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Abstract
ATPase family AAA domain-containing protein 2 (ATAD2) is highly expressed in a variety of malignancies
and can promote the proliferation of tumor cells and inhibit their differentiation. However, the
expression of ATAD2 and its related mechanism in oral squamous cell carcinoma (OSCC) are still
unknown. Immunohistochemical staining of ATAD2, cancer stem cells (CSCs) markers and immune
checkpoint molecules was conducted on human OSCC specimens to determine the expression levels of
these proteins and their correlations with the clinicopathological characteristics of ATAD2 in OSCC.
Moreover, the role of ATAD2 in cell proliferation, apoptosis, migration and epithelial-mesenchymal
transition (EMT) were assessed by silencing ATAD2 in vitro. Immunohistochemical analysis revealed that
ATAD2 expression in OSCC tissues was markedly higher than that in adjacent dysplastic tissues and
normal mucosal tissues. Overexpression of ATAD2 was related to poor overall survival in OSCC
patients. In addition, the protein expression of ATAD2 was notably correlated with the expression of
B7-H4, PD-L1, CMTM6, Slug and ALDH1 in human OSCC. ATAD2 knockdown arrested the cell cycle,
promoted the apoptosis, and inhibited the proliferation, migration, and EMT of OSCC cells. In
conclusion, these findings revealed that ATAD2 is highly expressed in OSCC and can act as a poor
prognostic indicator.
Key words: ATAD2; oral squamous cell carcinoma; prognosis; proliferation; apoptosis; epithelial-mesenchymal
transition

Introduction
Oral squamous cell carcinoma (OSCC) has a high
mortality rate and is the most common head and neck
malignancy, accounting for approximately 90% of
malignant tumors of the head and neck [1]. At
present, although surgical excision, chemotherapy,
radiotherapy and other comprehensive treatment
measures have been taken, the therapeutic effect is
still unsatisfactory [2]. The focus of OSCC research is
to clarify the pathogenesis of OSCC at the molecular
level, search for effective screening indicators, further
understand relevant molecular mechanisms, and
provide new molecular targets for therapy.
ATAD2 (ATPase family AAA domain-

containing protein 2), also known as ANCCA (AAA+
nuclear coregulator cancer-associated), is located on
human chromosome 8q24.13 [3]. Studies have shown
that ATAD2 is involved in the regulation of chromatin
dynamics, transcription and apoptosis, which can
facilitate the proliferation of tumor cells and inhibit
their differentiation [4]. ATAD2 is reported to be
highly expressed in multifarious malignant
neoplasms, including breast cancer [5], lung cancer
[5], gastric carcinoma [6], colorectal cancer [7] and
retinoblastoma [8]. Overexpression of ATAD2 in
tumors often indicates a poor prognosis, and the
expression difference is closely associated with tumor
http://www.medsci.org
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size, pathology grade, lymph node metastasis and
other clinicopathological factors [9, 10].
EMT plays a vital role in the development of
epithelium-derived carcinomas, including OSCC [11].
After undergoing EMT, which is related to tumor
invasion, metastasis and the development of a cancer
stem cell (CSC) phenotype; tumor cells acquire
invasive potential, infiltrate into the surrounding
matrix, and form a microenvironment that promotes
tumor growth and metastasis [12]. It has been
reported that suppression of EMT is related to the
downregulation of ATAD2 in colorectal cancer [13]
and renal cell carcinoma [14]. These results suggest
that ATAD2 may be a biomarker of tumor
proliferation and metastasis, as well as a prognostic
factor for many human tumors. However, ATAD2
expression in OSCC and its related mechanism are
still unknown. In addition, immunotherapy, as a
promising novel therapy, has been gradually applied
in the clinical treatment of various tumors including
OSCC with low toxicity and high specificity [15].The
role of ATAD2 in immune cells has not been reported
and is worth further study.
The purpose of this study was to investigate the
relationship between the expression of ATAD2 in
OSCC and its clinicopathological characteristics, the
prognostic analysis of OSCC and its biological
behavior in OSCC cell lines, and to provide new ideas
and a basis for clinical treatment. We detected the
expression level of ATAD2 at the tissue level and
analyzed its relationship with clinicopathological
features. In addition, the correlation of ATAD2
expression with immune checkpoint molecules and
CSC specific markers in OSCC was explored.
Furthermore, by observing the effect of ATAD2 gene
silencing on the proliferation and migration of tumor
cells, the relationship between ATAD2 and the
occurrence, development and metastasis of oral
squamous cell carcinoma was revealed.

Materials and Methods
Ethical Statement
The study was performed with the approval of
the Institutional Medical Ethics Committee of School
and Hospital of Stomatology, Wuhan University
(Approval NO.: 2016LUNSHENZI62). Every patient
signed a written informed consent form.

