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Abstract. The ATPase family AAA domain-containing 
protein 2 (ATAD2) is associated with many cellular processes, 
such as cell proliferation, invasion and migration. However, 
the molecular biological function of the ATAD2 gene in 
cervical cancer is unclear. The purpose of this study was to 
explore ATAD2 expression in cervical cancer, evaluate the 
relationship between the development of cervical cancer, 
metastasis and clinicopathological characteristics, and discuss 
the implications for its use in clinical treatment. Protein and 
mRNA expression of ATAD2 was examined in tissues and cell 
lines. Tumor tissues from 135 cases of cervical cancer were 
collected for evaluation of ATAD2 expression by immuno-
histochemistry and western blotting. Prognostic significance 
was evaluated by the Cox hazards model and Kaplan-Meier 
survival method. HeLa and SiHa cells were transfected with 
two siRNAs targeting ATAD2. ATAD2 knockdown was used 
to analyze cell proliferation, invasion and migration. Cell 
viability was evaluated with the Cell Counting Κit-8 (CCK-8) 
assay, cell invasion by a Transwell assay and cell migration 
by a wound healing/scratch migration assay. ATAD2 was 
shown to be highly expressed in cervical cancer tissues, both 
at the transcriptional and protein levels, and was correlated 
with poor patient survival (P<0.05). Knockdown of ATAD2 
in the HeLa and SiHa cells was found to reduce the capacity 
for invasion and migration (P<0.05), and inhibited the growth 
and clonogenic potential of the HeLa and SiHa cell lines. Our 
results suggest that cervical cancer tissues may have highly 
expressed ATAD2, which is associated with tumor stage and 
lymph node status (P<0.05). Oncogene ATAD2 may play an 
important role in cervical cancer proliferation, invasion and 
migration. It could serve as a prognostic marker and a thera-
peutic target for cervical cancer.

Introduction

Cervical cancer is the second most common malignant tumor 
in females worldwide. It has been estimated to affect 500,000 
women/year and lead to 270,000 deaths (1). In recent years, 
there has been considerable progress in the diagnosis and 
comprehensive treatment of cervical cancer. Nevertheless, 
there have been no fundamental changes in cervical cancer 
incidence and mortality. Cervical cancer occurrence and 
development is a gradual process. Cervical intraepithelial 
neoplasia (CIN) is one of the common precancerous lesions 
of cervical cancer. High-risk human papilloma virus (HPV) 
infection is closely related to cervical precancerous lesions 
and cervical cancer. However, a single HPV infection will 
not necessarily develop into cervical cancer  (2). Cervical 
cancer is also related to the genetic and immune system of 
the host and other factors. It is believed that the occurrence 
and development of cervical cancer is a complex multi-factor 
and multi-step process, often involving proto-oncogenes 
and activation or inhibition of tumor-suppressor genes (3). 
Therefore, there is a great demand to identify reliable prog-
nostic biomarkers, to predict the tendency of cervical cancer 
metastasis, to detect recurrent lesions early, and to standardize 
treatment, all of which may improve the overall survival rate 
and reduce mortality.

ATPase family AAA domain-containing protein  2 
(ATAD2), a member of the AAA+ ATPase family, also known 
as ANCCA (AAA+ nuclear coregulator cancer-associated), 
was identified by microarray analysis (4). ATAD2 is a remark-
ably conserved protein that is expressed predominantly in 
germ cells, but is systematically overexpressed in many 
different types of unrelated cancers  (5). ATAD2 contains 
both an ATPase domain and bromodomain. The presence of a 
bromodomain adjacent to an AAA type ATPase domain indi-
cates that ATAD2 is a factor acting primarily on chromatin 
structure and function (6). The structure of ATAD2 suggests 
that it has functions associated with genome regulation, 
including cell proliferation, differentiation and apoptosis (7). 
ATAD2 can regulate downstream genes such as cyclin D1, 
c-Μyc and E2F1, which contribute directly or indirectly to cell 
proliferation (8). Studies have revealed that ATAD2 is highly 
expressed in several types of tumors, such as breast, ovarian, 
endometrial and lung cancer, hepatocellular carcinoma and 
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large B-cell lymphoma (9-14). However, there have been no 
studies concerning the gene function and prognosis related to 
ATAD2 in cervical cancer.

