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Transcriptional adaptor 3 influences the proliferative and invasive phenotypes 
of non-small cell lung cancer cells via regulating EMT 
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Transcriptional adaptor 3 (TADA3/ADA3) is a conserved transcriptional co-activator and is dysregulated in many 
aggressive tumors. However, the role of TADA3 in non-small cell lung cancer (NSCLC) remains unknown. It was previ-
ously demonstrated that TADA3 expression correlates with poor prognosis in patients with NSCLC. In the present study, 
the expression and function of TADA3 were investigated in cells in vitro and in vivo. TADA3 expression was evaluated in 
clinical specimens and cell lines using reverse transcription-quantitative PCR and western blot analysis. The TADA3 protein 
level was significantly higher in human NSCLC specimens compared with matched normal tissues. In human NSCLC 
cell lines, short hairpin RNA-mediated silencing of TADA3 suppressed their proliferative, migratory and invasive abilities 
in vitro, and delayed G1 to S phase progression through the cell cycle. Consistent with this, TADA3 silencing increased 
expression of the epithelial marker E-cadherin and reduced expression of the mesenchymal markers, N-cadherin, Vimentin, 
Snail, and Slug. To verify the effect of TADA3 on tumor formation and growth in vivo, a mouse tumor xenograft model was 
established. TADA3 silencing slowed the growth of NSCLC tumor xenografts in nude mice, and excised tumors showed a 
similarly altered pattern of epithelial-mesenchymal transition (EMT) marker expression. The present results demonstrated 
the significance of TADA3 in regulating the growth and metastasis of NSCLC and may provide a theoretical basis for early 
diagnosis and targeted therapy of NSCLC. 
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Lung cancer is the leading cause of cancer-related deaths 
worldwide [1], with ~1.4 million deaths annually. Lung 
cancer can be classified into small cell and non-small cell 
lung cancer (NSCLC) based on histological features [2, 3]. In 
total, ~85% of cases are NSCLC, making it one of the most 
common malignant diseases. More than one-half of patients 
with NSCLC have distant metastasis at diagnosis, which 
leads to the majority of human cancer-associated mortalities 
[4–6], and the 5-year overall survival rate is <15% [7]. There-
fore, there is an urgent need to understand the underlying 
molecular mechanisms that control the proliferative and 
metastatic phenotypes of NSCLC cells.

Alteration/deficiency in activation (ADA), the human 
homolog of the yeast transcriptional co-activator NGG1, 
is a multifunctional protein that participates in a myriad 
of biological processes, including embryonic development, 
cellular proliferation, chromatin remodeling, cellular senes-
cence, and DNA damage response. The discovery and desig-
nation of yeast ADA3 as a transcriptional co-activator were 

originally reported in 1992 [8]. ADA3 contains two function-
ally non-overlapping domains that facilitate its function 
as a component of histone acetyltransferases (HATs) and 
transcriptional regulators. The amino-terminal region is 
required to bind with protein complexes at the upstream 
activation sequences, and the carboxyl-terminal region is 
required for recruiting ADA2 and histone acetyltransferase 
GCN5 (GCN5) complexes in HATs [9–11]. The ternary 
complex of ADA2, ADA3, and GCN5 forms a catalytic core 
in HAT complexes, and ADA3 is a pivotal member of HAT 
complexes in mammals, including PCAF, GCN5, and p300/
CBP, similar to NGG1 [12–14]. Epithelial-mesenchymal 
transition (EMT) is a process by which epithelial cells acquire 
a mesenchymal phenotype with increased invasive properties 
[15]. During EMT, genes encoding epithelial cell junction 
proteins, such as E-cadherin (E-Cad), are downregulated, 
whereas genes encoding proteins that promote mesenchymal 
adhesion, such as Vimentin (VIM), N-cadherin (N-Cad), 
Snail, and Slug (SNAIL+SLUG) are upregulated [16, 17]. A 
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number of previous studies found that EMT plays a critical 
role in promoting metastasis of epithelial carcinomas by 
conferring the potential to invade adjacent tissues and 
migrate to distant organs [18–22].

