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Abstract: Cervical cancer is the second most common cancer among women worldwide and is the leading cause 
of deaths in developing countries. Persistent infections with a subset of HPVs, called “high-risk HPVs”, including 
HPV16 and HPV18, are the primary cause of cervical cancer. The apolipoprotein B mRNA editing enzyme, catalytic 
polypeptide-like (APOBEC) family of proteins is a group of cellular enzymes that catalyze the deamination of cytidine 
(C) to uracil (U) in single-stranded DNA/RNA, and functions as antiviral factors in the innate immune system of the 
host. Recent studies have shown that APOBEC3A could restrict certain DNA viruses, including HPVs. In this study, 
we confirmed that the expression of APOBEC3A was decreased in cervical cancer tissues. Furthermore, APOBEC3A 
inhibited the cervical cells proliferation, migration as well as invasion, and promoted apoptosis depend on cytidine 
deaminase. In addition, APOBEC3A decreased HPV16-E6, HPV16-E7 and HPV18-E6 depend on cytidine deaminase, 
but no effect on HPV18-E7. Therefore, we believe that, in cervical cancer cells, the expression of APOBEC3A pos-
sesses anticancer and antiviral effects by differential inhibition of HPV E6 and E7 expression depend on cytidine 
deaminase.

Keywords: APOBEC3A, cervical cancer, HPV E6, HPV E7

Introduction

The apolipoprotein B mRNA editing enzyme, 
catalytic polypeptide-like (APOBEC) family of 
proteins is a group of cellular enzymes that cat-
alyze the deamination of cytidine (C) to uracil 
(U) in single-stranded DNA/RNA [1, 2], and 
functions as antiviral factors in the innate 
immune system of the host [3]. In humans, the 
APOBEC family contains at least 11 members 
[4, 5], including activation-induced cytidine de- 
aminase and APOBEC1, -2, -3A, -3B, -3C, -3DE, 
-3F, -3G, -3H, and -4 (3). The APOBEC proteins 
target not only viral DNA/RNA but also the host 
genomic DNA, generating enriched clusters of 
C-to-T conversions in the genome [6-8]. Of th- 
ese APOBEC3A (A3A) family members, hA3A, 
hA3B, and hA3H genes are expressed in skin 
keratinocytes, the primary host cell for HPV 
infection [9]. Recent studies have shown that 
APOBEC3A could restrict certain DNA viruses, 
including adeno-associated viruses and other 
parvoviruses [10-12]. In addition, other groups 

found evidence for editing of HPV DNA in pre-
cancerous lesions and cell lines [13]. The latter 
study (13) proved that APOBEC3A functions as 
a restriction factor of human papilloma viruses 
(HPVs). HPVs are small, nonenveloped DNA 
viruses known as one of the most prevalent 
sexually transmitted pathogens. Persistent infe- 
ctions with a subset of HPVs, called “high-risk 
HPVs”, including HPV16 and HPV18, are the pri-
mary cause of cervical cancer and some head-
and-neck cancers [14-16]. HPV-induced carci-
nogenesis requires two viral oncoproteins, E6 
and E7, which bind to and degrade p53 and Rb, 
respectively, thereby inhibiting these tumor su- 
ppressors and contributing significantly to the 
development of malignant cancer phenotypes 
[14, 17]. However, there is currently no evidence 
that APOBEC3A proteins could directly interfere 
with the cervical cells proliferation, migration or 
invasion.

APOBEC3A cytidine deaminase has a canonical 
deaminase domain (H-x-E-x24-28-P-C-x-x-C) in 
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which the glutamate has a role in proton trans-
fer and the histidine and two cysteines coordi-
nate a zinc cofactor [11, 12]. To investigate the 
mechanism by which APOBEC3A regulates HPV 
infection, we tested the role of cytidine deami-
nase activity using the additional point muta-
tions at conserved residues (H70 and F75) [11, 
12, 18] which we denied mut-APOBEC3A. 

In the present study, we discovered the expres-
sion of APOBEC3A between the normal cervical 
lesions and HPV-positive cervical lesions from 
early disease stages to cancer. Then we further 
explored the anticancer effects of APOBEC3A 
on cervical cancer cells. To ascertain whether 
cytidine deaminase activity is required for inhi-
bition of cervical cancer development, we also 
analyze the properties of mut-APOBEC3A.