Human OSCC Tissue Microarrays
Tissue samples were obtained from patients
diagnosed with OSCC with complete case data after
surgical excision at the Department of Oral and
Maxillofacial Surgery, School and Hospital of
Stomatology, Wuhan University. We classified the
patients’ OSCC into different clinical stages and

1599
determined the histological grades based on the
scheme of the World Health Organization guidelines
and the Union for International Cancer Control (8th
edition) [16]. All specimens included 42 oral mucosa
specimens adjacent to OSCC, 69 oral epithelial
dysplasia specimens, 176 primary OSCC specimens
(exclude recurrent, preoperative chemotherapy, or
preoperative radiotherapy) [17, 18], 25 recurrent
OSCC specimens, 20 OSCC specimens from patients
who received preoperative induction TPF (docetaxel,
cisplatin, and fluorouracil) chemotherapy, 15
specimens from patients who received preoperative
radiotherapy, and 68 metastatic lymph node
specimnes in our human OSCC tissue microarrays
(T12-412-TMA2, T15-411, T17-790). The method for
tissue microarray (TMA) construction was performed
as previously described [19].

Immunohistochemical Staining
Before dewaxing, the tissue microarrays were
baked in a 60°C incubator for 60 min. Then the
sections were immersed in xylene for 10 min and then
soaked in xylene for another 10 min. After this, the
slices were dehydrated in gradient ethanol (100%,
95%, 90%, 80%, and 70%) for 5 min each time. Next,
antigen retrieval was conducted in citric acid buffer
solution (pH 6.0) at 95°C for 20 min and then cooled
down at room temperature. Sections were incubated
with 3% hydrogen superoxide for 20 min before using
normal goat serum at 37°C for 10 min. The primary
antibodies against ATAD2 (1:200; Cell Signaling
Technology),
B7-H4
(1:800;
Cell
Signaling
Technology),
PD-L1
(1:100;
Cell
Signaling
Technology), CMTM6 (1:100; Sigma-Aldrich), Slug
(1:200; Cell Signaling Technology) and ALDH1 (1:800;
Cell Signaling Technology) were incubated in a
humidified chamber at 4°C overnight. Subsequently,
horseradish peroxidase conjugated goat anti-rabbit
secondary antibody was added to the slices for 30 min
at 37°C. Then, the sections were counterstained with
hematoxylin for approximately 60 sec. TMAs were
scanned by an Aperio ScanScope CS scanner (CA,
USA) and quantified for pixel quantification by
Aperio Quantification software. The immunostaining
of the nucleus and membrane was calculated by using
the following formula: 1 × (1+) + 2× (2+) + 3× (3+).
The expression scores were normalized to a range of 0
to 300. The results of hierarchical clustering analysis
were achieved by using Cluster 3.0 with average
linkage, and visualization data were obtained using
Java TreeView 1.1.3.

Cell Culture
The OSCC cell lines SCC4, SCC9 and Cal27 were
obtained from the American Type Culture Collection
http://www.medsci.org
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(ATCC, Rockville, MD). Tca8113 cells were obtained
from the Ninth People's Hospital, Shanghai Jiao Tong
University School of Medicine. Cal27 and Tca8113
cells were cultured in Dulbecco’s modified Eagle’s
medium (DMEM) with 4500 mg/L glucose. SCC4 and
SCC9 cells were cultured in DMEM/F-12. The two
kinds of medium mentioned above were
supplemented with 10% fetal bovine serum (FBS,
Gibco, USA) and 1% streptomycin-penicillin. All of
the OSCC cell lines were cultured in a 37°C incubator
and a 5% CO2 humidified atmosphere.

SiRNA and Cell Transfection
The three small interfering RNAs (siRNAs) used
for silencing ATAD2 were synthesized by
GenePharma (Shanghai, China). Cells were seeded
into a 6-well plate 24 hr before cell transfection. We
classified the cells into 5 groups: blank (without any
transfection), NC (negative control oligonucleotides),
siRNA-1 (ATAD2-Homo-507), siRNA-2 (ATAD2Homo-1121), and siRNA-3 (ATAD2-Homo-2072). Cell
transfection was conducted with the Lipofectamine
3000 Transfection Kit (Invitrogen, USA) in accordance
with the manufacturer's directions. After transfection
for 48 hr at 37°C, the subsequent experiments and
analyses were performed.

Western Blot Analysis
The cells were lysed in cell lysis buffer (Beyotime
Biotechnology, China) to obtain the protein, and the
concentration of the protein was measured with a
BCA Kit (Beyotime Biotechnology, China). Protein (30
μg per lane) was added to a polyacrylamide gel and
transferred to a PVDF membrane after separation by
electrophoresis. Subsequently, the membrane was
blocked with TBST diluted 5% skim milk for 1 hr at
room temperature. Primary antibodies against
ATAD2 (1:1000; Cell Signaling Technology),
E-cadherin (1:1000; Cell Signaling Technology),
N-cadherin (1:1000; Cell Signaling Technology) and
Snail (1:1000; Cell Signaling Technology) were used
for binding protein specifically at 4°C overnight. After
washing three times for 10 min in TBST, membranes
were incubated with an HRP-labeled goat anti-rabbit
IgG (1:10000, Proteintech, Wuhan, China) for 1 hr at
37°C. The WesternBright Sirius Chemiluminescent
Detection Kit was used for the visualization of bands
on PVDF membranes. GAPDH (1:10000, Bioprimacy)
was used as an internal reference protein. The
experiments were repeated three times.