In our previous study, a tissue microarray immunohisto-
chemical assay was performed and NSCLC samples showed 
predominantly cytoplasmic and nuclear locations [23]. 
Additionally, it was identified that TADA3 is an indepen-
dent risk factor for the prognosis of patients. In the present 
study, TADA3 expression in clinical NSCLC specimens and 
cell lines was examined, and its biological functions in loss-
of-function experiments were investigated to explore its 
involvement in the process of epithelial interstitial transfor-
mation. The present study may provide a new potential target 
for NSCLC and a theoretical basis for subsequent studies.

Patients and methods

Human tissue specimens. Eight pairs of matched 
tumorous, adjacent normal fresh tissues were collected 
from NSCLC patients in the Affiliated Hospital of Nantong 
University, frozen in liquid nitrogen at the time of surgery, 
and stored at -80 °C. The tissue microarray was derived from 
the Biobank of the Affiliated Hospital of Nantong University. 
The study protocol was approved by the Human Research 
Ethics Committee of the Affiliated Hospital of Nantong 
University (Ethics approval number: 2018-K020), Jiangsu 
Province, China. Written informed consent was provided by 
all participants.

Cell lines and cell culture. The human NSCLC cell lines 
A549, NCI-H1299, NCI-H1650, and NCI-H1975 were 
obtained from ScienCell (Carlsbad, CA, USA). Cells were 
maintained in RPMI-1640 medium (Gibco, USA) supple-
mented with 10% fetal bovine serum (FBS), 2 mM L-gluta-
mine, and 100 U/ml penicillin/streptomycin, and were 
cultured in a humidified 5% CO2 atmosphere at 37 °C. The 
cells used in the experiment were third to seventh genera-
tions after thawing. Cell identification and mycoplasma 
testing reports are provided by the institution where the cell 
lines were purchased. All experiments were performed with 
exponentially growing cells.

Multiplex fluorescent immunohistochemistry (mIHC) 
staining and imaging. The tissue microarray blocks 
were baked at 65 °C, dewaxed with xylene, and hydrated 
with ethanol. After antigen retrieval with a microwave 
and blocking, the slides were incubated with the primary 
and secondary antibodies. The signal was amplified by 
fluorescent-labeled TSA (tyrosine signal amplification, 
Akoya Biosciences, USA), and the primary and secondary 
antibodies were removed by a microwave. The above steps 
from blocking to removal were repeated and the slides were 
then dyed with Fluoroshield Mounting Medium containing 
DAPI (F6057, Sigma, USA). Imaging was performed using 
the Vectra multispectral imaging system (version 3.0, Perki-
nElmer, USA).

The primary antibody used in this study was anti-ADA3L 
(ab181984, Abcam, Cambridge, UK), and the secondary 
antibody was OpalTM poly HRP Ms+Rb (ARH1001EA, Perkin 
Elmer, China). Fluoroshield with DAPI (F6057, Sigma) was 
used to stain nuclei and seal the slices.

Cell growth and viability assay. Cells were seeded in 
96-well plates at 3×103 cells/well and analyzed for viability 
and growth using a Cell Counting Kit-8 (CCK-8, Beyotime 
Institute of Biotechnology, Shanghai, China) according to the 
manufacturer’s protocol. At each time point (24–96 h), 10 μl 
of CCK-8 solution was added to each well and the plates were 
incubated for 1.5 h at 37 °C. The absorbance at 450 nm was 
then measured in a microplate spectrophotometer (Synergy 
HT, BioTek, USA).

