, it is necessary to 
explore its mechanism for pathogenesis and to find sev-
eral methods that would be effective in cervical cancer 
treatment.

Previous evidence has inferred that there are a vari-
ety of factors involved in cervical cancer pathogen 
mechanism such as human papillomavirus (HPV) infec-
tion, miRNAs, nutritional factors, biological factors, and 

immune and cancer-related genes. For instance, HPV 
has been considered to be the dominant sector for cervi-
cal cancer progression, and several new HPV types have 
been reported to be associated with cervical cancer devel-
opment (5). TGF-b promotes cervical cancer by activat-
ing a signal pathway through suppressing the cell cycle 
at G

1
 stage (6).

Neuroblastoma breakpoint family member 1 (NBPF1) 
is a member of the NBPF family of proteins that consists 
of dozens of recently duplicated genes primarily located 
in segmental duplications on human chromosome 1 (7). 
NBPF1 has been implicated in a number of develop-
mental and neurogenetic diseases such as microcephaly, 
macrocephaly, autism, schizophrenia, mental retardation, 
congenital heart disease, neuroblastoma, and congenital 
kidney and urinary tract anomalies (8,9). Recently, numer-
ous evidence has reported that altered expression of 
NBPF1 was associated with several types of cancer patho-
genesis, such as gastric cancer and neuroblastoma (10,11). 
Moreover, a recent article reported that NBPF1 acts as a 
tumor suppressor in neuroblastoma through inducing G
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cell cycle arrest (12). Although NBPF1 has been impli-
cated in several kinds of diseases, there is no report on the 
association of NBPF1 in cervical cancer.

In this study, we used the human cervical cell line of 
HeLa cells to assess the effects of NBPF1 expression on can-
cer cell invasion and apoptosis based on the gene silencing 
method. Comprehensive experimental methods were used 
to analyze cell apoptosis, cell invasion, and cell apoptotic-
 related protein expressions in HeLa cells. This study aimed 
to investigate the potential mechanism of NBPF1 in cer-
vical cancer development and progression. Our study may 
provide a basis for illustrating the potential pathogenic 
mechanism for cervical cancer and for the therapeutic pos-
sibility of NBPF1 in cervical treatment application.

MATERIALS AND METHODS

Cell Culture and siRNA Transfection

Human cervical cancer cell line HeLa cells (pur-
chased from the Institute of Immunology of Medicine, 
Shanghai Jiaotong University) were cultured in RPMI-
1640 medium supplemented with 10% fetal bovine serum 
(FBS) and 1% antibiotic–antimycotic (Invitrogen, USA) 
in a saturation of 5% CO

2
 at 37°C.

The NBPF1 expression vector of pcDNA3.1-NBPF1 
was constructed based on subcloning the full-length wild-
type NBPF1 coding sequence into pcDNA3.1 (Sangon 
Biotech, Shanghai, China). The empty pcDNA3.1 plasma 
was transfected into HeLa cells as a control group. In addi-
tion, NBPF1-siRNA vector was constructed by Sangon 
Biotech (Shanghai). siRNA with no silencing NBPF1 
target sequence was synthesized by (Sangon Biotech) 
and transfected into cells for the control. Cell transfec-
tions were conducted with Lipofectamine 2000 reagent 
(Invitrogen) based on the manufacturer’s protocol. G418 
(Sigma-Aldrich, USA) was used for stable NBPF1 trans-
fectant selection.

Cell Invasion Assay

The invasion ability of HeLa cells transfected with 
siNBPF1 or pcDNA3.1-NBPF1 plasmas was measured 
using the Matrigel method as previously described (13). 
Briefly, cells were cultured in six-well plates at the den sity 
of 5 × 105 per well and cultured for 48 h, followed by replace-
ment of fresh serum-free RPMI-1640 medium containing 
FBS for 24 h. The upper layer of a Transwell was enveloped 
with serum-free RPMI-1640 medium supplemented with 
50 mg/L Matrigel and then air dried at 4°C. After being 
sucked out of the medium, 50 μl fresh serum-free medium 
containing 10 g/L BSA was added and then cultured for 
30 min at 37°C. After that, the Transwell was put into 
the 24-well plates and cultured with DMEM (Dulbecco’s 
modified Eagle medium) medium (Sigma-Aldrich, USA) 
mixed with 10% FBS. The cells in the Transwell were 
suspended with serum-free DMEM medium. After 48 h, 

the Transwell in each group was washed with PBS buffer 
to remove the upper cells on microporous membrane and 
then fixed in ice-cold alcohol. Finally, the Transwell from 
each group was stained with 0.1% crystal violet for 30 min 
and then decolorized with 33% acetic acid. The absorbance 
of eluents was observed at OD 570 nm using a microplate 
reader (Biotech, USA). The Transwell in the control group 
was treated without Matrigel.