Cell Viability and Colony Formation Assay
Cell suspensions were seeded in 96-well plates at
approximately 5000 cells per well. After incubation
for 12, 24 and 48 hr, 10 μl of Cell Counting Kit-8
(CCK-8, Dojindo, Japan) solution was added to each
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well. Cells were cultured in the incubator for 1-4 hr,
and the absorbance at 450 nm was measured with a
multifunction microplate reader.
Cells in the logarithmic growth phase were
harvested and made into single-cell suspensions after
48 hr of transfection. Approximately 1000 cells were
seeded into each well of the 6-well plate. When cell
clusters were visible to the naked eye, the culture was
stopped. Then, the cells were fixed with 4%
paraformaldehyde, stained with crystal violet, and
counted under a microscope to calculate the clone
formation rate.

Flow Cytometry
After transfection for 48 h, the harvested cells
were centrifuged without supernatant and washed
with cold PBS 2 times. PBS was aspirated to get the
pellet as clean as possible. Next, 1 ml DNA staining
solution and 10 microliter permeabilization
solution (MULTI SCIENCES, Hangzhou, China) were
added to the collected cells. The mixture was mixed
by vortex oscillation for 5-10 sec and then incubated in
the dark at room temperature for 30 min. The cell
cycle was detected by using a flow cytometer
(CytoFLEX, BECKMAN COULTER Brea, CA, USA).
According to the instructions of an annexin-V-FITC
cell apoptosis detection kit (MULTI SCIENCES,
Hangzhou, China), 400 μl of annexin V was added to
the cells to the cell density was adjusted to 1×106
cells/ml. Five microliters of annexin-V-FITC staining
solution was added to the cell suspension, which was
mixed gently and incubated at 2-8°C for 15 min in the
dark. After staining with propidium iodide (PI) buffer
at 4°C in the dark for 5 min, apoptotic cells were
detected by using a flow cytometer.

Wound Healing Assay
After 48 hr of transfection, a 200 μl pipette tip
was used to make scratches along the midline of each
well when cell confluence reached 90%-100%. Cells
were washed three times with sterile PBS to rinse off
the detached cells, and then the complete medium
was replaced with serum-free medium. After 0, 12
and 24 hr of cell culture, photos were taken. The
width of the scratch was recorded to estimate the cell
migration ability.

Transwell Assay
After 48 hr of transfection when cells in the
logarithmic growth phase, Cal27 cells were detached
and then washed in PBS and serum-free medium
successively. Following this, cells were suspended in
serum-free medium at an adjusted concentration of
2×105 cells/ml. Then, 800 μl complete medium was
added to the bottom of the 24-well plate, and 150 μl
cell suspension was added to the upper chamber.
http://www.medsci.org
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After 24 hr of incubation, cells on the upper surface of
the membranes were wiped off with cotton swabs.
Subsequently, the cells underneath the membranes
were fixed in 800 μl of 4% paraformaldehyde for 30
min, and then stained with crystal violet for 20 min.
Under an inverted microscope, 5 fields were
randomly selected and counted for each group.

Statistical Analysis
Statistical data analysis was conducted using
GraphPad Prism 7 and SPSS 20.0 software. Data
between two groups were analyzed using paired/
unpaired t-test, and data from multiple groups were
analyzed using one-way ANOVA. Kaplan-Meier and
log-rank tests were utilized for survival analysis. The
best cut-off was confirmed by the website Cutoff
Finder [20]. The correlation of ATAD2 with other
genes was evaluated by two-tailed Pearson's statistics.
Data are expressed as the mean ± SEM, and
significance was defined as p < 0.05.

Results
ATAD2 was overexpressed in human OSCC
tissues and significantly linked to overall
survival
To detect the correlation between human OSCC
and
ATAD2
expression,
we
performed
immunohistochemistry on high-throughput tissue
microarrays. The immunoreactivity of ATAD2 is
characterized by nuclear and cytoplasmic expression
in tumor cells, especially in the nucleus, but rarely in
the oral mucosa (Figure 1A). Remarkably, the staining
intensity of ATAD2 was found to be much stronger in
OSCC (n = 176) than in dysplasia (n = 69, p < 0.001)
and normal oral mucosa (n = 42, p < 0.001, Figure 1B).
Oncomine (www.oncomine.org) database analysis
showed that the mRNA expression level of ATAD2 in
tougue squamous cell carcinoma (TSCC) was notably
higher than that in normal tongue mucosa (p < 0.001,
Figure S1A). Moreover, the results from GEPIA (gene
expression profiling interactive analysis, gepia.cancerpku.cn) indicated a significant difference in ATAD2
mRNA expression, with higher expression in head
and neck squamous cell carcinoma (HNSCC) than in
normal mucosa (p < 0.05, Figure S1B). However, there
was no significant difference in expression level
between normal mucosa and atypical hyperplasia (p =
0.1646, Figure 1B). Furthermore, the Kaplan-Meier
log-rank test was used to evaluate the effect of
ATAD2 expression differences on the prognosis of
OSCC. As shown in Figure 1C and D, higher ATAD2
expression predicted significantly lower overall
survival rates at the best cut-off (p = 0.0005) but not at
the median cut-off (p = 0.2570).

