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Colorectal cancer is one of the most common malignant tumors with a high rate of distant metastasis, postoperative
recurrence and mortality. ATPase family AAA domain-containing protein 2 (ATAD2), a member of ATPase family, is highly
expressed in various cancers, including colorectal cancer. However, whether ATAD2 plays a role in the migration and invasion of colorectal cancer cells remains unknown. In this study, we established ATAD2 knockdown in colorectal cancer cell
lines by RNA interference and found that silencing of ATAD2 inhibited the migration and invasion ability of Caco-2 and
SW-480 cells. Moreover, ATAD2 silencing suppressed epithelial-mesenchymal transition (EMT), and reduced the expression
and enzymatic activity of matrix metalloproteinases (MMPs) in Caco-2 and SW-480 cells. In summary, our results suggest
that silencing of ATAD2 inhibits migration and invasion of colorectal cancer cells by suppressing EMT and decreasing the
activity of MMPs. Hence, ATAD2 could be considered as a novel molecular marker of metastatic colorectal cancer, and it
may provide new insights for clinical diagnosis and treatment of colorectal cancer.
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Colorectal cancer is the third most common malignant
tumor in the world, with annually 1.2 million new cases and
over 0.6 million deaths [1]. The etiology of colorectal cancer
includes dietary habit, chronic colorectal inflammation,
genetic factors, parasite infection and environmental factors
[2]. At present, the main treatment strategy for colorectal
cancer is surgical resection combined with radiotherapy and
chemotherapy [3, 4]. Similar to other malignant tumors,
distant metastasis and postoperative recurrence of colorectal
cancer is a serious problem. Colorectal cancer cells not only
invade the surrounding tissues and organs, but also migrate
to lymph nodes and distant organs through lymph and blood
circulation, resulting in incurability and death [5]. Therefore,
it is of great clinical significance to study the functions of the
Abbreviations: ATAD2 – ATPase family AAA domain-containing protein 2; RNAi – RNA interference; MMPs – matrix metalloproteinases; EMT
– epithelial-mesenchymal transition; ANCCA – AAA nuclear coregulator
cancer-associated protein; AR – androgen receptor; ER – estrogen receptor

genes that are involved in the oncogenesis, progression and
metastasis of colorectal cancer.
ATPase family AAA domain-containing protein 2 (ATAD2), belonging to the ATPase family, contains an AAA
(ATPase associated with various activities) domain and
a bromodomain [6]. The AAA domain endows the protein
with an unusually strong ATPase activity [7], and the AAA+
proteins have been demonstrated to play vital roles in various biological processes via ATPase-driven remodeling of
macromolecular complexes [8]. The bromodomain is a highly
conserved functional domain that specifically identifies
acetylated lysine in histone or non-histone proteins. It controls
the assembly of chromatin and regulates gene transcription by
altering the acetylation status of histone. On the other hand,
it modulates cell cycle, differentiation, signal transduction
and other biological activities by modifying non-histone
acetylation [6, 9]. It has been reported that ATAD2, which
is highly expressed in a variety of tumors, promotes tumor
growth and metastasis, and leads to a poor prognosis in
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ovarian carcinomas [10], hepatocellular carcinoma [11] and
lung adenocarcinoma [12]. ATAD2 enhances carcinogenesis
of breast and prostate cancer through augmentation of estrogen receptor- and androgen receptor-mediated signaling [8,
13]. Moreover, ATAD2 coordinates with MYC by binding
to the specific E-box of MYC target genes, and accelerates
the progression of MYC-dependent tumors [14]. It has been
reported that ATAD2 is highly expressed in colorectal cancer
tissues [15], suggesting that ATAD2 may play a role in the
tumorigenesis and progression of colorectal cancer. In addition, a recent study revealed that high expression of ATAD2
was correlated with advanced clinicopathological features
and poor prognosis in colorectal cancer patients [16], yet the
underlying mechanism remains unclear.
