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Rap2B, belonging to the Ras superfamily, has been implicated in cancer development and functions as a tumor 
promoter. However, the role of Rap2B in cervical cancer is unknown. In this study, we investigated the expres-
sion pattern and biological functions of Rap2B in cervical cancer. The results showed that Rap2B was overex-
pressed in cervical cancer tissues and cell lines. Knockdown of Rap2B inhibited the proliferation, migration, 
and invasion of cervical cancer cells. In addition, our tumorigenesis assay showed that Rap2B knockdown sup-
pressed cervical cancer cell growth and metastasis in vivo. We also found that the ERK1/2 signaling pathway 
is involved in the inhibitory effect of Rap2B knockdown on cervical cancer development. In conclusion, we 
suggest that Rap2B is an oncogene and may be a promising therapeutic target for cervical cancer.
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INTRODUCTION

Cervical cancer, the third most common malignant 
tumor type in the world, is one of the main reasons for 
high mortality in women1,2. This neoplastic disease has 
multiple risk factors such as smoking, immunosuppres-
sion, hormonal contraceptives, and certain infections3,4. 
With the development of therapeutic means, the 5-year 
survival rate has increased to 65% for patients in stage I 
after radical surgery or radiotherapy5. However, for patients 
in stage IV, the survival rate is only 15%, even after radio-
therapy or chemotherapy6. The failure in treatment is mainly 
due to local recurrence or distant metastasis7–9. Therefore, 
further exploration of novel biomarkers for early diagno-
sis and better prognosis is urgently needed. Additionally, 
it is imperative that we improve our understanding of the 
molecular mechanisms underlying the progression of cer-
vical cancer.

The Ras superfamily of proteins comprises five 
members, namely, Rap1A, Rap1B, Rap2A, Rap2B, and 
Rap2C10–12. All of the members are small GTP-binding 
proteins and can be divided into two groups; Rap1 and 
Rap213. These proteins share almost 60% sequence iden-
tity with a small difference in the effector region14. 
In addition, their expression can be observed in all 

multicellular eukaryotes15. Many studies have reported 
the essential role of Rap family members in various bio-
logical functions such as apoptosis, proliferation, and 
migration10,16. More importantly, increasing evidence has 
demonstrated the implication of Rap1 and Rap2 in cancer 
development. For example, Rap2B was found to function 
as an oncogene in lung cancer17. However, less is known 
about its specific role in cervical cancer.

In this study, we explored the biological functions of 
Rap2B in the progression of cervical cancer. Our data 
showed that Rap2B was overexpressed in cervical can-
cer tissues and cell lines. Knockdown of Rap2B inhibited 
cervical cancer cell proliferation, migration, and inva-
sion in vitro and suppressed cervical cancer cell growth 
and metastasis in vivo. Furthermore, we found that the 
ERK1/2 signaling pathway might be responsible for the 
inhibitory effect of Rap2B knockdown on cervical cancer 
development.

MATERIALS AND METHODS

Patients and Tissue Samples

Thirty-two cervical cancer patients from the Women’s 
Hospital, School of Medicine, Zhejiang University (Hang-
zhou, P.R. China) participated in the study and provided 
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informed consent. These patients received no chemo-
therapy or radiotherapy before surgery. After collection, 
cervical cancer tissues and adjacent normal tissues were 
frozen in liquid nitrogen and then stored at −80°C for fur-
ther analysis. The study was approved by the ethics com-
mittee of Zhejiang University.

Cell Lines and Cell Culture

Human cervical cancer cell lines (HeLa and C33A) 
and immortalized human cervical mucosa epithelial cell 
line H8 were purchased from the American Type Culture 
Collection (ATCC; Manassas, VA, USA). All cells were 
cultured at 37°C in Dulbecco’s modified Eagle’s medium 
(DMEM; Gibco, Rockville, MD, USA) supplemented 
with 10% fetal bovine serum (FBS; Gibco) and 1%  
penicillin–streptomycin (Gibco) in a humidified incuba-
tor containing 5% CO2.