In the present study, we compared ATAD2 levels in 
cervical cancer specimens and matched normal/tumor-
adjacent cervical tissues, in order to investigate the impact of 
ATAD2 on cell proliferation, invasion and migration. Different 
methods were used to determine the relationships between the 
ATAD2 level and clinicopathological characteristics and to 
elucidate its prognostic value in cervical cancer patients based 
on survival data.

Materials and methods

Patient tissue samples. One hundred and thirty-five cervical 
cancer (CC) and sixty CIN tissues were collected from 
patients who underwent routine cervical resection at the First 
Affiliated Hospital of China Medical University. None of the 
patients had received preoperative radiotherapy or chemo-
therapy prior to surgical resection. Clinical stage and grade 
were evaluated independently by two pathologists according 
to the WHO classification system. Clinical characteristics 
of all patients, including the histological type, FIGO stage, 
histological differentiation grade and lymph node statues are 
described in Table I. Total RNAs and protein were collected 
from the fresh CC and CIN tissues after surgical resection. 
The project protocol was approved by the Institutional Ethics 
Committee of China Medical University prior to the initia-
tion of the study, and all patients provided written informed 
consent.

Immunohistochemistry. ATAD2 expression was analyzed 
on 4-µm paraffin-embedded specimens. Rabbit anti-ATAD2 
(1:200, Sigma-Aldrich, St. Louis, MO, USA) was used. 
Sections were stained with 3,3'-diaminobenzidine  (DAB). 
ATAD2 expression levels were scored semi-quantitatively 
according to the percent of positively stained cells combined 
with the staining intensity. Samples were considered posi-
tive for ATAD2 if the nucleus/cytoplasm of the sample 
cells presented positive staining. The percent positivity was 
defined as follows: 0 (0%), 1 (1-10%), 2 (11-50%), 3 (51-80%), 
or 4 (>80%). The staining intensity was scored as follows: 
0 (no staining), 1 (weakly stained), 2 (moderately stained) and 
3 (strongly stained). Both the staining intensity and the percent 
positivity were assessed by two investigators in a double-
blinded manner. The ATAD2 expression score was calculated 
from the product of the percent positivity score x the staining 
intensity score. Each sample was given a final score ranging 
from 0 to 12, and the tumors were classified as follows: nega-
tive  (-), score 0; low expression  (1+), score 1-4; moderate 
expression  (2+), score  5-8; and strong expression  (3+), 
score 9-12. The immunohistochemical ATAD2 staining was 
grouped into two categories: low expression (0 to 1+) and high 
expression (2+ to 3+).

Western blot analysis. Cells or tissues were harvested, washed 
in PBS and placed in an appropriate volume of lysis buffer 
(Beyotime Biotechnology, Beijing, China). Total protein 
lysates (50 µg) were boiled in SDS-PAGE sample buffer for 
10 min, then loaded onto 12% SDS-PAGE gels and transferred 

to PVDF membranes (Millipore, Billerica, MA, USA) after 
electrophoresis. After blocking, the primary ATAD2 and 
GAPDH mouse polyclonal antibodies (both diluted at 1:1,000; 
Sigma-Aldrich) were incubated with the membranes at 4˚C 
overnight. The secondary antibodies were incubated for 2 h 
at room temperature. Protein bands were visualized using an 
ECL system (Millipore, Bedford, MA, USA) .