In this study, we established stable knockdown of ATAD2
in colorectal cancer cell lines by RNA interference, and demonstrated that ATAD2 silencing inhibited the migration and
invasion of colorectal cancer cells. Moreover, ATAD2 silencing
led to downregulation of matrix metalloproteinases (MMPs)
and suppression of epithelial-mesenchymal transition (EMT).
Our findings may provide new perspectives on the tumorigenesis, progression and treatment of colorectal cancer.
Materials and methods
Plasmid construction. In order to silence the expression of
ATAD2, we designed a short hairpin RNA (shRNA) targeting
5’-GGCGATGGGTCATCAGTTA-3’ of ATAD2 open read-
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ing frame (ORF), and synthesized complementary strands of
the shRNA. After annealing, the sequence was inserted into
pRNA-H1.1 vector (BamHI+HindIII). An irrelevant scramble
sequence was synthesized and inserted into pRNA-H1.1 as
a negative control (NC). After being verified by sequencing,
the knockdown plasmid pRNA-ATAD2 shRNA and control
pRNA-NC were constructed. The sequences of ATAD2 shRNA
and NC are shown in Table 1.
Cell culture, transfection and establishment of stable
knockdown cell lines. Colorectal cancer cell lines Caco-2 and
SW-480 were purchased from Shanghai Cell Bank of Chinese
Academy of Sciences. The cells were cultured in DMEM
(Gibco BRL, Gaithersburg, MD, USA) supplemented with
10% fetal bovine serum (FBS) (Hyclone, Logan, UT, USA),
100 U/ml penicillin, 100 µg/ml streptomycin (Beyotime,
Haimen, Jiangsu, China), and maintained at 37 °C in a humidified environment of 5% CO2. Caco-2 and SW-480 cells
were seeded in 6-well plates at a density of 3×105/well, and
transfected with pRNA-NC or pRNA-ATAD2 shRNA plasmid
using Lipofectamine 2000 reagent (Invitrogen, Carlsbad, CA,
USA). 24 h later, G418 (100 µg/ml) (Invitrogen) was added
into the medium to screen stably transfected cells. The G418+
medium was refreshed every two days, until stable cell clones
were obtained.
RNA extraction, reverse transcription and real-time
PCR. Total RNA was extracted using total RNA rapid
extraction kit (BioTeke, Beijing, China) according to the manufacturer’s protocol. After measuring the concentration, the

Table 1. Sequences of shRNAs and real-time PCR primers.
Name

Sequence (5‘-3‘)

ATAD2 shRNA Sense
5‘-GATCCCCGGCGATGGGTCATCAGTTATTCAAGAGATAACTGATGACCCATCGCCTTTTT-3‘
ATAD2 shRNA Anti-sense
5‘-AGCTAAAAAGGCGATGGGTCATCAGTTATCTCTTGAATAACTGATGACCCATCGCCGGG-3‘
NC Sense
5‘-GATCCCCTTCTCCGAACGTGTCACGTTTCAAGAGAACGTGACACGTTCGGAGAATTTTT-3‘
NC Anti-sense
5‘-AGCTAAAAATTCTCCGAACGTGTCACGTTCTCTTGAAACGTGACACGTTCGGAGAAGGG-3‘
ATAD2 Forward
5‘-TGGGAAATAGTTGGACCGACAC-3‘
ATAD2 Reverse
5‘-TTCTGGCAAAGCGGAATGG-3‘
MMP2 Forward
5‘-TGCTGAAGGACACACTAAAG-3‘
MMP2 Reverse
5‘-GTAGCCAATGATCCTGTATGT-3‘
MMP9 Forward
5‘-CCAAAACTACTCGGAAGACTTGC-3‘
MMP9 Reverse
5‘-GCGACACCAAACTGGATGA-3‘
MMP13 Forward
5‘-CCTGGACAAGTAGTTCCAAAGG-3‘
MMP13 Reverse