Quantitative Real-Time Polymerase Chain 
Reaction (qRT-PCR)

Total RNA was isolated from tissues or cells with 
the RNeasy Kit (Qiagen, Hilden, Germany) and used to 
synthesize cDNA with the PrimeScript RT Reagent Kit 
(TaKaRa, Osaka, Japan). RT-PCR was performed using a 
SYBR GREEN PCR Master Mix (Invitrogen, Carlsbad, 
CA, USA) on a 7900 HT Fast Real-time PCR System 
(Applied Biosystems, Foster City, CA, USA). The reac-
tions were carried out under the following conditions: 
50°C for 2 min, 95°C for 10 min, 40 cycles of 95°C for 
15 s, and 60°C for 1 min. The following primers were  
used: Rap2B, 5¢-GAAGCTTATGCGCGAGTACAAA 
G-3¢ (forward) and 5¢-GGAATTCCTATTGTATGTTAC 
ATG-3¢ (reverse); b-actin, 5¢-GCGCGGCTACAGCTT 
CA-3¢ (forward) and 5¢-CTTAATGTCACGCACGATT 
TCC-3¢ (reverse). The results were normalized to b-actin.  
Data were collected on an IQ5 instrument (Bio-Rad, 
Hercules, CA, USA).

Western Blot Analysis

Tissues or cells were lysed in RIPA buffer and put in 
a vortex instrument for 30 s of shaking every 10 min. 
After centrifugation for 10 min at 4°C and 10,000 rpm, 
the supernatant was collected. Protein concentration was 
measured using a BCA kit (Pierce, Rockford, IL, USA). 
Proteins were subjected to 12% SDS-PAGE and blotted 
on PVDF membranes. After blocking in 5% skim milk 
for 2 h, the membranes were incubated overnight at 
4°C with primary antibodies against Rap2B, p-ERK1/2, 
ERK1/2, and b-actin (Invitrogen). The membranes were 
then washed and incubated with HRP-conjugated second-
ary antibodies (Invitrogen) at room temperature for 1 h. 
Proteins were visualized using enhanced chemilumines-
cence (Bio-Rad) and quantified using the Quantity One 
software (Bio-Rad).

Lentivirus Infection

Rap2B-specific shRNA (sh-Rap2B) and control shRNA 
(sh-NC) in eukaryotic lentiviral vectors/puromycin were 
purchased from GenePharma Company (Shanghai, P.R. 
China). Before infection, cells were seeded into six-well 
plates to reach 80% confluence. Subsequently, the cul-
ture medium was replaced with 2 ml of polybrene (6 µg/
ml; Santa Cruz Biotechnology, Santa Cruz, CA, USA), 
and lentiviral particles were added. After overnight incu-
bation, the culture medium was removed, and complete 
medium was added. Forty-eight hours later, puromycin 
(6 µg/ml; Santa Cruz Biotechnology) was added. The 
culture medium was changed every 3 days. Three weeks 
later, colonies resistant to puromycin were separated and 
cultured in 96-well plates for further experiments.

MTT Assay

Cell proliferation was detected by the MTT assay. In 
brief, cells were seeded onto 96-well culture plates at a den-
sity of 2 ́  103 cells/well. After culturing for different times, 
20 ml of MTT (5 mg/ml; Sigma-Aldrich, St. Louis, MO, 
USA) was added to each well, and cell culturing was contin-
ued for 2 h at 37°C. The culture medium was then removed, 
and 150 ml of DMSO (Sigma-Aldrich) was added. The OD 
value was measured at a wavelength of 570 nm.

Transwell Assay

Cell migration and invasion were assessed using Trans-
well chambers. For the cell migration assay, cells (5 ́  104) 
in RPMI-1640 medium were cultured in the upper cham-
ber for 24 h at 37°C, and RPMI-1640 medium supple-
mented with 10% FBS was added to the lower chamber. 
Nonmigrating cells were removed with cotton swabs, and 
migrating cells were stained with 0.1% crystal violet. The 
number of migrating cells from four random fields was 
calculated under a microscope. The cell invasion assay 
was performed according to the same procedure as men-
tioned above, except that Matrigel-coated polycarbonate 
membranes were used.

In Vivo Xenograft Tumor Assay

Six-week-old female BALB/c nude mice were pur-
chased from Shanghai Laboratory Animal Center (Shang-
hai, P.R. China). All mice were handled in accordance with 
the guidelines of the Animal Care and Use Committee 
of Zhejiang University. Transfected HeLa cells (5 ́  106) 

were subcutaneously injected into the left flank of mice 
(n = 6). Tumor volume was measured every week. After 
5 weeks, mice were sacrificed, and tumors were weighed. 
For tumor metastasis assay, 5 ́  106 transfected HeLa 
cells were intravenously injected into mice (n = 6). After 
5 weeks, mice were sacrificed, and their lungs were 
checked. The number of metastatic nodules in the lungs 
was counted under a microscope.
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Statistical Analysis

Data were shown as means ± standard deviation (SD).  
Student’s t-tests were used for comparison of differ-
ent groups. Statistical analysis was performed by the 
SPSS software. Each experiment was carried out in trip-
licate. A value of p < 0.05 was considered statistically 
significant.