Cell migration and invasion assays. These assays were 
performed using Transwell chambers (353097, Falcon, USA). 
For the invasion assay, the inserts were pre-coated on the 
upper surface with Matrigel (BD Biosciences, San Jose, CA, 
USA) according to the manufacturer’s instructions. After 4 h, 
5×104 cells were added to the upper chamber in serum-free 
RPMI-1640 medium and the lower chamber was filled with 
0.6 ml RPMI-1640 containing 10% FBS as a chemoattractant. 
After 24 h incubation at 37 °C, the non-invading cells on the 
upper surface of the membrane were gently removed with 
a cotton swab, and the invading cells on the lower surface 
were fixed with 4% paraformaldehyde and stained with 0.3% 
crystal violet. To quantify invasion, five visual fields (magnifi-
cation ×200) per insert were randomly selected under a light 
microscope (Olympus, Japan) and the cells were counted. The 
experiments were repeated three times. To measure migra-
tion, the assay was performed in a similar manner, except the 
Matrigel coating step was omitted.

Wound-healing assay. Cell migration was also measured 
using a wound-healing assay. Parental, shControl, or 
shTADA3 A549 and H1299 cells were seeded in 6-well plates 
and cultured to 95% confluence. The cell monolayer was then 
gently scratched with a sterile pipette tip and detached cells 
were removed by washing once with PBS. Five random fields 
of cells were photographed and the plates were incubated for 
36 h and photographed again. The wound width was measured 
and the migration rate (MR) was calculated as MR=(D0–D1)/
D0, where D0 and D1 represent the wound width at 0 h and 
36 h, respectively. The ability of cell migration was detected by 
the percentage of reduction in wound gap.

Western blot analysis. Cells and tumor tissues were resus-
pended in lysis buffer (P0013B, Beyotime Institute of Biotech-
nology) containing 1% protease inhibitor (ST506, Beyotime 
Institute of Biotechnology). Protein concentrations in the 
homogenized lysates were measured using the BCA method 
(BL521A, Biosharp, China). Equal amounts of protein/sample 
were resolved by SDS-PAGE and then transferred to PVDF 
membranes (IPVH00010, Millipore Corporation, USA). The 
membranes were blocked in 5% fat-free milk and incubated 
overnight at 4 °C with the following primary antibodies: anti-
ADA3L (dilution 1:5000, ab181984, Abcam, Cambridge, 
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UK), anti-E-cadherin (1:10000, ab40772, Abcam), anti-
N-cadherin (1:5000, ab76011, Abcam), anti-Vimentin 
(1:2000, ab92547, Abcam), anti-Snail+Slug (1:2000, ab85936, 
Abcam), and anti-glyceraldehyde 3-phosphate dehydroge-
nase (GAPDH; 1:2000, AB0037, Abways). After washing, the 
membranes were incubated with horseradish peroxidase-
conjugated goat anti-rabbit IgG (1:2000, ab205718, Abcam) 
for 2 h at room temperature. The membranes were then 
washed again and protein signals were visualized using an 
ECL system (Bio-Rad, Hercules, CA, USA).

TADA3 silencing and generation of stable cell lines. Four 
short hairpin RNA sequences targeting human TADA3 used 
for loss-of-function studies and the sequences had no signifi-
cant sequence homology with any known gene were designed 
and obtained from Bioinshine (Shanghai, China). shRNA-1: 
sense 5’-GGTGACAGACGATTCCTGA-3’; shRNA-2: sense 
5’-CCCAAGAAGCAGAAACTGGAA-3’; shRNA-3: sense 
5’-CAGCCCAAGATCCAGGAATAT-3’; and shRNA-4: 
sense 5’-GCTGTGGCTGACAAGAAGAAA-3’. A negative 
control duplex (shControl, sense: 5’-TTCTCCGAACGTGT-
CACGT-3’) was also synthesized. The sequences were ligated 
into the PGPH1/GFP/puro vector and transfected into cells. 
Cells expressing shRNA were identified by monitoring GFP 
expression. For the selection of stable cell lines, the trans-
fected cells were grown in a medium containing puromycin 
(Beyotime Institute of Biotechnology) for 30 days, and 
isolated clones were selected.