Cell culture and RNA interference. The CC cell lines, 
HeLa and SiHa were obtained from the Chinese Academy 
of Sciences Cell Bank (Shanghai, China) and cultured in 
Dulbecco's modified Eagle's medium  (DMEM)/RPMI-
1640 (Invitrogen, Carlsbad, CA, USA). All media were 
supplemented with 10% fetal calf serum. ATAD2 siRNAs 
(purchased from GenePharma Co., Ltd., Shanghai, China) 
were: GGAUCUCUCUUCAAUUAAUT (si-ATAD2#1) and 
GUGCGUCGAAGUUGUAGGATT (si-ATAD2#2). For 
transfections, 24 h after the cells were seeded in a 24-well 
plate, they were transfected with the ATAD2 siRNAs or the 
negative control siRNA (Neg. siRNA) using Dharma FECT 1 
(Thermo Fisher Scientific, Waltham, MA, USA) according to 
the manufacturer's instructions. The mRNA and protein levels 
were detected 48 h later.

Real-time quantitative PCR (qPCR). Total RNA was extracted 
from the HeLa and SiHa cells which were transfected with 
ATAD2 siRNAs or Neg. siRNA with TRIzol reagent (Takara 
Biotechnology, Dalian, China). Real-time quantitative 

Table I. Correlation of ATAD2 expression and the clinico-
pathological characteristics of the 135 cervical cancer patients.

	 ATAD2 expression
	 --------------------------------------------------
Characteristics	 High, n (%)	 Low, n (%)	 P-value

Total cases	 96 (71.1)	 39 (28.9)
Age (years)			   0.493
  ≥45	 53 (73.6)	 19 (26.4)
  <45	 43 (68.3)	 20 (31.7)
Histological type			   0.578
  Squamous	 72 (69.9)	 31 (30.1)
  Adenocarcinoma	 24 (80.0)	 8 (20.0)
FIGO stage			   0.024a

  I-IIa	 41 (62.1)	 25 (37.9)
  IIb-IV	 55 (79.7)	 14 (20.3)
Differentiation			   0.165
  Well	 31 (62.0)	 19 (38.0)
  Moderate	 27 (73.0)	 10 (27.0)
  Poor	 38 (79.2)	 10 (20.8)
Lymph node status			   0.036a

  Positive	 46 (80.7)	 11 (19.3)
  Negative	 50 (64.1)	 28 (35.9)

aStatistically significant (P<0.05). ATAD2, ATPase family AAA 
domain-containing protein 2.
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PCR (qPCR) was performed using a SYBR Premix ExTaq on 
a Thermal Cycler Dice Real-Time system (both from Takara 
Biotechnology) with the following parameters: 30 sec at 95˚C 
followed by a two-step PCR for 40 cycles of 95˚C for 5 sec and 
64˚C for 30 sec. Each reaction was performed as previously 
described. The primer sequences were: ATAD2 forward, 
5'-GGAATCCCAAACCACTGGACA-3' and reverse, 5'-GGT 
AGCGTCGTCGTAAAGCACA-3'; GAPDH forward, 
5'-ATAGCACAGCCTGGATAGCAACGTAC-3' and reverse, 
5'-CACCTTCTACAATGAGCTGCGTGTG-3'. The experi-
ments were repeated in triplicate. The relative levels of gene 
expression were represented as ∆Ct = Ct gene - Ct reference, 
and the fold change of gene expression was analyzed by the 
2-∆∆Ct method.

Cell Counting Kit-8 (CCK-8) and colony formation assay. 
For the CCK-8 assay, cells were plated in 96-well plates in 
media containing 10% FBS at ~2,000 cells/well, 24 h after 
transfection. Then, 10 µl of CCK-8 (KeyGen Bio., Nanjing, 
China) solution was added to each well and incubated for 1 h at 
37˚C. The results were quantitated using a test wavelength of 
450 nm. For the colony formation assay, the colony formation 
was allowed to proceed for 14 days. Plates were stained with 
0.1% crystal violet. The fixed cell colonies were allowed to air 
dry. The clone formation rate was calculated.