RESULTS

Rap2B Is Overexpressed in Cervical Cancer Tissues 
and Cell Lines

We collected 32 pairs of cervical cancer tissues and 
adjacent normal tissues to examine the expression of 
Rap2B by RT-PCR and Western blot. The analysis dem-
onstrated that Rap2B was obviously elevated in cervi-
cal cancer tissues at both the mRNA and protein levels, 
in comparison with normal tissues (Fig. 1A and B). In 

addition, we investigated the expression of Rap2B in 
cervical cancer cell lines (HeLa and C33A) and cervical 
mucosa epithelial cell H8. The results suggested a higher 
expression level of Rap2B in HeLa and C33A than in H8 
(Fig. 1C and D).

Knockdown of Rap2B Inhibits the Proliferation 
of Cervical Cancer Cells

Before investigation of the biological functions of 
Rap2B in cervical cancer, we reduced the expression of 
Rap2B in cervical cancer cell lines (HeLa and C33A) 
via lentivirus infection. The protein expression levels of 
Rap2B were significantly decreased in HeLa and C33A 
cells after shRNA transfection, in comparison with H8 
cells (Fig. 2A and B).

We detected cell proliferation by MTT assay. A 
decrease in Rap2B markedly inhibited the proliferation 

Figure 1. Rap2B is overexpressed in cervical cancer tissue and cell lines. (A, B) Real-time polymerase chain reaction (RT-PCR) 
and Western blot analysis of Rap2B expression in cervical cancer tissues compared with normal tissues. (n = 32). (C, D) RT-PCR and 
Western blot analysis of Rap2B expression in cervical cancer cell lines (HeLa and C33A) and cervical mucosa epithelial cell H8. 
*p < 0.05.
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of HeLa and C33A cells in comparison with the control 
cells (Fig. 2C and D).

Knockdown of Rap2B Inhibits the Migration 
and Invasion of Cervical Cancer Cells

We also tested the effect of Rap2B knockdown  
on cervical cancer cell migration and invasion. The 
Transwell assay indicated that Rap2B downregulation 
greatly reduced the number of migrating and invad-
ing HeLa cells, in comparison with the control group 
(Fig. 3A and B). Similar results were obtained for C33A 
cells (Fig. 3C and D).

Knockdown of Rap2B Inhibits Cervical Cancer Cell 
Growth and Metastasis In Vivo

We explored the in vivo tumorigenic effect of Rap2B 
knockdown via the xenograft tumor assay. For the tumor 
growth assay, mice were subcutaneously injected with  
sh-Rap2B- or sh-NC-transfected HeLa cells (n = 6). Tumor  

volume and mass were significantly decreased by Rap2B 
knockdown in HeLa cells compared with the control 
cells (Fig. 4A and B). For the tumor metastasis assay, 
mice were intravenously injected with sh-Rap2B- or sh- 
NC-transfected HeLa cells (n =6). The anatomical results 
showed a remarkable reduction in the number of meta-
static nodules in the lungs after Rap2B knockdown in 
HeLa cells compared with the control group (Fig. 4C).

Knockdown of Rap2B Inhibits Cell Migration and 
Invasion via the ERK1/2 Signaling Pathway

The ERK1/2 signaling pathway is frequently deregu-
lated in a diverse variety of cancers, including cervical 
cancer18,19. Rap2B has also been reported to be closely 
related to the ERK1/2 signaling pathway when it func-
tions as a tumor promoter20. Therefore, we hypothesized 
that Rap2B knockdown inhibited cervical cancer cell 
migration and invasion via regulating the ERK1/2 sig-
naling pathway. Downregulation of Rap2B drastically 

Figure 2. Knockdown of Rap2B inhibits the proliferation of cervical cancer cells. (A, B) Rap2B knockdown in HeLa and C33A cells 
was confirmed by Western blot analysis. (C, D) Knockdown of Rap2B significantly decreased the proliferation of HeLa and C33A 
cells as determined by the MTT assay, in comparison with the control group. *p < 0.05.
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decreased the protein expression levels of p-ERK1/2 in 
HeLa cells, without affecting the total ERK1/2 expression 
(Fig. 5A). To further prove our assumption, we used the 
ERK inhibitor U0126 (10 µM) to investigate the involve-
ment of ERK1/2 in the sh-Rap2B-inhibited migration and 
invasion of cervical cancer cells. As expected, U0126 
enhanced the sh-Rap2B-suppressed effect on cervical 
cancer cell migration and invasion (Fig. 5B and C).

DISCUSSION

It is estimated that 275,000 women die from cervical 
cancer every year, and this number increases year by year. 
As a widely considered threat to women, cervical cancer 
remains a global public health problem to solve.