Materials and methods

Patient samples

48 paraffin-embedded specimens of cervical 
specimens were collected from 2008 to 2012 
at the department of Pathology, The Six 
Affiliated Hospital Of Sun Yat-Sen University. 
Clinical stages were determined by two certi-
fied gynecologists according to a modified 
International Federation of Gynecology Obs- 
tetrics (FIGO) staging system for cervical can-
cer, which was published in 2009 [19]. The 
study was approved by the Institutional Rese- 
arch Ethics Committee of The Third Affiliated 
Hospital Of Sun Yat-Sen University. Consent 
was obtained from the patients and the clinical 
research materials were collected from the 
patients prior to clinical treatment. The sam-
ples included 22 cases of normal cervical tis-
sues and 26 cases of cervical cancer. The nor-
mal cervical tissues were obtained from pati- 
ents who underwent a hysterectomy for rea-
sons other than neoplasia of the cervix without 
a history of CIN or abnormal liquid-based cyto-
logical test (LCT) smears. The cervical neo-

Immunohistochemistry

Formalin-fixed, paraffin-embedded sections of 
tissue sections were deparaffinized and rehy-
drated, and antigen activity was retrieved by 
microwaving the samples in 10 mM citrate buf-
fer (pH 6.0) at 95°C for 15 min. After quenching 
endogenous peroxidase activity with H2O2 and 
blocking with normal goat serum, the sections 
were incubated with monoclonal antibodies 
against APOBEC3A (1:100; Abcam) according 
to the standard protocols at 4°C overnight, 
respectively. Subsequently, the samples were 
incubated with a biotinylated secondary anti-
body and visualized with 3- 3’-diaminobenzidi- 
ne and counterstained with hematoxylin. Ev- 
aluations of the stained tissue sections were 
performed by two independent pathologists 
who were unaware of the clinical parameters  
of the patients at the time of evaluation. Im- 
munoreactivity was semiquantitatively evaluat-
ed based on staining intensity and distribution 
using the immunoreactive score: immunoreac-
tive score = intensity score × proportion score. 
The intensity score was defined as 0, negative; 
1, weak; 2, moderate; or 3, strong. The propor-
tion score was defined as 0, 0-25%; 1, 26-50%; 
2, 51-75%, or 3, 76-100% positive cells. The 
total score ranged from 0 to 6. The immunore-
activity was divided to three levels on the basis 
of the final score: negative immunoreactivity 
was defined as a total score of 0-1, low immu-
noreactivity was defined as a total score of 2-3, 
moderate immunoreactivity was defined as a 
total score of 4-5, and high immunoreactivity 
was defined as a total score of 6.

Cell lines and cell culture

A total of 3 cervical cancer cell lines: SiHa (HPV 
16-infected cervical cancer cell lines), HeLa 
(HPV 18-infected cervical cancer cell lines) and 
C33A (HPV-uninfected cervical cancer cell line) 
were used in this study. Cells were cultured in 
DMEM-H medium (from Hyclone) containing 

Table 1. Primers used in this study
Gene name Forward primer (5’-3’) Reverse primer (5’-3’)
18srRNA CCTGGATACCGCAGCTAGGA GCGGCGCAATACGAATGCCCC
APOBEC3A GGCATTGGAAGGCATAAGAC CAACTGCAAAGAAGGAACCA
HPV16 E6 TATGCTGTATGTGATAAATG TTTGTTGTATTGCTGTTC
HPV16 E7 CAGAGGAGGAGGATGAAATAGA AGCGTAGAGTCACACTTGCA
HPV18 E6 CCGTTGAATCCAGCAGAAAA TTGTGTTTCTCTGCGTCGTT
HPV18 E7 AGCGACTCAGAGGAAGAAAA CATTGTGTGACGTTGTGGTT

plasm specimens were obtained 
from patients who underwent an 
operation or cervical biopsy. Pa- 
tients with acute pelvic infection 
or who had received a cytology 
examination within six months, 
cervical therapy or preoperative 
treatment (such as radiothera- 
py and chemotherapy) were ex- 
cluded.
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10% fetal bovine serum at 37°C in a humidified 
atmosphere containing 5% CO2.