1601
Clinicopathological significance of ATAD2
expression level in human OSCC
In our study, the expression of ATAD2 in
primary OSCC tissues was markedly lower than that
in metastatic lymph nodes (OSCC vs. LN, p = 0.0325,
Figure 2A, 2C). Interestingly, we found that the HPV
(+) group had markedly higher ATAD2 expression
than the HPV (-) negative group (HPV- vs. HPV+, p =
0.0416, Figure 2B, 2D). However, neither pathology
grade (p > 0.05, Figure 2E), nor tumor size (p > 0.05,
Figure 2F) was related to the expression of ATAD2.
Moreover, there were no significant differences in
ATAD2 expression between the tumors with lymph
node metastasis and the tumors without lymph node
metastasis (p > 0.05, Figure 2G). Furthermore, ATAD2
expression was correlated with whether presurgical
inductive chemotherapy was performed (OSCC vs.
TPF, p = 0.0485, Figure 2H). In addition, there was no
significant relationship between ATAD2 expression
level and tumor recurrence (OSCC vs. recurrence, p >
0.05, Figure S1C). In addition, ATAD2 expression was
not significantly different among patients with
differences in radiotherapy, drinking or smoking
status (OSCC vs. RT, p > 0.05, Figure S1D; drinking
vs. nondrinking, p > 0.05, Figure S1E; smoking vs.
nonsmoking, p > 0.05, Figure S1F).

Protein expression of ATAD2 was notably
correlated with B7-H4, PD-L1, CMTM6, Slug,
and ALDH1 in human OSCC
We applied immunohistochemistry to human
OSCC TMAs and found high protein expression
levels of B7-H4, PD-L1, CMTM6, Slug and ALDH1
(Figure 3A). Next, hierarchical clustering analysis
showed that ATAD2, B7-H4, PD-L1, CMTM6, Slug
and ALDH1 had similar trends in terms of protein
expression levels (Figure 3B). Additionally, Pearson’s
correlation analysis indicated that the expression level
of ATAD2 was statistically correlated with B7-H4 (p =
0.0005, r = 0.3944), PD-L1 (p = 0.0125, r = 0.289),
CMTM6 (p = 0.0015, r = 0.3621), Slug (p = 0.0018, r =
0.3568) and ALDH1 (p = 0.0191, r = 0.2719), as shown
in Figure 3C and D.

Silencing of ATAD2 reduced OSCC cell
proliferation
We compared the expression levels of ATAD2 in
OSCC cell lines Tca8113, Cal27, SCC4 and SCC9 by
western blotting analysis and discovered that the
protein content of ATAD2 in Cal27 was relatively the
highest, so we chose the Cal27 cell line for subsequent
experiments (Figure 4A). All three siRNA sequences
(ATAD2-Homo-507,
ATAD2-Homo-1121
and
ATAD2-Homo-2072) used to knockdown ATAD2 in
Cal27 cell lines had high knockout efficiency (Figure
http://www.medsci.org
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4B). We conducted a colony formation assay to
observe the influence of ATAD2 knockdown on
OSCC cell proliferation. As shown in Figure 4 C and
D, the colony numbers of the siRNA groups were
markedly decreased compared with those of the blank
and NC groups. In addition, the CCK-8 assay was
applied to detect cell proliferation at 12, 24, and 48 hr.
Compared with that in the blank group and the NC
group, the OD value of siRNA groups was gradually
augmented from 12 to 48 hr ( Figure 4E).

ATAD2 knockdown promoted OSCC cell
apoptosis and weakened cell cycle progression
Both the cell cycle and apoptosis were detected
by flow cytometry, and the cell cycle was analyzed by
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ModFit, while apoptosis was analyzed by CytExpert.
The results showed that the cell apoptosis rate of the
siRNA groups increased compared with that of the
blank group and the NC group, and the difference
between the blank group and the NC group was not
significant (Figure 5A, 5B). As seen in Figure 5 C, D, E
and F, the siRNA groups had prolonged G1 phase
(more cells) and shortened G2 phase (fewer cells)
relative to the blank group and NC group, while the
proportion of cells in S phase of different groups was
not significantly different. These findings indicated
that downregulation of ATAD2 can induce the
apoptosis of OSCC cells and block the cell cycle in G1
phase in vitro.

Figure 1. Overexpression of ATAD2 in primary OSCC. (A) Representative hematoxylin-eosin (HE, left) and immunohistochemical staining (right) of ATAD2 in mucosa
adjacent to OSCC and in primary OSCC tissue. Scale bar, 50 µm. (B) Quantitative analysis of immunohistochemical staining of ATAD2 in mucosa adjacent to OSCC (MUC, n
= 42), epithelial dysplasia (DYS, n = 69) and oral squamous carcinoma (OSCC, n = 176, ***p < 0.001). (C) When the median value (histoscore = 20.94946) was used as the cut-off
point, the Kaplan-Meier curve shows that the expression of ATAD2 is not related to OSCC prognosis (p=0.2570). (D) The Kaplan-Meier curve shows that the high expression
of ATAD2 is correlated with the poor prognosis of OSCC when the best cut-off was used (histoscore = 93.7, p = 0.0005).