Rap2B, first identified from the cDNA library of 
human platelets, belongs to the Ras family of small GTP-
binding proteins21–23. It is acknowledged that Rap2B is 
mainly localized at recycling endosomes and cell mem-
branes24,25. In addition, Rap2B has been reported in many 
studies to have a close relationship with the develop-
ment of various cancers and thus has received broad 

attention. For example, Di et al. demonstrated upregula-
tion of Rap2B in breast cancer and its promoting effect 
on cell proliferation, migration, and invasion20. In renal 
carcinoma, Rap2B was found to accelerate cell migra-
tion and invasion after its overexpression26. Similar to the 
previous observations, a study by Xie et al. showed that 
Rap2B significantly enhanced lung cancer cell prolifera-
tion and invasion27. All these findings suggest that Rap2B 
might serve as an oncogene, and this notion has been 
proven by many researchers in many types of cancers, 
such as prostate and bladder cancers28,29. In this study, we 
explored whether Rap2B played a similar role in cervical 
cancer. We first examined the expression of Rap2B. In  
line with previous studies, our results showed that Rap2B 
was overexpressed in cervical cancer tissues and cell 
lines. We then performed related functional experiments 
and found that knockdown of Rap2B inhibited cervical 
cancer cell proliferation, migration, and invasion in vitro. 
We also carried out xenograft tumor assays to further 
verify our in vitro results. Consistently, the in vivo results 
showed that Rap2B knockdown inhibited cervical cancer 

Figure 3. Knockdown of Rap2B inhibits the migration and invasion of cervical cancer cells. (A, B) The migratory and invasive 
abilities of HeLa cells were significantly decreased after Rap2B knockdown, in comparison with the control group. (C, D) The migra-
tory and invasive abilities of C33A cells were obviously reduced after Rap2B knockdown, in comparison with the control group. 
*p < 0.05.
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cell growth and metastasis in mice. Thus, we proved that 
Rap2B functions as a tumor promoter in the development 
of cervical cancer.

To our knowledge, the underlying mechanism of 
Rap2B in cervical cancer migration and invasion has 
not been well elucidated. Here we made some related 

Figure 4. Knockdown of Rap2B inhibits cervical cancer cell 
growth and metastasis in vivo. (A) Tumor growth curves in 
mice. (B) Tumor weight measured 5 weeks after subcutaneous 
injection of HeLa cells. (C) Quantification of metastatic nod-
ules in lungs 5 weeks after intravenous injection of HeLa cells 
(n = 6). *p < 0.05.

Figure 5. Knockdown of Rap2B inhibits cell migration and 
invasion via the ERK1/2 signaling pathway. (A) Western blot 
analysis of the protein levels of p-ERK1/2 and ERK1/2 in 
HeLa cells. (B, C) HeLa cells were incubated in the presence or 
absence of U0126 (10 µM). Thirty minutes later, cell migration 
and invasion were measured by Transwell assays. *p < 0.05.
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investigations. We examined the ERK1/2 signaling path-
way. ERK1/2 acts as a multiple molecule target, and 
increasing evidence has demonstrated its involvement 
in a diverse variety of cellular functions such as prolif-
eration, apoptosis, and invasion30. Furthermore, deregu-
lation of the ERK1/2 pathway is frequently observed in 
many cancers18,19. There have been findings in support of 
the tumor-promoting role of ERK1/2 as well as studies 
revealing the suppressive effect of ERK1/2 on tumori-
genesis31. More importantly, Rap2B has been reported to 
play a regulatory role in the ERK pathway20. In the pres-
ent study, we found that a decrease in the expression of 
Rap2B drastically reduced the protein expression levels 
of p-ERK1/2 while the total levels of ERK1/2 remained 
unchanged. Our data also showed that the ERK inhibi-
tor U0126 potentiated the sh-Rap2B-suppressed effect on 
cervical cancer cell migration and invasion. These results 
suggest that knockdown of Rap2B inhibited cervical can-
cer cell migration and invasion, at least in part, via the 
ERK1/2 signaling pathway.

In summary, our study provides the first in vitro and 
in vivo evidence that Rap2B knockdown could inhibit 
the proliferation, migration, and invasion of cervical can-
cer cells. We also showed that Rap2B downregulation 
blocked the ERK1/2 signaling pathway by reducing the 
protein levels of p-ERK1/2, which probably accounted 
for its inhibitory effect on the biological behaviors of cer-
vical cancer cells. Based on these results, we concluded 
that Rap2B might be a promising therapeutic target for 
cervical cancer.
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