RNA extraction and reverse transcription-quantitative 
PCR (RT-qPCR). Total RNA was extracted from cells with 
TRIzol reagent (Invitrogen, Carlsbad, CA, USA) and reverse 
transcribed using a RevertAid First Strand cDNA Synthesis 
Kit (Thermo Scientific, Vilnius, Lithuania) according to the 
suppliers’ instructions. The following primers for RT-PCR 
were purchased from Sangon (Shanghai, China): TADA3 
forward: 5’-AGATGGATGCCCCTTTGGTG-3’, TADA3 
reverse: 5’-AGGGCTTGTTCTGATTGCGA-3’; GAPDH 
forward: 5’-GGTAGACAAGTTTCCCTT-3’, GAPDH 
reverse: 5’-ATATGTTCTGGATGATTCT-3’. qPCR was 
performed using an ABI 7500 FAST Real-Time PCR System 
(Applied Biosystems, Carlsbad, CA, USA) and a SYBR Green 
Master Mix (Vazyme, Nanjing, China). The mRNA levels 
were quantified using the 2–∆∆Ct method after normalization 
to GAPDH mRNA.

Cell cycle analysis by flow cytometry. Cell cycle distribu-
tion was assessed by staining cells with the PI/RNase Staining 
Buffer (BD Biosciences). NSCLC cell lines were transfected 
with shControl or shTADA3 in 6-well plates and harvested 48 
h later. Cells were fixed with 70% ethanol and frozen at –20 °C 
until analysis. For analysis, the cells were collected, washed 
once with phosphate-buffered saline (PBS), and incubated in 
0.5 ml of staining buffer containing PI and RNase for 15 min 
at room temperature in the dark. Cells were analyzed using 
a BD FACSCalibur™ flow cytometer (BD Biosciences) and 
the proportions of cells in each phase of the cell cycle were 
counted and compared with ModFit LT software.

Tumorigenicity in nude mice. Parental, shControl, or 
shTADA3 A549 cells were injected subcutaneously (5×106 in 
100 µl PBS) into male BALB/c athymic nude mice (4 weeks 
of age) purchased from the Shanghai Experimental Animal 
Center, Chinese Academy of Sciences (Shanghai, China). 
After visible tumors had formed, tumor sizes were measured 
with vernier calipers every 3 days. The tumor volume was 
calculated as: V = width2 × length × 0.5. At the end of the 
experiment, tumors were excised. One portion of each tumor 
was fixed in 10% formalin and subjected to routine histo-
logical examination by a professional who was blinded to 
the tumor status; the remaining tumor portions were frozen 
at –80 °C for western blot analysis. All mouse experiments 
carried out in this project were following the NIH Guidelines 
with the ethical approval of the Administration Committee of 
Experimental Animals, Jiangsu Province, China (SYXK2017-
0046).

Statistical analysis. Data are shown as the mean ± SD 
from at least three experiments. Group differences were 
evaluated with paired Student’s t-test or ANOVA analysis. All 
analyses were completed with the GraphPad Prism software 
(version 6.01; GraphPad, La Jolla, CA, USA). The value of 
p<0.05 was considered statistically significant.

Results

TADA3 expression in NSCLC tissues and cell lines. 
To assess TADA3 protein expression in clinical specimens, 
western blot analysis of eight pairs of matched NSCLC and 
adjacent non-cancerous tissues was performed. As shown 
in Figures 1A and 1B, TADA3 was detected at significantly 
higher levels in all NSCLC tissues compared with normal 
lung tissues, which is consistent with the result of our 
previous research [23]. According to mIHC (Figure 1C), 
TADA3 protein was mainly expressed in the cytoplasm of 
lung cancer cells, and further proved its higher expression in 
cancer tissue.

For the in vitro analysis, four commonly employed NSCLC 
cell lines (A549, H1299, H1650, and H1975) were used. 
While the TADA3 protein and mRNA expression levels were 
detectable in all four lines, the highest levels were observed in 
H1299 and A549 cells (Figures 1D–1F). Therefore, these two 
lines were selected for more detailed loss-of-function experi-
ments.