Cell cycle analysis. HeLa and SiHa cells in 6-well plates were 
transfected with ATAD2 siRNA (si-ATAD2#2) or Neg. siRNA. 
After 24 h of transfection, the cells were seeded at a density 
of 5x105 cells/well, trypsinized, fixed with 70% cold ethanol at 
4˚C, and washed in cold PBS. A quantity of 100 µl RNase A 
and 400 µl PI staining solution was added, and the cells were 
incubated at 4˚C in the dark for 30 min. Cell cycle analysis 
was performed using a flow cytometer (FACSCalibur; BD 
Biosciences, San Jose, CA, USA). A software was then used 
to detect and record the red fluorescence upon excitation at a 
wavelength of 488 nm.

Wound healing/scratch migration and Transwell assays. 
For the wound healing/scratch migration assay, the cells 
were seeded into 6-well plates at a density that after 24 h 
of growth, they reached ~60% confluency as a monolayer. 
The monolayer was gently and slowly scratched with a new 
pipette tip across the center of the well. After scratching, the 
well was washed twice with PBS to remove the detached cells 
and was then replenished with fresh medium. The cells were 
grown for an additional 24 h. Images were captured of the 
monolayer using a microscope. The gap distance was quan-
titatively evaluated using software. For the Transwell assay, 
the HeLa and SiHa cells, with 200 µl serum-free media were 
added to the upper compartment which was coated with 30 µl 
Matrigel (1:2 dilution; Costar, Corning, NY, USA). RMPI‑1640 
containing 10% FBS was added to the lower compartment, 
and further incubation was carried out for 24 h. The cells that 
penetrated the membrane of the chamber were stained with 
hematoxylin. The cells on the upper membrane were removed 
with a cotton tip. The number of invasive cells was assessed in 
10 randomly selected fields under a microscope. The experi-
ments were tested in triplicate.

Statistical analysis. The statistical data were analyzed by 
SPSS 17.0 for Windows. The correlation between ATAD2 
expression and cervical cancer patient clinicopathological 
features was analyzed using the χ2 test. Student's t-test analysis 
was used to compare messenger RNA in the various groups. 
Prognostic significance was evaluated by the Cox hazards 
model and Kaplan-Meier survival method. A difference was 
considered statistically significant at P<0.05.

Results

Expression of ATAD2 in the CC tissue samples and cell 
lines. At the protein level, the mean level of ATAD2 expres-
sion in the CC tissues was 3.24-fold higher than that in the 
non-tumor tissues (median expression, 5.157 and 1.917, respec-

Figure 1. ATAD2 expression level in the CC tissues and CC cell lines. (A) Mean level of ATAD2 expression was determined by western blotting in 30 pairs 
of tumor (T) and non-tumor (NT) tissues. (B) ATAD2 protein expression in each of the tumor (T) and paired non-tumor (NT) samples was determined by 
western blotting. (C) The expression of ATAD2 protein identified by western blotting in CC, CIN and normal tissues. (D) The expression of ATAD2 in HeLa 
and SiHa cells compared with normal cervical epithelial samples (Normal). (E) The efficiency of RNA interference by two short RNAs (si-ATAD2#1 and 
si-ATAD2#2) in the HeLa and SiHa cells was detected by qPCR. CC, cervical cancer. CIN, cervical intraepithelial neoplasia; ATAD2, ATPase family AAA 
domain-containing protein 2.
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tively) (Fig. 1A). Western blot analysis showed that ATAD2 
expression was markedly higher in the CC tissues compared 
to their adjacent normal cervical tissues (Fig. 1B), and ATAD2 
expression in the CC and CINII-III tissues was higher than 
that in the normal cervical and CINI tissues  (Fig.  1C). 
Compared to the normal cell line, HeLa and SiHa cells showed 
relatively higher levels of ATAD2 expression by western blot-
ting (Fig. 1D). In addition, ATAD2 expression in the HeLa 
and SiHa cells transfected with the ATAD2 siRNA showed 
efficient depletion (Fig. 1E). According to the immunohisto-