5‘-AGGGATAAGGAAGGGTCACAT-3‘
E-cadherin Forward
5‘-GCCCTACCAGCCCAAAGTG-3‘
E-cadherin Reverse
5‘-CCGGTCAAACTGCCCATACT-3‘
Vimentin Forward
5‘-GACAGGCTTTAGCGAGTTATT-3‘
Vimentin Reverse
5‘-ACCGTTAGACCAGATTGATTC-3‘
Slug Forward
5‘GTTGCCATTGTTGAACTAAAGCC-3‘
Slug Reverse
5‘-CTCCTCCCCCAAGGCACATACT-3‘
Snail Forward
5‘-GCCCCACAGGACTTTGATGA-3‘
Snail Reverse
5‘-AGTGAGTCTGTCAGCCTTTGTC-3‘
β-actin Forward
5‘-CTTAGTTGCGTTACACCCTTTCTTG-3‘
β-actin Reverse
5‘-CTGTCACCTTCACCGTTCCAGTTT-3‘
ATAD2: ATPase family AAA domain-containing protein 2; NC: negative control; MMP: matrix metalloproteinase
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RNA was reversely transcribed into cDNA by M-MLV reverse
transcriptase (BioTeke) with oligo(dT) and random primers.
All reagents and instruments were pre-treated with RNase
Erasol (TIANDZ, Beijing, China).
The cDNA was subjected to real-time PCR using 2×power
Taq PCR MasterMix (BioTeke) and SYBR Green (Solarbio, Beijing, China) for quantitative analysis of ATAD2, E-cadherin,
Vinmentin, Slug, Snail, MMP2, MMP9 and MMP13 with
β-actin as the internal control. The PCR procedure was set as
follows: 95 °C for 10 min, followed by 40 cycles of 95 °C for
10 sec, 60 °C for 20 sec and 72 °C for 30 sec, and finally 4°C for
5 min. The data were calculated using the 2-ΔΔCt method. The
sequences of all primers used here are shown in Table 1.
Western blot. Cells were lysed with RIPA lysis buffer (Beyotime), and the proteins were separated by SDS-PAGE and
transferred to polyvinylidene difluoride (PVDF) membranes
(Millipore, Boston, MA, USA). After blocking with 5% skim
milk (YILI, Hohhot, Inner Mongolia, China), the PVDF
membranes were incubated at 4 °C overnight with one of the
following antibodies: rabbit anti-ATAD2 (1:1000) (Abcam,
Cambridge, UK), mouse anti-E-cadherin (1:400) (BOSTER,

Figure 1. Establishment of ATPase family AAA domain-containing protein 2 (ATAD2) silencing cell lines.
(A, B) Real-time PCR and western blot analysis were performed to confirm
the knockdown efficiency of ATAD2 shRNA in Caco-2 cells and SW-480
cells. (***P<0.001, ns: no significance)
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Wuhan, Hubei, China), rabbit anti-Vimentin (1:500) (Bioss,
Beijing, China), rabbit anti-Slug (1:500) (Bioss), rabbit anti-Snail
(1:500) (Bioss), rabbit anti-MMP2 (1:400) (BOSTER), mouse
anti-MMP9 (1:400) (BOSTER), and rabbit anti-MMP13 (1:400)
(BOSTER). After rinsing with TBST, the membranes were
incubated with the corresponding secondary antibodies (goat
anti-rabbit or goat anti-mouse IgG-HRP) (1:5000) (Beyotime)
at 37 °C for 45 min, followed by exposure with the ECL reagent
(7sea, Shanghai, China). Thereafter, all antibodies were removed
from the membranes by the stripping buffer (Beyotime), and
the membranes were incubated with rabbit anti-β-actin (1:1000)
(Santa Cruz, CA, USA) and goat anti-rabbit IgG-HRP (1:5000)
(Beyotime) to detect the internal control, β-actin.