To select a suitable TADA3-specific shRNA, H1299 cells 
were transfected with one of four different TADA3-specific 
shRNAs or a negative control shRNA and TADA3 expression 
was quantified by western blot analysis (Figures 1G, 1H) or 
RT-qPCR analysis (Figure 1I). These experiments identified 
shRNA-1 as being the most effective suppressor of TADA3 
mRNA and protein expression.

Silencing of TADA3 delays the cell cycle and inhibits the 
proliferation of NSCLC cells. The involvement of TADA3 in 
NSCLC cell proliferation was examined in vitro by a CCK-8 
assay. Compared with the expression of the control shRNA, 
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Figure 1. Expression of TADA3 in human NSCLC tissues and cell lines. A) Western blot analysis and B) quantification of TADA3 protein expression in 
eight pairs of matched normal human lung tissues (lanes labeled with ‘N’) and NSCLC tissues (lanes labeled with ‘T’). GAPDH was used as a loading 
control. *p<0.05 vs. the normal tissues. C) Representative images of mIHC which were stained by red (TADA3), blue (DAPI), green (CK). The upper 
two are adenocarcinoma tissues, the middle two are squamous cell carcinoma tissues, and the lower two are normal lung tissues. D) Western blot 
analysis and E) quantification of TADA3 protein expression in A549, H1299, H1650, and H1975 human NSCLC cell lines. G) Western blot analysis 
and H) relative quantification of TADA3 expression in H1299 cells expressing control shRNA or one of four TADA3-specific shRNAs (shRNA1-4). F, I) 
Reverse transcription-quantitative PCR analysis of TADA3 mRNA levels in the NSCLC cell lines treated as described in (D) and (G), respectively. Data 
are presented as the mean ± SD from three independent experiments. *p<0.001 vs. the negative control. NSCLC, non-small cell lung cancer; TADA3, 
alteration/deficiency in activation 3; shRNA, short hairpin RNA
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shTADA3 transfection markedly reduced the proliferation of 
all four NSCLC cell lines between 24 and 96 h (Figure 2A). To 
confirm these results, the percentage of cells in each phase of 
the cell cycle was analyzed by the flow cytometry analysis of 
PI-stained cells. The results showed that TADA3 knockdown 
caused an accumulation of cells in G0/G1 and a reduction of 
cells in the S phase, indicative of a delay in the G0/G1 to S 
transition in both H1299 (Figures 2B, 2D) and A549 (Figures 
2C, 2E) cells.

Silencing of TADA3 inhibits cell migration and 
invasion. As the development of migratory and invasive 
phenotypes is a pivotal step in the process of tumor metas-
tasis, the effect of TADA3 knockdown on these properties 
was assessed by wound-healing and Transwell assays. The 
results indicated that TADA3 knockdown significantly 
reduced A549 (Figures 3A, 3B) and H1299 (Figures 3C, 3D) 
cell migration. As shown in Figures 3E and 3F, Transwell 
migration assays further demonstrated the effect of TADA3 
on the migration of H1299 and A549 cells. Similarly, 
Matrigel invasion assays revealed a significant decrease 
in the invasive capacity of H1299 (Figure 3G) and A549 
(Figure 3H) cells expressing shTADA3 compared with 
shControl or parental cells.

TADA3 regulates EMT markers in vitro. EMT is a crucial 
event in tumorigenesis because epithelial cells lose traits such 
as cell-cell adhesion and polarity, and acquire a more motile 
mesenchymal phenotype. To determine whether suppres-
sion of TADA3 in NSCLC cells modulates the expression 
of typical EMT markers, their levels in parental, shControl-
expressing, and shTADA3-expressing A549 and H1299 cells 
were compared. Western blot analysis indicated that TADA3 
knockdown upregulated the expression of E-cadherin and 
downregulated the expression of Vimentin, N-cadherin, 
Snail, and Slug (Figure 4A). Quantification of the protein 
levels further demonstrated that TADA3 silencing signifi-
cantly altered the expression of the EMT markers (Figures 
4B, 4C), suggesting that this protein plays an important role 
in promoting metastasis-associated behavior.