APOBEC3A vector 

Full-length APOBEC3A coding sequences were 
PCR amplified and cloned into a pcDNA 3.1 
expression vector (Invitrogen, Carlsbad, Cali- 
fonia, US), following the manufacturer’s sug-
gested protocol. Then mut-A3A using the addi-
tional point mutations at conserved residues 
(H70 and F75) which lost deaminase activity 
were generated by site-directed mutagenesis 
was constructed using the primer: Forward: TC- 
TGTGGCTTTTACGGCCGCCGTGCGGAGCTGCGC- 
TTGTTGGACCTGGTTCCTTCTTT; Reverse: AAAG- 
AAGGAACCAGGTCCAACAAGCGCAGCTCCGCAC- 
GGCGGCCGTAAAAGCCACAGA.

DNA sequence was used to verify the con-
structs. The transfection efficiency of the AP- 
OBEC3A overexpression vector was verified via 
RT-PCR. Lipofectamine 2000 Transfection Rea- 
gent (Invitrogen, Carlsbad, California, US) was 
used for transfection according to standard 
protocol.

RNA extraction, reverse transcription and 
quantitative real-time PCR

Total RNA was extracted using TRIzol (Takara, 
Japan) according to the manufacturer’s instruc-
tions. 1 μg total RNA was reverse transcribed 
using RT-PCR Kit (Takara, Japan). Quantitative 
PCR was carried out by the SYBR Green meth-
od (Takara, Japan) using a CFX96 Real-Time 
PCR Detection System (Bio-Rad, Hercules, Ca- 
lifornia, US). The primers were purchased from 
TaKaRa (Japan), and 18srRNA was used as an 
endogenous control. The sequences are shown 
in Table 1. The fold changes were calculated 
through relative quantification with 2-ΔΔCt. All of 
the reactions were performed in a 20 μL reac-
tion volume in triplicate.

MTS assays

For cell proliferation assays, cells transfected 
with vectors for 48 h were reseeded in 96-well 
plates at 10,000 cells/well in a final volume of 
100 μL and incubated for 24 h, 48 h and 72 h. 
The effects of APOBEC3A on cell proliferation 
were determined with an MTS assay according 
to the standard protocol.

Figure 1. Immunohistochemical staining of APOBEC3A in cervical samples. APOBEC3A staining in normal cervical 
tissue (A) and cervical cancer (B). Image magnifications were 100×.

Figure 2. The effect of overexpression of APOBEC3A 
was validated by qRT-PCR in three cervical cancer 
cells.
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Cell cycle analysis

For cell cycle analysis, we used flow cytometric 
analysis. For flow cytometric analysis, cells 
transfected with vectors were plated in 6-well 
plates at 2×105 per well and incubated at 37°C 
for 48 h. The cells were then collected, washed 
with PBS and fixed with cold 70% ethanol at 
4°C overnight. The cell cycle distribution was 
analyzed with propidium iodide (PI, Sigma-
Aldrich) staining and flow cytometry.

Propidium iodide and FITC-conjugated annexin 
V staining

The cell apoptosis rate was detected by Annex- 
in V FITC/Propidium Iodide Assay kit (KeyGEN, 
Nanjing, China), according to the manufactur-
er’s instructions. Briefly, cells were harvested 
by 0.25% Trypsin without EDTA after treatments 
and washed twice with cold PBS, and stained 
with Annexin V-FITC/PI staining kit according to 
manufacturer’s instructions, and then sorted 
by fluorescence activated cell sorting using a 
Beckman Coulter instrument.

In vitro migration and invasion assays

For the Transwell migration assays, 1×105 cells 
were plated in the top chamber of each insert 
(BD Biosciences, Canada). For the invasion 
assays, 1×105 cells were plated in the upper 
chamber of each insert, which had previously 
been coated with 150 mg of Matrigel (BD Bi- 
osciences, Canada). The cells in both assays 
were trypsinized and resuspended in FBS-free 
DMEM-H medium, and 600 μL of medium that 
had been supplemented with 10% FBS was 
added to the lower chambers in the migration 
assay wells and 20% FBS medium in the lower 
chambers in the invasion assay. After 12 hours 
or 24 hours of incubation at 37°C for migration 
or invasion assays, respectively, the cells re- 
maining in the top chambers or on the upper 
membranes of the inserts were removed, and 
the cells that had migrated or invaded the lower 
surface were fixed with 4% paraformaldehyde 
and stained with 0.1% crystal violet. The num-
ber of cells were imaged and counted using an 
IX71 inverted microscope (Olympus, Tokyo, Ja- 
pan).