chemical staining, ATAD2 was highly expressed in the CC 
tissues  (96/135, 71.1%) and CINIII tissues (16/30, 53.3%), 
whereas little or no staining was observed in the tumor-
adjacent and normal cervical tissues  (Fig.  2). Expression 
of ATAD2 in the CC, CINII-III, CINI, and normal cervical 
tissues is summarized in Table II.

Correlation of ATAD2 expression with cervical cancer patient 
clinical outcome. High levels of ATAD2 expression were 
significantly associated with FIGO stage and lymph node status. 
Association of ATAD2 expression and the clinicopathological 
characteristics of the 135 cervical cancer patients are summa-
rized in Table I. Overall survival was significantly reduced in 
patients with high ATAD2 expression compared to patients with 
low ATAD2 expression (P<0.05, Fig. 3). In addition, a multi-
variate analysis demonstrated that ATAD2 status, FIGO stage 
and lymph node status were significant prognostic factors for 
cervical cancer patients. A high level of ATAD2 expression was 

Figure 2. Immunohistochemical staining of ATAD2 in the CC and non-tumor samples. High expression in the (A) CC and (D) CINIII tissues. Low expression 
in the (E) CIN II and (F) CINI tissues. Negative expression in the (B) tumor-adjacent and (C) normal cervix tissues (immunohistochemistry, x400). CC, 
cervical cancer; CIN, cervical intraepithelial neoplasia; ATAD2, ATPase family AAA domain-containing protein 2.

Figure 3. Survival time of the cervical cancer patients in relation to ATAD2 
expression. Overall survival of the cervical cancer patients with high and 
low ATAD2 expression is shown. ATAD2, ATPase family AAA domain‑con-
taining protein 2.

Table II. Expression of ATAD2 in CC, CIN and normal 
cervical tissues.

Tissues	 n	 High, n (%)	 P-value

Normal cervical	 30	 6 (20.0)
CINI	 30	 8 (26.7)	 0.542
CINII-III	 30	 16 (53.3)	 0.007a

CC	 135	 96 (71.1)	 <0.001a

aStatistically significant (P<0.05); ATAD2, ATPase family AAA 
domain-containing protein  2; CC, cervical cancer; CIN, cervical 
intraepithelial neoplasia.
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associated with increased risk of a poor prognosis (hazard ratio, 
1.803, P=0.006) (Table III).

Depletion of ATAD2 inhibits tumor cell proliferation in 
the CC cell lines. A significant reduction in the prolifera-
tion rate of the CC cell lines was observed with the CCK-8 
assay after transfection with ATAD2 siRNA compared 
to Neg.  siRNA  (Fig.  4A). Consistent with the CCK-8 
assay, the depletion of ATAD2 in the HeLa (Neg. siRNA 
vs.  ATAD2  siRNA: 159±9  vs.  116±9, P<0.05) and SiHa 
(Neg. siRNA vs. ATAD2 siRNA: 195±8 vs. 129±6, P<0.05) 
cells led to a significant reduction in the number and size 
of foci  (Fig.  4B). The DNA content determined using 

f low cytometry revealed that ATAD2  siRNA transfec-
tion increased the percentage of cells in the G1 phase and 
decreased those in the S phase in both the HeLa and SiHa 
cell lines (P<0.05, Fig. 5).