Silencing of TADA3 inhibits tumorigenicity of NSCLC 
cells in vivo. To verify the significance of the in vitro obser-
vations, the effects of TADA3 knockdown on NSCLC 
tumor growth were examined in vivo. Parental, shControl-
expressing, and shTADA3-expressing A549 cell lines were 
injected subcutaneously into BALB/c nude mice to estab-
lish xenografts. The growth rate of xenografts formed from 
shTADA3-silenced cells grew at significantly slower rates 
than the tumors formed by control cells in vivo. Repression 
of TADA3 resulted in the development of markedly reduced 
tumor volumes than the normal and control groups, as 
presented in Figure 5A. The growth curves also showed that 
the tumor volume in the TADA3-silenced groups increased 
more smoothly compared with the normal and control 
mice (Figure 5B). The results demonstrated that TADA3 
showed a definite function in the onset and development 
of NSCLC in vivo.

Additionally, the expressions of metastasis-associated 
proteins in NSCLC tumors excised from mice were assessed. 
Consistent with the observations in the NSCLC cell lines 
grown in vitro, it was observed that the tumors derived from 
TADA3 knockdown cells expressed significantly higher levels 
of E-cadherin and significantly lower levels of N-cadherin, 
Vimentin, Snail, and Slug, compared with the parental or 
shControl cell lines (Figures 5C, 5D).

Discussion

Identification of molecular biomarkers for cancer, 
including NSCLC, is currently the subject of intense research. 
Such biomarkers are crucial for predicting the potential risk 
of disease recurrence and the prognosis of patients with 
cancer [24, 25]. The aim of the present study was to identify 
potential molecular markers for the early diagnosis and treat-
ment of NSCLC. It was previously demonstrated that a high 
expression of TADA3 protein was correlated with a poor 
prognosis in patients with NSCLC [23]. In the present study, 
the expression of TADA3 in NSCLC tissue samples was 
examined and it was identified that this protein was signifi-
cantly increased in cancer tissue compared with adjacent 
normal lung tissue.

Mirza et al. [26] proposed that predominant nuclear 
localization of ADA3 in breast cancer tissues correlates with 
the ER expression status and together can serve as helpful 
markers of prognosis, whereas predominant cytoplasmic 
localization of ADA3 correlates with ErbB2+/EGFR+ expres-
sion and together may be used as a better predictor of poor 
prognosis than the individual proteins. ADA3 plays a key role 
in recruiting ER and three HATs (p300, PCAF, and Gcn5) to 
the ER-responsive promoter pS2, and this may transactivate 
the downstream target genes [14]. It is noteworthy that the 
knockdown of ADA3 induces ER-mediated proliferation 
and reversion of the malignant phenotype of MCF-7 cells. 
ADA3 has been shown to interact with other various proteins 
associated with tumorigenesis, including HPV16 E6 protein 
[27, 28] and p53 [29, 30]. Additionally, a number of previous 
studies have identified alterations in ADA3 as contributing 
factors in diverse cancer types [31]. However, to the best of 
the authors’ knowledge, relatively few studies have investi-
gated the potential contribution of TADA3 to NSCLC.

Human ADA3 is a multifunctional protein, which is 
evolutionarily conserved and has diverse cellular functions, 
including proliferation [32], senescence [33], apoptosis [34], 
chromatin remodeling [10, 35], and genomic stability [36]. 
The present study demonstrated that TADA3 is crucial to 
the proliferation and invasion of NSCLC cells, which are key 
phenotypes in promoting the growth and metastasis of this 
tumor.