In vitro scratch assay. In vitro scratch assay was performed to test the migration potential of ATAD2-silenced
cells. Cells were pre-treated with mitomycin C (1 µg/ml)
(Sigma, St. Louis, MO, USA) for 1 h in serum-free medium.
Scratch wounds were generated with a 200 µl pipette tip. The
gap distance of each scratch wound was photographed and
measured at 0 h, 24 h and 48 h after scratching. The cells were
cultured in serum-free medium during the entire course of
the scratch assay.
In vitro invasion assay. In vitro invasion assay was performed with Matrigel-coated transwell chambers comprising
of a polycarbonate membrane with a pore size of 8 µM (Corning, NY, USA). Prior to the assay, 40 µl of 2.5 mg/ml Matrigel
(BD, Franklin Lakes, NJ, USA) was added onto the membrane
of a transwell upper chamber which sat in a well of a 24-well
plate, and the Matrigel was allowed solidify at 37°C. Cells were
trypsinized, counted and resuspended in serum-free medium.
A total of 200 µl cell suspension (2×105 cells) were added into
the upper chamber and 800 µl DMEM with 20% FBS was
added into the lower well. After 24 h culture, the cells on the
membrane were fixed in 4% paraformaldehyde (Sinopharm,
Beijing, China) for 20 min and stained with 0.5% crystal violet
(Amresco, Solon, OH, USA) for 5 min. The cells on the upper
surface of the membrane were wiped off, and the cells on the
lower surface were counted under an inverted phase contrast
microscope (Motic, Xiamen, Fujian, China).
Gelatin zymography. Gelatin zymography was performed
to detect the enzymatic activity of MMPs. Culture supernatant
was collected and subjected to 10% SDS-PAGE containing
1 mg/ml gelatin (Sigma). Subsequently, the gel was rinsed in
the eluant buffer for 40 min twice and in washing buffer for
20 min twice at room temperature to remove SDS, and incubated in the developing buffer at 37 °C for 40 h. After staining
with Coomassie Blue for 3 h at room temperature, the gel was
destained with destaining buffer A (30% methyl alcohol, 10%
acetic acid) for 0.5 h, B (20% methyl alcohol, 10 acetic acid)
for 1 h and C (10% methyl alcohol, 5% acetic acid) for 2 h at
room temperature. Finally, the optical density of the band
was analyzed by imaging and analyzing system (WD-9413B,
LIUYI, Beijing, China).
Immunofluorescence assay. Cells were seeded on glass
slides in advance. When the confluence reached 80-90%, the
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cells were fixed in 4% paraformaldehyde (Sinopharm) for 15
min, and penetrated with 0.1% TritonX-100 (Amresco) for
30 min. After blocking with 10% goat serum (Solarbio), the
cells were incubated with a rabbit primary antibody against
E-cadherin (1:200) (BOSTER) or Vimentin (1:200) (Bioss) at
4°C overnight. Subsequently, the cells were incubated with
a Cy3-conjugated secondary antibody (1:200) (Beyotime) for
1 h in the dark at room temperature. After counter-stained
with DAPI, the cells were mounted in the presence of anti
fluorescence quenching agent (Solarbio), and photographed
by a fluorescence microscope (Olympus, Tokyo, Japan).
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Statistical analysis. The data were presented as mean ± SD
of three independent experiments. The differences among the
groups were analyzed by one-way ANOVA test. It was considered statistically significant when P<0.05. (*P<0.05, **P<0.01,
***P<0.001, ns: no significance)
Results
Establishment of ATAD2 silencing cell lines. To investigate the functions of ATAD2 in colorectal cancer, we
constructed an ATAD2 knockdown plasmid pRNA-ATAD2

Figure 2. Silencing of ATAD2 inhibits migration and invasion of colorectal cancer cells.