http://www.medsci.org
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Figure 2. Clinicopathological significance of ATAD2. (A) Representative immunohistochemical staining of ATAD2 in primary OSCC tissue (SCC, left) and metastatic
lymph node (LN, right). Scale bar, 50 µm. (B) Immunohistochemical staining of ATAD2 in HPV- (left) and HPV+ (right) OSCC tissues. Scale bar, 50 µm. (C) Quantitative analysis
of the expression level of ATAD2 in primary OSCC and metastatic lymph nodes (OSCC = 176, LN = 68, *p < 0.05). (D) Quantitative analysis of ATAD2 expression between
HPV- OSCC patients and HPV+ OSCC patients (HPV- = 161, HPV+ = 15, *p < 0.05). (E) Quantitative analysis of the expression level of ATAD2 in different OSCC grades (I = 52,
II = 101, III = 23, P > 0.05). (F) Quantitative analysis of the expression level of ATAD2 in four tumor sizes (T1 = 29, T2 = 98, T3 = 34, T4 = 15, P > 0.05). (G) Quantitative analysis
of the expression level of ATAD2 in different lymph node states (N0 = 120, N1 = 35, N2 = 21, P > 0.05). (H) Quantitative analysis of the expression level of ATAD2 in primary
OSCC and OSCC after TPF (OSCC = 176, TPF = 20, *P < 0.05).

Knockdown of ATAD2 suppressed OSCC cell
migration and affected the expression of EMT
biomarkers in OSCC
We mentioned earlier that ATAD2 was more

highly expressed in metastatic lymph nodes than in
OSCC tissues, so we hypothesized that ATAD2 may
be associated with the migration of OSCC cells. To
evaluate the effect of ATAD2 on cell migration,
wound healing and Transwell assays were conducted.
http://www.medsci.org
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As shown in Figure 6 A and B, the 24 hr healing rate
was markedly reduced in the siRNA groups
compared with the blank group and NC group. In the
Transwell assay, more migrating cells that passed
through the filter were observed in the blank group
and NC group compared with the siRNA groups
(Figure 6C, 6D). Moreover, we extracted the total
protein of OSCC cells after transfection and detected
whether the increased cell migration ability was
related to EMT by western blotting. As shown in
Figure 6E, when ATAD2 was knocked out, the
expression levels of Snail and N-cadherin decreased,
while E-cadherin increased. Taken together, the
results indicated that silencing ATAD2 inhibited
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OSCC migration and EMT progression.

Discussion
The discovery of the ATAD2 gene is a new
breakthrough in the field of tumor molecular biology.
Studies have shown that ATAD2 is an oncogene
involved in the development of various tumors [21].
Our findings revealed that overexpression of ATAD2
predicted a poor prognosis in patients with OSCC.
Attenuation of ATAD2 interfered with the cell cycle,
promoted the apoptosis, and inhibited the
proliferation, migration, and EMT of OSCC cells.

Figure 3. ATAD2 expression was related to B7-H4, PD-L1, CMTM6, Slug and ALDH1 expression. (A) Reprsentative immunohistochemical staining of ATAD2,
B7-H4, PD-L1, CMTM6, Slug and ALDH1 in OSCC. Scale bar, 50 µm. (B) Hierarchical clustering depicts the correlation of ATAD2, B7-H4, PD-L1, CMTM6, Slug and ALDH1 in
OSCC. (C) Pearson’s correlation coefficient test of ATAD2 with B7-H4 (p = 0.0005, r = 0.3944), PD-L1 (p = 0.0125, r = 0.289) and CMTM6 (p = 0.0015, r = 0.3621). (D)
Pearson’s correlation coefficient test of ATAD2 with Slug (p = 0.0018, r = 0.3568) and ALDH1 (p = 0.0191, r = 0.2719).

http://www.medsci.org
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Figure 4. Silencing of ATAD2 decreased OSCC cell proliferation. (A) Western blot analysis was performed to examine ATAD2 expression in several OSCC cell lines
(*, the relative highest expression level). (B) Western blot analysis was performed to examine ATAD2 expression after ATAD2 siRNA transfection in Cal27 cell lines. (C)
Representative images of anchor-dependent colony formation assays in Cal-27 cells. (D) Quantitative analysis of anchor-dependent colony formation assays in Cal27 cells. (E)
Growth curves of ATAD2 knockdown groups or blank and NC groups as measured by a CCK-8 assay (*P < 0.05 vs. the blank group, #P < 0.05 vs. the NC group).

In this study, immunohistochemical analysis
showed that the expression of ATAD2 in human
OSCC tissues was significantly higher than that in
adjacent dysplastic tissues and normal mucosal
tissues. In addition, the study revealed that
overexpression of ATAD2 was related to poor overall
survival in OSCC patients. Upregulaton of ATAD2 in
cancer tissues compared to paired normal tissues has

been reported previously in multiple cancers, such as
renal cell carcinoma [22], breast cancer [23] and
prostate cancer [24]. Hwang et al. reported that
ATAD2 expression unfavorably affected diseasespecific survival (DDS) in hepatocellular carcinoma,
and the 5-year DSS rate of the ATAD2-positive group
was notably lower than that of the ATAD2-negative
group [9]. Zheng et al. reported that compared with
http://www.medsci.org
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that of cervical cancer patients with low ATAD2
expression, the overall survival of patients with high
ATAD2 expression was significantly reduced [25]. To
the best of our knowledge, this is the first study to
explore the expression of ATAD2 in human OSCC
and to assess the clinicopathological and prognostic
value of ATAD2. The findings above suggest that
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ATAD2 might be not only a biomarker for diagnosis
but also a prognostic indicator in OSCC. However,
mucosa adjacent to OSCC could not represent normal
mucosa due to the concept of field carcinogenesis [26].
The lack of independent healthy samples not related
to studied tumors limited the diagnostic value of the
biomarker.