Invasive and migratory capacities of the HeLa and SiHa cells 
are decreased by ATAD2 knockdown. Cell invasion and migra-
tion assays demonstrated that the HeLa and SiHa CC cell lines 
that were transfected with ATAD2 siRNA displayed attenu-
ated invasive and migratory capacities than these capacities in 
the negative controls (Figs. 6 and 7). The depletion of ATAD2 
in the HeLa (Neg. siRNA vs.ATAD2 siRNA: 263.7±9.5 vs. 
142.7±5.0, P<0.05) and SiHa (Neg. siRNA vs. ATAD2 siRNA: 

Figure 4. ATAD2 depletion impairs cell proliferation. (A) The CCK-8 assay was performed following ATAD2 siRNA treatment. ATAD2 was knocked down 
by si-ATAD2#2, which inhibited HeLa and SiHa cell growth. A reduction in absorbance was observed (*P<0.05). (B) Clonogenic assays were performed with 
ATAD2-depleted cancer cells. (C) The number of colonies formed by the HeLa and SiHa cells treated with ATAD2 siRNA (si-ATAD2#2) was markedly less 
than the number of colonies in the control siRNA-treated cells (*P<0.05). Each of the experiments was repeated in triplicate.

Table III. Univariate and multivariate analyses of the individual parameters correlated with overall survival of the cervical cancer 
patients.

	U nivariate analysis	 Multivariate analysis
	 ---------------------------------------------------------------------------------------	 -------------------------------------------------------------------------------------
Variables	 HR	 95% CI	 P-value	 HR	 95% CI	 P-value

ATAD2	 2.509	 1.530-4.115	 <0.001a	 1.803	 1.180-2.756	 0.006a

Age	 1.019	 0.993-1.046	 0.156
FIGO stage	 3.651	 2.360-5.648	 <0.001a	 1.852	 1.214-2.285	 0.004a

Differentiation	 1.118	 0.881-1.419	 0.357
Histological type	 1.194	 0.680-1.759	 0.711
Lymph node status	 3.985	 2.256-5.309	 <0.001a	 2.533	 1.665-3.852	 0.001a

aStatistically significant (P<0.05). HR, hazard ratio; CI, confidence interval.
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128.7±5.5 vs. 70.0±2.0, P<0.05) cells led to a significant reduc-
tion in invasive cells (Fig. 6). The migratory ability of the HeLa 
and SiHa cells was assessed by a wound healing/scratch migra-
tion assay. Migration of the HeLa (Neg. siRNA vs. ATAD2 
siRNA: 164.57±2.31  vs.  234.31±1.65, P<0.05) and SiHa 
(Neg. siRNA vs. ATAD2 siRNA: 181.87±8.08 vs. 255.05±3.53, 
P<0.05) cells was also significantly reduced (Fig. 7).

Discussion

Discovery of the ATAD2 gene is a new breakthrough in 
oncology research. The AAA+ ATPase structure domain is 
a molecular chaperone using ATP activity to participate in 
the activities of cells, cell cycle control, signal transduction, 
and gene expression regulation (15). The bromine structure 

domain and acetylation of the lysine model adjust chromo-
some remodeling and transcriptional control of the interaction 
between proteins  (16-19). ATAD2 maps to chromosome 
8q24 in a region that is frequently amplified in cancer (20). 
It was demonstrated that ATAD2 is a new type of candidate 
oncogene and perhaps a therapeutic target for several types 
of human tumors, such as breast, ovarian, endometrial and 
lung cancer and hepatocellular carcinoma (9-13). However, 
the abnormal expression of ATAD2 and its possible role in 
the carcinogenesis of cervical cancer have not been studied 
to date.

In the present study, immunohistochemical analysis showed 
that the expression of ATAD2 in cervical cancer tissues was 
significantly higher than that in the normal/tumor‑adjacent 
tissues. ATAD2 expression in the CINII-III tissues was 

Figure 6. Transwell assays of the HeLa and SiHa cells transfected with the negative control and ATAD2 siRNA (si-ATAD2#2). (A) ATAD2 depletion had a 
measurable inhibitory effect on cell invasion in both cell lines. (B) The number of invasive cells was counted and a significant difference was observed among 
the cell groups (*P<0.05). ATAD2, ATPase family AAA domain-containing protein 2.