(A-D) Scratch assay was performed to assess the migration potential in Caco-2 and SW-480 cells. (B, D) The representative horizons of the scratch
wounds in Caco-2 and SW-480 monolayers. The scale bars represent 100 μm. (E, F) Transwell assay was performed to detect effect of ATAD2 silencing
on the invasion of Caco-2 cells and SW-480 cells. (*P<0.05, **P<0.01, ***P<0.001, ns: no significance)
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shRNA and a control plasmid pRNA-NC. The plasmids were
transfected into Caco-2 and SW-480 cells. By screening with
G418, we obtained 4 stably transfected cell lines: Caco-2/
pRNA-NC, Caco-2/pRNA-ATAD2 shRNA, SW-480/pRNANC and SW-480/pRNA-ATAD2 shRNA. Next, the silencing
efficiency of pRNA-ATAD2 shRNA was determined by
real-time PCR and western blot. Compared to the pRNANC-transfected cells, pRNA-ATAD2 shRNA led to reduction
of ATAD2 mRNA by 71% in Caco-2 cells and by 74% in
SW-480 cells (Figure 1A), as well as reduction of ATAD2
protein by 78% in Caco-2 cells and by 46% in SW-480 cells
(Figure 1B). The silencing efficiency of ATAD2 silencing
was sufficient in both Caco-2 cells and SW-480 cells for the
subsequent experiments.
Silencing of ATAD2 inhibits migration and invasion of
colorectal cancer cells in vitro. To explore the role of ATAD2
in the migration and invasion of colorectal cancer cells, in vitro
scratch assay and transwell assay were carried out. Scratch
assay results showed that silencing of ATAD2 decreased the
rate of migrating Caco-2 cells by 37% and 35% in 24h and 48h,
respectively (Figure 2A, 2B), and also decreased the migration
rate by 56% and 41% in 24 h and 48 h, respectively, in SW-480
cells (Figure 2C, 2D). Transwell assay indicated that silencing
of ATAD2 reduced the number of invading Caco-2 cells and
SW-480 cells by 27% and 46%, respectively, as compared with
NC (Figure 2E, 2F). These results demonstrated that silenc-
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ing of ATAD2 inhibited migration and invasion of colorectal
cancer cells in vitro.
Silencing of ATAD2 suppresses EMT in colorectal
cancer cells. Since enhanced tumor cell migration and invasion is frequently associated with EMT, we next explored
if ATAD2 was involved in the EMT process in colorectal
cancer cells. Currently, EMT is usually assessed by a group
of epithelial and mesenchymal markers, the expression
levels of which are markedly altered during EMT. Here, we
tested the expression of an epithelial marker E-cadherin,
and a number of mesenchymal markers including Vimentin,
Slug and Snail.
Real-time PCR results indicated that silencing of ATAD2
increased the level of E-cadherin mRNA level by 2.77 folds
(Figure 3A), and decreased the mRNA of Vimentin by 50%
(Figure 3B), Slug by 46% (Figure 3C) and Snail by 41%
(Figure 3D) in Caco-2 cells. At the same time, western blot
results showed that silencing of ATAD2 increased the level
of E-cadherin protein by 2.54 folds (Figure 4A), and decreased protein level of Vimentin by 45% (Figure 4B), Slug
by 37% (Figure 4C) and Snail by 59% in Caco-2 cells (Figure
4D). Similar results were obtained in SW-480 cells (Figure
3, Figure 4). Moreover, immunofluorescence assay further
demonstrated that silencing of ATAD2 upregulated the expression of E-cadherin and downregulated the expression of
Vimentin in Caco-2 and SW-480 cells (Figure 5A-D). These

Figure 3. ATAD2 regulates transcription of molecular markers of epithelial-mesenchymal transition (EMT).
(A-D) Real-time PCR was performed to detect the mRNA levels of E-cadherin, Vimentin, Slug and Snail in Caco-2 cells and SW-480 cells with or without
ATAD2 silencing. (**P<0.01, ***P<0.001, ns: no significance)
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results suggested that silencing of ATAD2 suppressed EMT
in colorectal cancer cells.