Western blot analysis

Protein lysates were resolved through 10% 
SDS-PAGE and electrophoretically transferred 
to a PVDF (polyvinylidene difluoride) membrane 
(Millipore). Then, the membrane was probed 
with a mouse monoclonal antibody against hu- 

man APOBEC3A (1:300 dilution, Abcam) or HP- 
V16 E6+HPV18 E6 (1:500, Abcam), HPV16 E7 
(1:400, Abcam), HPV18 E7 (1:1000, Abcam) 
and β-actin (1:1000, Abcam) as a protein load-
ing control. Horseradish peroxidase-conjugated 
secondary antibodies (1:10000, southern bio-
tech) and an Immobilon TM Western chemilumi-
nescent ECL kit (Millipore) were used to detect 
bound antibody. The intensity of the proteins 
was visualized with Fuji (Japan) SUPER RX-N-C 
films.

Result

APOBEC3A expression levels were low in the 
cervical cancer.

The APOBEC3A expression was located in the 
nucleus and cytoplasm (Figure 1). Positive A3A 
immunoreactivity was detected in 46.15% 
(12/26) of cervical cancer and 86.36% (19/22) 
of normal cervical tissues. The A3A positive ex- 
pression rates were significantly lower in the 
cancer group than in the normal tissue group 
(χ2 = 8.423, P<0.01).

APOBEC3A expression inhibits growth and 
promotes apoptosis in cervical cancer cells

To determine the functional role of APOBEC3A 
in proliferation and apoptosis, we up-regulated 
APOBEC3A expression using an exogenous 
APOBEC3A expression vector including wt-A3A 
and mut-A3A in the three cervical cancer cells. 
The validation of A3A overexpression through 
plasmid was showed in Figure 2. Forty-eight 
hours after transfection, we performed a MTS 
assay to detect the OD values in 4 groups. As 
shown in Figure 3A, enhanced expression of 
wt-A3A inhibited cervical cancer cells prolifera-
tion. Also, the cell cycle distribution showed 
that after overexpression of wt-A3A, G1 phase 
cells proportion was increased and S phase 
cells proportion was decreased (Figure 3B), 
indicating that APOBEC3A inhibited cells gro- 
wth. Meanwhile, the cell apoptosis rate was sig-
nificantly increased when up-regulation of wt-
A3A (Figure 3C). However, mut-A3A had no sig-
nificant effect on the cell growth and apop- 
tosis.

APOBEC3A expression attenuates migration 
and invasion in cervical cancer cells 

We also examined whether APOBEC3A inhibit-
ed migration and invasion in cervical cancer 
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Figure 3. Overexpression of APOBEC3A inhibited growth and promoted apoptosis in SiHa, HeLa and C33A cells. A. Overexpression of wt-A3A inhibited proliferation 
in three cervical cells, but mut-A3A had no effect on proliferation. B. Overexpression of wt-A3A increased the G1 phase cells proportion and decreased the S phase 
cells proportion. Overexpression of mut-A3A had no differences. C. Over-expression of wt-A3A promoted the cervical cells apoptosis. *P<0.05, **P<0.01.
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cells. As shown in Figure 4, enhanced expres-
sion of wt-A3A attenuated cell invasion and 
migration in all the three cervical cancer cells, 
whereas mut-A3A had no significant effect on 
migration and invasion.

APOBEC3A overexpression has effect of HPV 
expression depend on cytidine deaminase

SiHa was a HPV 16-infected cervical cancer 
cell line and HeLa was a HPV 18-infected cervi-
cal cancer cell line, whereas C33A was a HPV-
uninfected cervical cancer cell line. So we just 
used SiHa and HeLa for further research. As 
shown in Figure 5, in SiHa cells, wt-A3A reduced 
the mRNA and protein expression of HPV16-E6 
and HPV16-E7. In HeLa cells, wt-A3A inhibited 
the expression of HPV18-E6 at the levels of 
both mRNA and protein. However, it had no 
effect on the expression of HPV18-E7 (Figure 
5). Mut-A3A didn’t attenuate either HPV16-E6/
E8 or HPV18-E6/E8.