During mitosis, ADA3 is associated with centromere 
protein B (CENP-B); the knockdown of ADA3 reduces 
CENP-B binding to centromeres, suggesting a role for ADA3 
in regulating genomic stability and cell proliferation [32, 
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Figure 2. TADA3-mediated regulation of non-small cell lung cancer cell proliferation in vitro. A) Cell Counting Kit-8 proliferation assay of parental, 
shControl-expressing, and shTADA3-expressing A549, H1299, H1650, and H1975 cells over 96 h. B, C) Flow cytometric analysis and D, E) quantifica-
tion of the cell cycle distribution of parental, shControl-expressing, and shTADA3-expressing H1299 and A549 cells. Data are presented as the mean ± 
SD from three independent experiments. *p<0.05 vs. the negative control. TADA3, alteration/deficiency in activation 3; sh, short hairpin
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Figure 3. TADA3-mediated regulation of NSCLC cell migration and invasion, and expression of epithelial-mesenchymal transition markers in vitro. 
Representative images of the wound-healing assay of parental, shControl-expressing, and shTADA3-expressing (A) H1299 and (C) A549 cells. Magni-
fication, ×100. B, D) Wound width was measured and the MR was calculated as MR = (D0–D1)/D0, where D0 and D1 represent the wound width at 0 
and 36 h, respectively. Plotting histograms according to the percentage of reduction in wound gap. Representative images of transwell migration assays 
of parental, shControl-expressing, and shTADA3-expressing E) H1299 and F) A549 cells. Magnification, ×200. Quantification of the Matrigel invasion 
assays of parental, shControl-expressing, and shTADA3-expressing G) H1299 and H) A549 cells. Magnification, ×200. Data are presented as the mean 
± SD from three independent experiments. *p<0.01 vs. the negative control. TADA3, alteration/deficiency in activation 3; NSCLC, non-small cell lung 
cancer; MR, migration rate; sh, short hairpin

37]. Notably, a combined delayed progression of the cells 
from the G1 to S phase and from the G2/M to G1 phase is 
displayed in mouse embryonic fibroblasts from ADA3FL/
FL mice, supporting the involvement of ADA3 in cell cycle 
progression. A possible mechanism for this is the accumula-
tion of p27, which is controlled by Myc-dependent regula-
tion of S-phase kinase-associated protein 2 expression [38]. 
Furthermore, the loss of ADA2a and ADA3 negatively influ-
ences β-catenin-mediated proliferation [39]. Consistently, 
it was demonstrated that TADA3 may have a potential and 

significant role in promoting cell cycle progression in NSCLC 
cells in the present study.

To identify potential therapeutic targets for NSCLC, 
further understanding of the molecular mechanisms under-
lying invasion and metastasis is required. In the present 
study, the potential involvement of ADA3 in regulating EMT 
was investigated. E-cadherin is expressed in epithelial tissues 
and its absence may serve a key role in EMT [40, 41]. The 
expression of mesenchymal markers, such as N-cadherin, 
Snail, and Slug, was previously shown to correlate with poor 
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survival in patients with NSCLC [42–44]. In the present 
study, it was observed that silencing of TADA3 in NSCLC 
cells significantly altered the expression of EMT-related 
proteins, consistent with its effects on cell migration and 
invasion assays.

Overall, the expression level of TADA3 in NSCLC 
tissues is markedly higher compared with adjacent normal 
lung tissues. Loss-of-function analyses demonstrated that 
TADA3 promoted the proliferation, migration, and invasion 
of NSCLC cells. Notably, TADA3 facilitated metastasis of 
NSCLC cells by upregulating E-cadherin and downregu-
lating N-cadherin, Snail, and Slug. Collectively, these results 
provide insight into the potential carcinogenic role of TADA3 
in NSCLC.

There are still some limitations in our research, the number 
of tissue samples is small. However, we have confirmed that 
TADA3 is highly expressed in NSCLC tissues through a large 
sample of TMA-IHC analysis. We were dedicated to finding 

the basic functions of TADA3 in NSCLC in this study and 
in-depth research is worth further exploring.