Silencing of ATAD2 reduces expression and enzymatic
activity of MMPs in colorectal cancer cells. MMPs are
required during cell invasion to dismantle the extracellular
matrix for penetration through the endothelium [17]. Since
the previous results had shown the impact of ATAD2 on
the invasion of colorectal cancer cells, we next detected if
ATAD2 affected the expression and/or the enzymatic activity of MMPs.
Real-time PCR and western blot results revealed that, when
ATAD2 was silenced in Caco-2 cells, the mRNA levels of
MMP2, MMP9 and MMP13 decreased by 33%, 54% and 57%,
respectively (Figure 6A, 6C, 6E), and their protein levels decreased by 63%, 61% and 57%, respectively (Figure 6B, 6D, 6F).
Consistent declines in the mRNA and protein levels of MMPs
were observed in SW-480 cells (Figure 6A-F). In addition,
gelatin zymography was performed to evaluate the enzymatic
activity of MMP9 and MMP2. As shown in Figure 7, the enzymatic activity of MMP9 decreased by 48% in Caco-2 cells
and by 71% in SW-480 cells as a results of ATAD2 silencing.
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Similarly, ATAD2 silencing decreased the enzymatic activity
of MMP2 by 64% and 73% in Caco-2 and SW-480 cells, respectively (Figure7A, 7B). Thus we concluded that silencing of
ATAD2 downregulated the expression of MMPs and reduced
their enzymatic activity in colorectal cancer cells.
Discussion
ATAD2, also known as AAA nuclear coregulator cancerassociated protein (ANCCA), has been previously reported as
an oncogene that is related to the tumorigenesis, progression and
poor prognosis of a variety of tumors like breast cancer, hepatocellular carcinoma and osteosarcoma [18-20]. In this study,
we established ATAD2 knockdown cell lines by RNA interference, and found that silencing of ATAD2 expression inhibited
migration and invasion, suppressed EMT, and decreased MMPs
expression and activity in Caco-2 and SW-480 cells.
The potential of migration and invasion is associated with
the malignant degree of tumor cells, and it is a crucial reason
for incurability and high mortality of malignant tumors, including colorectal cancer, as compared with benign tumors.

Figure 4. Silencing of ATAD2 alters the expression of EMT markers.
(A-D) Western blot was performed to measure the protein expression of E-cadherin, Vimentin, Slug and Snail in ATAD2-silenced Caco-2 and SW-480
cells. (**P<0.01, ***P<0.001, ns: no significance)
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Tumor cells in the primary lesion invade vascular endothelium
or lymphatic vessels, travel to distant organs or tissues via
peripheral circulation, and propagate there to form metastatic
tumors. Malignant tumor cells of a higher degree usually have
a stronger potential in migration and invasion. In our study,
the in vitro scratch assay and transwell assay demonstrated
that silencing of ATAD2 weakened the capacity of migration
and invasion in Caco-2 and SW-480 cells, which is consist
with the findings in hepatocellular carcinoma [11] and cervical cancer [21].
The migration and invasion of epithelial tumor cells are
usually achieved by EMT. During EMT, E-cadherin is replaced by N-cadherin, and keratin cytoskeleton is replaced by
Vimentin cytoskeleton. In the meanwhile, cells lose polarity,
and the adhesion junctions of cell-cell and cell-basement
membrane are disrupted, thus the transformed tumor cells
are prone to move [22]. Several transcription factors, such
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as Snail, Slug, Zeb-1 and Twist, are upregulated during EMT
[23]. Moreover, MMPs are secreted to dissolve the extracellular matrix, facilitating the tumor cells to penetrate through
the endothelium [24-26]. Via migration and invasion, one
primary tumor could spread to several organs and form
multiple metastases. Colorectal cancer, for example, may form
liver metastasis [27], lung metastasis [28], bone metastasis
[29] and lymph node metastasis [30]. It has been reported
that ATAD2 is highly expressed in colorectal cancer, and it
is associated with liver metastasis, lymph node metastasis
and poor prognosis of colorectal cancer patients [16]. In our
study, we detected the expression of epithelial and mesenchymal markers (E-cadherin, Vimentin, Slug and Snail) in
Caco-2 and SW-480 cells, and found that E-cadherin was
increased, whereas Vimentin, Slug and Snail were decreased
after knockdown of ATAD2, which represented a suppressed
EMT. In addition, we examined the expression and activity of

Figure 5. Immunofluorescence assay of EMT markers.