Figure 5. DNA content analysis demonstrated that ATAD2 siRNA (si‑ATAD2#2) transfection increased the percentage of cells in the G1 phase and decreased 
those in the S-phase in the HeLa and SiHa cell lines. ATAD2, ATPase family AAA domain-containing protein 2.
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significantly higher than that in the CINI and normal tissues. 
The same results were demonstrated by western blotting. A 
total of 135 cervical cancer tissue samples were analyzed by χ2 
test. The results indicated that ATAD2 is one type of cervical 
cancer gene and is related to cervical cancer proliferation 
and transference. We found that high expression of ATAD2 
in cervical cancer patients was an independent predictor of 
overall survival. Overexpression of the ATAD2 gene may 
play an important role in the occurrence and development 
of cervical cancer, but the specific mechanism and genes for 
cervical cancer cell proliferation warrant further research.

Previous studies showed that ATAD2 was highly expressed 
in a variety of human tumor cell lines, including those 
derived from leukemia (HL60, Molt4 and Jurkat), lymphoma 
(Daudi), lung adenocarcinoma (A549 and A1299), and breast 
cancer (MCF-7) (21). ATAD2 in human cancer cells is asso-
ciated with a variety of key regulatory mechanisms, such as 
regulation of cell proliferation and tumor metastasis (22,23). 
ATAD2 can regulate downstream genes such as cyclin D1, 
c-myc and E2F, which contribute indirectly or directly to 
cancer cell proliferation  (24). High expression of ATAD2 
can promote cell proliferation in breast cancer and is closely 
related to tumor stage (9). Through small RNA interference, 
tumor cell proliferation ability was decreased, and apoptosis 
was induced in breast cancer cells (21). In prostate cancer, 
ATAD2 also plays an important role in tumor cell prolifera-
tion (25). At present, how ATAD2 affects cell proliferation and 
tumor molecular mechanisms is unclear.

A recent study showed that ATAD2 and some important 
mitotic drive protein subtype genes and cell survival genes 
(IRS2, VEGF and AKtl) controlled by c-myc and EZH2 
are associated with proliferation of Rb-E2F  (26). ATAD2 
exists in the E2F sensitive gene promoter, and when the cells 
change from the G1 to the S phase, ATAD2 was increased 
significantly (27). In our research, the HeLa and SiHa cells 
had relatively higher expression of ATAD2, and the depletion 
of ATAD2 by transfection with siRNA in these two cell lines 
led to G1 phase cell cycle arrest and reduced proliferation 
and colony-forming ability. This result was in agreement with 

previous studies, and siRNA-mediated ATAD2 knockdown 
significantly inhibited cervical cancer cell invasion and migra-
tion. In agreement with the literature, through activation of 
inflammatory factors such as nuclear factor-κB  (NF-κB), 
ATAD2 plays a main role in tumor progression. Histone meth-
yltransferase NSD2 (also known as MMSET and WHSC1), 
an NF-κB activator, is a construction of bromine ANCCA/
ATAD2 gene of target genes. It activates downstream target 
genes, including IL-6, IL-8, cyclin D and Bcl-2. A previous 
study suggests that the downstream target genes may play 
an important role in cervical cancer cell metastasis (28). Our 
results provide evidence that ATAD2 is not only important 
in cervical cancer cell proliferation, but is also involved in 
cervical cancer cell invasion and migration. Further research 
is necessary to understand the specific mechanisms.

In summary, the present study identified high expression 
of the oncogene ATAD2 in cervical cancer, which may be 
important in the acquisition of an aggressive phenotype and 
may indicate a poor prognosis for cervical cancer patients. 
In addition, the functional studies of ATAD2 suggest that it 
has a potential role in regulating cell proliferation, invasion, 
and migration. ATAD2 is a candidate target protein for future 
cancer therapeutics.
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