Cell Apoptosis Assay

Apoptosis of HeLa cells that were transfected with 
siNBPF1 or pcDNA3.1-NBPF1 vectors was detected 
using an Annexin V-FITC cell apoptosis kit (Invitrogen) 
based on the manufacturer’s protocol (14). Briefly, HeLa 
cells were cultured for 36 h, followed with the replace-
ment of cell medium with serum-free RPMI-1640. Cells 
were then harvested and washed with PBS buffer (pH 
7.4) three times and then were resuspended in the staining 
buffer. Consequently, 5 μl of Annexin V-FITC and 5 μl of 
propidium iodide (PI) were mixed with the cells. After 
10 min of cultivation at room temperature, cells were 
detected with the FACScan flow cytometry (BD, USA). 
Annexin V-positive and propidium iodide-negative cells 
were considered to be apoptotic cells.

RT-PCR

mRNA expressions of NBPF1 or the other proteins in 
HeLa cells were measured using RT-PCR analysis as pre-
viously described (15). Procedures were as follows. The 
HeLa cells were collected at 48 h and were ground in lysis 
buffer. Total RNA from HeLa cells was isolated using a 
TRIzol extraction reagent (Invitrogen) as previously 
described (16), followed with the addition of RNase-
free DNase I (Promega, Biotech) to remove the mixed 
DNA. Concentration and purity of extracted RNA were 
detected with SMA4000 UV-VIS (Merinton, Shanghai, 
China) at 260 nm. Purified RNA of 0.5 μg/μl was used for 
cDNA synthesis with the PrimerScript 1st Strand cDNA 
Synthesis Kit (Invitrogen). Expressions of mRNA were 
measured using SYBR green-based quantitative RT-PCR 
(Invitrogen, USA). The total reaction system of 20 μl 
volume containing 1 μl cDNA from the above PCR, 10 μl 
SYBR Premix EX Taq, 1 μl each of the primers (10 μM), 
and 7 μl ddH

2
O. PCR reaction was carried out at 50°C for 

2 min, 95°C for 10 min followed by 40 cycles of 95°C for 
15 s, and 60°C for 1 min. Melting curve analysis of ampli-
fication products was performed at the end of each PCR to 
confirm that only one product was amplified and detected. 
Phosphoglyceraldehyde dehydrogenase (GAPDH) was 
chosen as the internal control. Primers used for target 
amplification were as follows: NBPF1 sense primer: 
5¢-GCGAGGCTGCCCGAGCTTCT-3¢ and antisense 
primer: 5¢-GACTTCGCGTAACTTCCCATTCA-3¢; and 
GAPDH sense primer: 5¢-GGGTGGAGCCAAACGGG 
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TC-3¢, and antisense primer: 5¢-GGAGTTGCTGTTGAA 
GTCGCA-3¢.

Western Blotting

HeLa cells incubated at 48 h in each group were lapped 
with radioimmunoprecipitation buffer (RIPA; Sangon 
Biotech) containing phenylmethanesufonyl fluoride (PMSF; 
Sigma-Aldrich), followed by centrifugation at 12,000 rpm 
for 10 min at 4°C. Supernatant was collected for the detec-
tion of protein concentrations using BCA protein assay kit 
(Pierce, Rockford, IL, USA). For Western blot analysis 
(17), 30 μg protein per cell lysate was subjected onto a 12% 
sodium dodecylsulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE) and then transferred onto a polyvinylidence-
fluoride (PVDF) membrane (Millipore). The PVDF mem-
brane was blocked in Tris-buffered saline Tween (TBST) 
containing 5% nonfat milk for 1 h. After that, the mem-
brane was incubated with rabbit anti-human antibodies 
(mTOR, PI3K, P70, 1:100 dilution; Invitrogen) and then 
overnight at 4°C. The membrane was then incubated 
with horseradish peroxidase-labeled goat anti-rat second-
ary antibody (1:1,000 dilution) at room temperature for 1 h. 
Finally, PVDF membrane was washed with 1× TBST buf-
fer for 10 min three times. Detection was conducted using 
the development of X-ray after chromogenic substrate 
with an enhanced chemiluminescence (CEL) method. 
Additionally, GAPDH served as the internal control.

Statistical Analysis

All experiments were conducted three times inde-
pendently in this study. Total data were presented as 
mean ± standard deviation (SD). Differences between the 
two groups were calculated using one-way analysis of 
variance (ANOVA). Statistical analysis was performed 
using graph prism 5.0 software (GraphPad Prism, San 
Diego, CA, USA). A value of p < 0.05 was considered as 
statistically significant.