(A, B) E-cadherin and (C, D) Vimentin were examined by immunofluorescence assay to examine the EMT progress in ATAD2-silenced Caco-2 and
SW-480 cells. The scale bars represent 50 μm.
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Figure 6. Silencing of ATAD2 downregulates the expression of matrix metalloproteinase (MMPs).
(A, C, E) Real-time PCR was performed to detect the mRNA levels of MMP2, MMP9 and MMP13 in Caco-2 cells and SW-480 cells with or without
ATAD2 knockdown. (B, D, F) Western blot was used to determine the protein levels of MMP2, MMP9 and MMP13 in Caco-2 and SW-480 cells with or
without ATAD2 silencing. (**P<0.01, ***P<0.001, ns: no significance)

Figure 7. Silencing of ATAD2 reduces enzymatic activity of MMPs.
(A, B) Gelatin zymography was performed to detect the enzymatic activity of MMP2 and MMP9 in Caco-2 and SW-480 cells after ATAD2silencing.
(***P<0.001, ns: no significance)
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MMPs, and showed that ATAD2 silencing led to depressed
expression and enzymatic activity of MMPs. This may explain
how ATAD2 regulates colorectal cancer metastasis.
Previous studies have reported different molecular mechanisms through which ATAD2 influences the development
of various tumors. For example, ATAD2 directly interacts
with E2Fs, and activates the transcription of key cell cycle
genes resulted in accelerated proliferation of breast cancer
cells [31]. In prostate cancer, ATAD2 interacts with androgen
receptor (AR), and augments transcriptional activation of
androgen-stimulated genes, which favors cancer cells survival
and proliferation [13]. ATAD2 is also required for estrogen
receptor (ER) α-activated transcription of target genes in
breast cancer cells [8]. In this study, we report for the first time
that ATAD2 promotes metastasis of colorectal cancer cells by
regulating EMT, migration and MMPs-mediated invasion.
All the detected EMT markers in this study were changed
in both mRNA and protein levels in response to ATAD2
silencing, suggesting that ATAD2 may function at the
transcriptional level. Comprising of an AAA domain and
a bromodomain, ATAD2 is enabled to identify histone
acetylation and participate in chromosomal remodeling and
gene transcription [6, 32]. ATAD2 is adjacent to MYC, and
they are both mapped to chromosome 8q24, a most commonly amplified region in many types of cancer [33]. MYC is
a well-known oncogene, which is often activated and amplified by chromosomal translocation [34-36]. ATAD2, in close
proximity to MYC, is essential to MYC-dependent tumors by
binding to the E-box of MYC target genes [37]. Therefore, the
pro-metastatic function of ATAD2 is likely to be related to
MYC and its target genes, yet the detail molecular mechanism
needs to be elucidated in further studies.
In conclusion, we demonstrated that silencing of ATAD2
inhibited migration and invasion of colorectal cancer cells
by suppressing EMT, downregulating MMPs expression
and weakening their activity, which may illuminate the prometastatic function of ATAD2 in colorectal cancer. We report,
for the first time, the mechanism underlying the positive role
of ATAD2 in the migration and invasion of colorectal cancer
cells, and our study may provide new insights into the tumorigenesis and metastasis of colorectal cancer.
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