Figure 5. ATAD2 downregulation enhanced OSCC cell apoptosis and attenuated OSCC cell cycle progression. (A) Flow cytometry plot demonstrating cell
apoptosis status. (B) Quantitative analysis of the apoptosis rate of Cal27 cells in response to treatment with siRNA against ATAD2. (C) Quantitative analysis of the ratio of Cal27
cells in G1 phase in response to treatment with siRNA against ATAD2. (D) Quantitative analysis of the ratio of Cal27 cells in S phase in response to treatment with siRNA against
ATAD2. (E) Quantitative analysis of the ratio of Cal27 cells in G2 phase in response to treatment with siRNA against ATAD2. (F) Flow cytometry plot demonstrating cell cycle
distribution (*P < 0.05 vs. the blank group, #P < 0.05 vs. the NC group).

http://www.medsci.org
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Figure 6. Knockdown of ATAD2 inhibited cell migration and altered the expression of EMT biomarkers. (A) Representative photographs of the wound healing
assay (magnification, 10×). Photographs were taken at 0 and 24 hr after wounding. (B) Quantitative statistics of the healing rate. (C) Representative microphotographs of the
Transwell assay (magnification, 20×). Photographs were taken at 24 hr after cell plating. (D) Quantitative statistics of migrated cells. (E) Western blot results showed a decrease
in mesenchymal-related proteins N-cadherin and Snail and an increase in epithelial-related protein E-cadherin after ATAD2 siRNA transfection in Cal27 cell lines. (F)
Quantitative analysis of the protein expression levels of ATAD2 and EMT biomarkers (*P < 0.05 vs. the blank group, #P < 0.05 vs. the NC group).

Studies have shown that ATAD2 is closely
associated with various regulatory mechanisms in
tumor cells, including cell proliferation and tumor
metastasis [10, 27, 28]. Apoptosis plays a vital role in
the clearance of diseased cells. It is one of the key

factors of tumor occurrence and development that
lead to abnormal apoptosis and even cause cells to
lose the ability of apoptosis. Cell cycle entry was
blocked by ATAD2 downregulation in retinoblastoma
[8]. Our findings showed that through small RNA
http://www.medsci.org
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interference
targeting
ATAD2,
tumor
cell
proliferation was inhibited and apoptosis and G1 cell
cycle arrest were induced.
In the tumorigenesis of malignant tumors,
including OSCC, EMT plays an extremely important
role, which changes cell morphology, reduces cell
polarity and increases cell motility [29, 30]. E-cadherin
is an important adhesion molecule that maintains the
connections between epithelial cells and maintains the
epithelial phenotype. The reduction or loss of
E-cadherin is a key factor in the occurrence of EMT
[31]. A previous study showed that silencing ATAD2
inhibited the migration and invasion of colorectal
cancer cells by suppressing EMT [13]. Similar studies
indicated that the inhibition of EMT in renal cell
carcinoma cells is regulated by ATAD2 [14]. Herein,
our evidence suggests that low ATAD2 expression is
related to reduce EMT in OSCC cells and further
affects tumor metastasis. In addition, we found that
the expression of ATAD2 was related to the
expression of Slug, ALDH1 and CMTM6. Slug, a zinc
finger transcriptional suppressor, is an EMT marker
[32]. Previous studies indicated that EMT progression
is a pivotal regulator of the CSC phenotype [33]. In
addition, the silencing of Slug results in
downregulation of ALDH1 expression and repression
of CSC properties, which suggests that EMT
participates in the origination of CSCs [34]. Research
has found that CMTM6 knockdown inhibits stem
cell-like properties and TGF-β-induced EMT to
varying degrees [35]. These results suggest that
ATAD2 may play a vital role in the occurrence and
development of tumors by regulating EMT and the
CSC-like phenotype.
B7-H4 and PD-L1 (PD-1 ligand), as inhibitory
immune checkpoints, are often exploited by cancer
cells to evade immunosurveillance in OSCC [36] and
have been proven to be prognostic biomarkers in
OSCC [37, 38]. In addition, CMTM6 has been proven
to have the capacity to maintain the expression of
PD-L1 and regulate antitumor immunity [39]. Our
study found that ATAD2 was markedly correlated
with B7-H4, PD-L1 and CMTM6 in OSCC. Therefore,
these findings indicate that ATAD2 may contribute to
immune repression in the tumor microenvironment,
and further demonstrate that ATAD2 may be a poor
prognostic indicator.
In conclusion, the current research demonstrated
that ATAD2 is highly expressed in OSCC and may act
as a poor prognostic indicator. Moreover, the
correlation with B7-H4, PD-L1, Slug, ALDH1 and
CMTM6 may predict that ATAD2 plays a potential
role in EMT, immunosuppression and regulation of
CSCs in OSCC. Furthermore, silencing ATAD2
inhibits OSCC cell proliferation, migration and EMT

1608
and enhances cell apoptosis. These findings indicate
that ATAD2 may be a logical oncogene candidate and
a target for the treatment of OSCC. However, in our
study, there were still some limits of prognostic data
deriving from variable cut-off selection, due to short
follow up period and low-numbered studied
population. Furthermore, it has not been confirmed
whether the in vivo effects of ATAD2 are similar to the
in vitro effects; animal studies have not been
conducted, and further study on the role of ATAD2 in
animals is needed.