As a transcriptional co-activator, ADA3 functions to 
increase RNA polymerase II-mediated gene transcrip-
tion by recruiting transcription factors or basal transcrip-
tion machinery to target gene promoters [45]. Co-activator 
proteins, generally only found in eukaryotes, are more 
complex than activators and require a more intricate and 
complicated mechanism for gene regulation [46–49]. Some 
co-activators, such as GCN5, p300, and CBP, have innate 
HAT activity and can directly participate in chromatin 
remodeling. Since ADA3 lacks a HAT domain, it will be 
interesting to determine which proteins it interacts with as a 
functional co-activator in NSCLC [47, 50].

Additional transcriptional activators have been found to 
be targets of the ADA3 co-activator function. The human 
papillomavirus (HPV) E6 protein targets ADA3 to inhibit its 
co-activator function for estrogen receptor (ER)-mediated 

Figure 4. TADA3-mediated regulation of expression of the EMT markers in vitro. A) Western blot analysis and B, C) quantification of the expression 
of the indicated EMT markers (E-Cad, N-Cad, VIM, and SNAIL+SLUG) in parental, shControl-expressing, and shTADA3-expressing H1299 and A549 
cells. Data are presented as the mean ± SD from three independent experiments. *p<0.01 vs. the negative control. TADA3, alteration/deficiency in 
activation 3; EMT, epithelial-mesenchymal transition; sh, short hairpin; E-Cad, E-cadherin; N-Cad, N-cadherin; VIM, vimentin
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transactivation and expression of ER target genes [51]. In 
breast cancer cells, ADA3 interacts with and transactivates 
ER-mediated downstream targets, and ADA3 knockdown in 
the ER+ breast cancer cell line MCF-7 reduced cell prolif-
eration as well as small colonies in Matrigel growth medium, 
indicating a critical role for ADA3 in recruiting HATs to the 
promoters of estrogen-responsive target genes and for the 
estrogen-dependent proliferation of breast cancer cells [14, 
52]. Notably, the predominant localization of ADA3 in the 
cytoplasm was found to be a marker of a poor prognosis in 
ER+, receptor tyrosine-protein kinase ErbB-2 (ErbB2)+/
epidermal growth factor receptor (EGFR)+ breast cancer 
[26]. Additionally, ADA3 has been shown to interact 
with ADA2a and β-catenin through its Armadillo repeat 
sequences 6–10 and C-terminal domain, thereby enhancing 
the transcriptional activity of the β-catenin response element 
LEF/TCF [39].

The development of cancer involves multiple genetic 
and epigenetic steps that transform normal cells into tumor 
cells. Given the multiple biological functions of TADA3, it 
is not surprising that it has become of increasing interest to 
cancer researchers. Further studies are necessary to explore 

Figure 5. TADA3-mediated regulation of non-small cell lung cancer tumorigenicity and expression of the EMT markers in a tumor xenograft model. A) 
Representative images and B) growth curves of tumors from nude mice injected with parental, shControl-expressing, and shTADA3-expressing A549 
cells. C) Western blot analysis and D) quantification of the indicated EMT markers (E-Cad, N-Cad, VIM, and SNAIL+SLUG) in parental, shControl-
expressing, and shTADA3-expressing A549 cells. Data are presented as the mean ± SD from three independent experiments. *p<0.05 vs. the negative 
control. TADA3, alteration/deficiency in activation 3; EMT, epithelial-mesenchymal transition; sh, short hairpin; E-Cad, E-cadherin; N-Cad, N-Cad-
herin; VIM, vimentin

the relationships between TADA3 and other transcriptional 
regulators involved in tumorigenesis. Further studies may 
aim to investigate the role of TADA3 in recruiting transcrip-
tion factors to promote the expression of tumorigenic genes, 
which may provide further insight into the therapeutic 
potential of TADA3.
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