Discussion

Cervical cancer is the second most common 
cancer among women worldwide and is the 
leading cause of deaths in developing coun-

tries [20, 21]. Here, we confirmed that APO- 
BEC3A was decreased in cervical cancer tis-
sues compared with the normal tissue. We 
using overexpression of APOBEC3A in the cervi-
cal cancer cells proved that APOBEC3A could 
inhibit cell growth, migration and invasion, and 
promote cell apoptosis. What is more, this 
effect depends on cytidine deaminase. For HPV 
infection, APOBEC3A decreased HPV16-E6, HP- 
V16-E7 and HPV18-E6 depend on cytidine de- 
aminase, but no effect on HPV18-E7. In this 
report we provide multiple pieces of evidence 
of APOBEC3A anticancer and antiviral effects 
by differential inhibition of HPV E6 and E7 ex- 
pression on cervical cancer through a cytidine 
deaminase dependent mechanism.

Constantly expanding knowledge about patho-
genesis has shown that persistent infection 
with high-risk human papillomavirus types is 
necessary for the transformation of normal cer-
vical epithelium to cervical precancer and inva-
sive cancer in the vast majority of cases [22]. In 
2008, Vartanian and colleagues revealed a 
potential role for APOBEC3A in restricting HPV 
infection. To link this observation to the APO- 
BEC3A proteins, those authors showed that 

Figure 4. APOBEC3A expression attenuated migration and invasion in SiHa, HeLa and C33A cells. A. Exogenous 
overexpression of wt-A3A attenuated cervical cell migration whereas mut-A3A had no effect. B. Overexpression of 
wt-A3A suppressed cervical cell invasion. Mut-A3A had no significant differences. *P<0.05, **P<0.01.



APOBEC3A on cervical cancer

10555 Int J Clin Exp Med 2015;8(7):10548-10557

cotransfection of HPV DNA with APOBEC3A, 
APOBEC3C, and APOBEC3H expression plas-
mids resulted in substantial hypermutation 
[13]. Recently, some studies reported that APO- 
BEC3A could decrease the infectivity of HPV, 
which is consistent with this study [23, 24]. 
However, they had no deeper exploration about 
the function of APOBEC3A in cervical cancer 
cells growth. In this study, we demonstrated 
that APOBEC3A inhibited cervical cancer cells 
proliferation, migration and invasion.

APOBEC3A cytidine deaminase has a canonical 
deaminase domain (H-x-E-x24-28-P-C-x-x-C) in 
which the glutamate has a role in proton trans-
fer and the histidine and two cysteines coordi-
nate a zinc cofactor. In this study, we used the 
additional point mutations at conserved resi-
dues (H70 and F75) to investigate function of 
APOBEC3A. We proved that APOBEC3A antican-

cer effect on cervical cancer depend on cyti-
dine deaminase.

In addition to providing evidence for APOBEC3A 
inhibition of cervical cancer, our study also 
offers insights into the HPV infection. The abili-
ty of APOBEC3A to restrict HPV is likely deami-
nase dependent, since catalytically inactive 
APOBEC3A could not restrict HPV. These results 
mirror data from previous studies suggesting a 
deaminase-dependent mechanism for APOB- 
EC3A inhibition of retrotransposons and parvo-
viruses [10-12, 25, 26]. In our study, we showed 
that wt-APOBEC3A could decrease HPV16-E6, 
HPV16-E7 and HPV18-E6, whereas mut-APO-
BEC3A had no effect. This was consisted with 
the previous research. However, no difference 
was observed in HPV18-E7.

In summary, our study demonstrates that AP- 
OBEC3A could inhibit the cervical cancer cell 

Figure 5. APOBEC3A overexpression has effect of HPV expression depend on cytidine deaminase. In SiHa cells, 
wt-A3A reduced the mRNA and protein expression of HPV16-E6 and HPV16-E7, whereas mut-A3A had no effect. In 
HeLa cells, wt-A3A inhibited the expression of HPV18-E6 at the levels of both mRNA and protein, but no effect on 
the expression of HPV18-E7. However, mut-A3A didn’t attenuate either HPV18-E6 or HPV18-E8.
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proliferation, migration and invasion, which 
was deaminase dependent. Moreover, APOBE- 
C3A decreased the expression of HPV-E6, HP- 
V16-E7 and HPV18-E6. Further studies are re- 
quired to clarify the specific mechanism of how 
APOBEC3A proteins mediate HPV infectivity 
defect and prevent cervical cancer develop- 
ment.
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