Supplementary Material
Supplementary figure.
http://www.medsci.org/v17p1598s1.pdf

Acknowledgments
This work was funded by the National Nature
Science Foundation of China 81874131 and 81672668,
Z. J. Sun was supported by Fundamental Research
Funds for the Central Universities of China
2042017kf0171 (Outstanding Young Scholars) and
Hubei Province Nature Science Funds for
Distinguished Young Scholar 2017CFA062.

Competing Interests
The authors have declared that no competing
interest exists.

References
1.

Warnakulasuriya S. Global epidemiology of oral and oropharyngeal cancer.
Oral Oncology. 2009; 45: 309-16.
2. Lorenzo-Pouso AI, Pérez-Sayáns M, Rodríguez-Zorrilla S, ChamorroPetronacci C, García-García A. Dissecting the Proton Transport Pathway in
Oral Squamous Cell Carcinoma: State of the Art and Theranostics
Implications. International Journal of molecular sciences. 2019; 20: E4222.
3. Wu G, Lu X, Wang Y, He H, Meng X, Xia S, et al. Epigenetic high regulation of
ATAD2 regulates the Hh pathway in human hepatocellular carcinoma.
International Journal of Oncology. 2014; 45: 351-61.
4. Haynes SR, Dollard C, Winston F, Beck S, Trowsdale J, Dawid IB. The
bromodomain: a conserved sequence found in human, Drosophila and yeast
proteins. Nucleic Acids Research. 1992; 20: 2603.
5. Caron C, Lestrat C, Marsal S, Escoffier E, Curtet S, Virolle V, et al. Functional
characterization of ATAD2 as a new cancer/testis factor and a predictor of
poor prognosis in breast and lung cancers. Oncogene. 2010; 29: 5171-81.
6. Zhang M, Zhang C, Du W, Yang X, Chen Z. ATAD2 is overexpressed in gastric
cancer and serves as an independent poor prognostic biomarker. Clinical &
Translational Oncology. 2016; 18: 776-81.
7. Hou M, Huang R, Song Y, Feng D, Jiang Y, Liu M. ATAD2 overexpression is
associated with progression and prognosis in colorectal cancer. Japanese
Journal of Clinical Oncology. 2016; 46: 222-7.
8. Wu S, Han M, Zhang C. Overexpression of microRNA-186 inhibits
angiogenesis in retinoblastoma via the Hedgehog signaling pathway by
targeting ATAD2. Journal of Cellular Physiology. 2019; 234: 19059-72.
9. Hwang HW, Ha SY, Bang H, Park CK. ATAD2 as a Poor Prognostic Marker
for Hepatocellular Carcinoma after Curative Resection. Cancer Research and
Treatment. 2015; 47: 853-61.
10. Kalashnikova EV, Revenko AS, Gemo AT, Andrews NP, Tepper CG, Zou JX,
et al. ANCCA/ATAD2 overexpression identifies breast cancer patients with
poor prognosis, acting to drive proliferation and survival of triple-negative
cells through control of B-Myb and EZH2. Cancer Research. 2010; 70: 9402-12.
11. Joseph JP, Harishankar MK, Pillai AA, Devi A. Hypoxia induced EMT: A
review on the mechanism of tumor progression and metastasis in OSCC. Oral
Oncology. 2018; 80: 23-32.
12. Tsai JH, Yang J. Epithelial-mesenchymal plasticity in carcinoma metastasis.
Genes & Development. 2013; 27: 2192-206.