RESULTS

NBPF1 Expression in Cervical Cancer HeLa Cell Lines

Effects of NBPF1 expression on its self-expression in 
HeLa cells were analyzed using RT-PCR and Western blot 
(Fig. 1). When HeLa cells were transfected with pcDNA-
NBPF1, mRNA level and protein level of NBPF1 were 
both significantly increased compared with the control 
group (p < 0.05) (Fig. 1A). Otherwise, when cells were 
transfected with siRNA-NBPF1 plasma, its expression 
significantly declined compared with the control group 
(p < 0.01) (Fig. 1B).

Effects of NBPF1 Expression on Cell Migration

The Matrigel method was used to assess whether or not 
NBPF1 expression could influence HeLa cell migration 
ability (Fig. 2). The results showed that silenced NBPF1 

could significantly enhance HeLa cell migration ability 
when compared to the control group (p < 0.05) (Fig. 2A), 
while NBPF1 overexpression significantly decreased the 
migrated HeLa cells (p < 0.05) (Fig. 2B), indicating that 
NBPF1 expression may be correlated to HeLa cell migra-
tion ability.

Effects of NBPF1 Expression on Cell Apoptosis

Flow cytometry was used to assess the effects of 
NBPF1 expression on cell apoptosis (Fig. 3). When 
NBPF1 was silenced, apoptotic cells in the siNBPF1 group 
were slightly increased with the percentage of 3.24%, 
but there was no significant difference between the two 
groups (Fig. 3A). On the other hand, when NBPF1 was 
overexpressed, apoptotic cells in the experimental group 
were significantly increased, to 14.2%, compared with 
the control (3.24%, p < 0.05) (Fig. 3B). These results sug-
gested that there may be a correlation between NBPF1 
overexpression and cell apoptosis.

Remediation Experiments

In order to verify the effects of NBPF1 on cell migra-
tion and apoptosis, siNBPF1 and pcDNA-NBPF1 were 
both transfected in HeLa cells (Fig. 4). The results showed 
that when cells were transfected with either siNBPF1 or 
with pcDNA3.1-NBPF1, there was no significance for 
cell migration between the two groups with the addi-
tion of rescue plasma of pcDNA3.1-NBPF1/siNBPF1 
(Fig. 4A), or with cell apoptosis (Fig. 4B–D), indicating 
that coexpression of silenced NBPF1 and overexpression 
had no significant effects on cell migration and apoptosis. 
In addition, silenced NBPF1 was inhibited with the addi-
tion of inhibitor in HeLa cells, along with the decreasing 
migrating cells in the inhibitor group (Fig. 4E). Also, cell 
apoptotic-related proteins such as phosphorylated mam-
malian target of rapamycin (p-mTOR), phosphorylated 
phosphoinositide 3-kinase (p-PI3K), and p-P70 were 
decreased with silenced NBPF1 but were increased when 
silenced NBPF1 was inhibited (Fig. 4F).

Effects of NBPF1 Silencing on Cell 
Apoptotic-Related Proteins

In order to assess the potential mechanism of NBPF1 
expression on HeLa cell migration and apoptosis, the cell 
apoptotic-related proteins were analyzed using Western 
blotting (Fig. 5). As the results show, silenced NBPF1 
increased the expression of p-mTOR, p-PI3K, and p-P70 
in cells compared to the control group (Fig. 5A). By con-
trast, when cells were transfected with pcDNA3.1-NBPF1, 
overexpression of NBPF1 decreased the expressions of 
p-mTOR, p-PI3K, and p-P70 (Fig. 5B). These results sug-
gested that NBPF1 expression may be correlated to HeLa 
cell apoptosis through affecting the cell apoptotic-related 
protein expression in PI3K/mTOR pathway.
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DISCUSSION

Numerous studies have reported the pivotal role of 
NBPF1 in many diseases, but there is no research focused 
on the association between NBPF1 expression and cer-
vical cancer. In this study, we assessed the effect of 
NBPF1 expression on cervical cancer cell invasion and 
apoptosis using the gene silencing method. The present 

study determined that silenced NBPF1 downregulated 
mRNA expression of NBPF1 in HeLa cells, promoted 
cell invasion, and contributed to cell apoptosis-related 
protein expression including PI3K, mTOR, and P70. 
Furthermore, NBPF1 overexpression significantly sup-
pressed cell invasion, promoted cell apoptosis, and inhib-
ited the cell apoptosis signal pathway-related protein 

Figure 1. Expression of NBPF1 in HeLa cells transfected with different plasmas. (A) mRNA and protein expressions of NBPF1 were 
increased when cells were transfected with pcDNA-NBPF1. (B) mRNA and protein expressions of NBPF1 were decreased when cells 
were transfected with siRNA-NBPF1. *p < 0.05, compared with the control; **p < 0.01, compared with the control group.