http://www.medsci.org

Int. J. Med. Sci. 2020, Vol. 17

1609

13. Hong S, Bi M, Yan Z, Sun D, Ling L, Zhao C. Silencing of ATPase family AAA
domain-containing protein 2 inhibits migration and invasion of colorectal
cancer cells. Neoplasma. 2016; 63: 846-855.
14. Ji S, Su X, Zhang H, Han Z, Zhao Y, Liu Q. MicroRNA-372 functions as a
tumor suppressor in cell invasion, migration and epithelial-mesenchymal
transition by targeting ATAD2 in renal cell carcinoma. Oncology letters. 2019;
17: 2400-2408.
15. Ferris RL. Immunology and Immunotherapy of Head and Neck Cancer.
Journal of clinical Oncology. 2015; 33: 3293-304.
16. Brierley JD, Gospodarowicz MK, Wittekind C. TNM Classification of
Malignant Tumours, 8th Edition. New Jersey, USA: John Wiley and Sons.
2016.
17. Wu L, Deng WW, Huang CF, Bu LL, Yu GT, Mao L, et al. Expression of VISTA
correlated with immunosuppression and synergized with CD8 to predict
survival in human oral squamous cell carcinoma. Cancer Immunol
Immunother. 2017; 66: 627-636.
18. Wu CC, Xiao Y, Li H, Mao L, Deng WW, Yu GT, et al. Overexpression of
FAM3C is associated with poor prognosis in oral squamous cell carcinoma.
Pathology, Research and practice. 2019; 215: 772-778.
19. Mao L, Deng WW, Yu GT, Bu LL, Liu JF, Ma SR, et al. Inhibition of SRC family
kinases reduces myeloid-derived suppressor cells in head and neck cancer.
International Journal of cancer. 2017; 140: 1173-1185.
20. Budczies J, Klauschen F, Sinn BV, Győrffy B, Schmitt WD, Darb-Esfahani S, et
al. Cutoff Finder: a comprehensive and straightforward Web application
enabling rapid biomarker cutoff optimization. PloS one. 2012; 7: e51862.
21. Hussain M, Zhou Y, Song Y, Hameed HMA, Jiang H, Tu Y, et al. ATAD2 in
cancer: a pharmacologically challenging but tractable target. Expert opinion
on therapeutic targets. 2018; 22: 85-96.
22. Chen D, Maruschke M, Hakenberg O, Zimmermann W, Stief CG, Buchner A.
TOP2A, HELLS, ATAD2, and TET3 Are Novel Prognostic Markers in Renal
Cell Carcinoma. Urology. 2017; 102: 265 e1- e7.
23. Ciro M, Prosperini E, Quarto M, Grazini U, Walfridsson J, McBlane F, et al.
ATAD2 is a novel cofactor for MYC, overexpressed and amplified in
aggressive tumors. Cancer Research. 2009; 69: 8491-8.
24. Zou JX, Guo L, Revenko AS, Tepper CG, Gemo AT, Kung HJ, et al.
Androgen-induced coactivator ANCCA mediates specific androgen receptor
signaling in prostate cancer. Cancer Research. 2009; 69: 3339-46.
25. Zheng L, Li T, Zhang Y, Guo Y, Yao J, Dou L, et al. Oncogene ATAD2
promotes cell proliferation, invasion and migration in cervical cancer.
Oncology reports. 2015; 33: 2337-44.
26. Slaughter DP, Southwick HW, Smejkal W. Field Cancerization in Oral
Stratified Squamous Epithelium; Clinical Implications of Multicentric Origin.
Cancer. 1953; 6: 963-968.
27. Fouret R, Laffaire J, Hofman P, Beau-Faller M, Mazieres J, Validire P, et al. A
comparative and integrative approach identifies ATPase family, AAA domain
containing 2 as a likely driver of cell proliferation in lung adenocarcinoma.
Clinical cancer Research. 2012; 18: 5606-16.
28. De Angelis PM, Svendsrud DH, Kravik KL, Stokke T. Cellular response to
5-fluorouracil (5-FU) in 5-FU-resistant colon cancer cell lines during treatment
and recovery. Molecular cancer. 2006; 5: 20.
29. Chen C, Zimmermann M, Tinhofer I, Kaufmann AM, Albers AE.
Epithelial-to-mesenchymal transition and cancer stem(-like) cells in head and
neck squamous cell carcinoma. Cancer letters. 2013; 338: 47-56.
30. Radisky DC. Epithelial-mesenchymal transition. Journal of cell science. 2005;
118: 4325-6.
31. Kimura I, Kitahara H, Ooi K, Kato K, Noguchi N, Yoshizawa K, et al. Loss of
epidermal growth factor receptor expression in oral squamous cell carcinoma
is associated with invasiveness and epithelial-mesenchymal transition.
Oncology letters. 2016; 11: 201-207.
32. Villarejo A, Cortés-Cabrera A, Molina-Ortíz P, Portillo F, Cano A. Differential
role of Snail1 and Snail2 zinc fingers in E-cadherin repression and epithelial to
mesenchymal transition. The Journal of Biological Chemistry. 2014; 289:
930-41.
33. Shibue T, Weinberg RA. EMT, CSCs, and drug resistance: the mechanistic link
and clinical implications. Nature reviews Clinical Oncology. 2017; 14: 611-629.
34. Chen YC, Chen YW, Hsu HS, Tseng LM, Huang PI, Lu KH, et al. Aldehyde
dehydrogenase 1 is a putative marker for cancer stem cells in head and neck
squamous cancer. Biochemical and Biophysical Research Communications.
2009; 385: 307-13.
35. Chen L, Yang QC, Li YC, Yang LL, Liu JF, Li H, et al. Targeting CMTM6
suppresses stem cell-like properties and enhances antitumor immunity in
head and neck squamous cell carcinoma. Cancer Immunology Research. 2019;
8: 179-191.
36. Deng WW, Wu L, Sun ZJ. Co-inhibitory immune checkpoints in head and neck
squamous cell carcinoma. Oral Dis. 2018; 24: 120-123.
37. Müller T, Braun M, Dietrich D, Aktekin S, Höft S, Kristiansen G, et al. PD-L1: a
novel prognostic biomarker in head and neck squamous cell carcinoma.
Oncotarget. 2017; 8: 52889-52900.
38. Wu L, Deng WW, Yu GT, Mao L, Bu LL, Ma SR, et al. B7-H4 expression
indicates poor prognosis of oral squamous cell carcinoma. Cancer Immunol
Immunother. 2016; 65: 1035-45.
39. Burr ML, Sparbier CE, Chan YC, Williamson JC, Woods K, Beavis PA, et al.
CMTM6 maintains the expression of PD-L1 and regulates anti-tumour
immunity. Nature. 2017; 549: 101-105.

http://www.medsci.org