Figure 2. Effects of NBPF1 expression on cell migration ability. (A) Downregulation of NBPF1 increased cell migration. (B) NBPF1 
overexpression suppressed cell migration ability. *p < 0.05, compared with the control.
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expressions, indicating the important role of NBPF1 in 
cervical cancer metastasis.

Our data showed that mRNA expression of NBPF1 
in cervical cancer was suppressed by transfection with 
siNBPF1 vector, which was contrary to the results in 
cells transfected with pcDNA3.1-NBPF1. Vandepoele 
and his colleagues proved that expression of NBPF1 
was decreased in neuroblastoma cell lines (12,18). Com-
parable to previous evidence, our results suggested that 
NBPF1 expression may be correlated with cervical can-
cer in certain aspects. NBPF1 overexpression signifi-
cantly suppressed cell invasion but contributed to HeLa 
cell apoptosis. As we know, strong cell invasion ability 
and slight cell apoptosis ability would play crucial roles 
in cancer cell development and metastasis (19,20). Li and 
colleagues found that NBPF1 (as the subunit for eukary-
otic translation initiation factor 3, EIF2AK3) played a 

certain role in colon cancer cell proliferation and invasion 
through RhoA/ROCK signaling pathway (21). Similarly, 
NBPF1 can be targeted by Chibby and can then suppress 
oncogenic processes, including migration and prolifera-
tion in cervical cancer (22). On the other hand, Schütz 
et al. demonstrated that chromosome instability of cell-
free DNA including NBPF1 abnormal expression was 
found to be correlated with cell apoptosis in prostate 
cancer (23). Therefore, we speculated that high expres-
sion of NBPF1 may be a suppressor for cervical HeLa via 
inducing tumor cell apoptosis. Additionally, remediation 
experiments performed showed that there was no signifi-
cant difference between NBPF1 expression on HeLa cell 
invasion and apoptosis when cells were transfected with 
both siNBPF1 and pcDNA3.1-NBPF1, indicating that 
NBPF1 expression was correlated with HeLa cell inva-
sion and apoptosis.

Figure 3. Influence of NBPF1 expressions on cell apoptosis. (A) Silenced NBPF1 had no significant influence on cell apoptosis. 
(B) NBPF1 overexpression promoted cell apoptosis. **p < 0.01, compared with the control group.
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We detected the cell apoptosis-related signal path-
way protein expression to investigate whether or not 
NBPF1 expression could affect cell invasion and apop-
tosis through the PI3K/mTOR signal pathway. p-PI3K 
catalyzes the production of phosphatidylinositol-3,4,5-
triphosphate in cell survival pathways (24), while mTOR 
(belonging to the PIKK family of proteins) could function 
in numerous biological processes including proliferation, 
cell growth, and cell cycle during cancer development 
and progression (25). Previous studies have indicated that 
activation of p-PI3K and mTOR was closely associated 
with cancer progression in diseases such as breast can-
cer and ovarian cancer (26,27). Activation of the mTOR 
signaling pathway promotes cervical cancer cell survival 
(28), and p-mTOR expression has been considered to be 
an independent prognostic factor for cervical cancer (29). 
Thus, activation of p-PI3K and p-mTOR was positively 
correlated with cancer progression. Moreover, it has been 
indicated that NBPF1 may be a cancer suppressor for 
breast cancer via targeting PI3K/mTOR pathway (30). 
The correlation of NBPF1 expression in cervical cancer 
cell apoptosis has not been fully discussed. But in this 
study, NBPF1 overexpression significantly decreased the 
expression of p-PI3K and p-mTOR, indicating that over-
expression of NBPF1 may contribute to cell apoptosis via 
suppressing the PI3K/mTOR signal pathway.

In conclusion, the data presented in this study suggest 
that NBPF1 overexpression plays an important cancer- 
inhibiting role in cervical cancer progression with involve-
ment in cell invasion and apoptosis through the PI3K/
mTOR signal pathway. Overexpression of NBPF1 sup-
presses cell invasion and induces cell apoptosis, as well 
as suppressing the PI3K/mTOR signal pathway protein 
expression. This study may provide a basis for the poten-
tial therapeutic possibility of NBPF1 in cervical cancer 

treatment. However, further research is still needed to 
investigate the potential mechanism.
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