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Introduction

In lung adenocarcinoma, non-small-cell lung cancer 
(NSCLC)-driver genes, such as epidermal growth factor 
receptor (EGFR), mutant Kirsten rat sarcoma virus (KRAS), 
and EML4-ALK, are critical driving forces of tumor pro-
gression. The most common abnormal genes in lung squa-
mous cell carcinoma are amplified FGFR1 and PI3KCA.1 
Anticancer drugs have been developed rapidly in recent 
years, and drugs targeting those driver genes (e.g. gefitinib, 

erlotinib, and crizotinib) are remarkably effective against 
specific types of lung cancer.2,3 Nevertheless, acquired drug 
resistance can occur and severely threaten NSCLC progno-
sis. Therefore, novel reliable molecular therapeutic targets 
are particularly urgent in lung cancer.

The tastin (also known as trophinin-associated protein, 
TROAP) gene encodes a proline-rich protein found in 
the cytoplasm.4 When tastin and trophinin (TRO) are co-
transfected, trophoblast cells gain the ability to adhere to 
endometrial cells.5 Their expression patterns are consistent 
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Impact Statement

Anticancer drugs have been developed rapidly in 
recent years, and agents targeting driver genes 
have shown great efficacy in treating specific types 
of lung cancer. Still, acquired drug resistance occurs 
and affects non-small-cell lung cancer (NSCLC) 
prognosis. Reliable molecular therapeutic targets 
are urgently needed in lung cancer. Tastin has been 
reported to be overexpressed in cancer, but related 
data in lung cancer are unavailable. This study sug-
gests that tastin expression is elevated in NSCLC 
and is correlated with a poorer prognosis. The 
results also showed tastin participates in NSCLC 
growth and invasion and might be a potential thera-
peutic target in NSCLC. Hence, tastin might be used 
as a potential biomarker of NSCLC progression. 
These data highlight tastin’s role in NSCLC occur-
rence and progression and provide a potential target 
for the development of new treatments for NSCLC.
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with embryo implantation, suggesting that they may induce 
embryonic cell proliferation and trophoblast cell invasion of 
the endometrium.6 Tastin forms a complex with TRO and 
bystin, participates in adhesion between trophoblast cells 
and endometrial cells, and mediates early embryo implan-
tation.7 However, only a few studies have reported the 
abundance of tastin in tumor tissues.8–10 Microarray analy-
sis indicated markedly elevated tastin gene expression in 
prostate cancer tissues compared with adjacent tissues, sug-
gesting an important role in tumorigenesis for tastin, which 
could be considered a prostate cancer-related antigen.11,12 
Tastin participates in the progression of prostate cancer.13 
It also drives hepatocellular carcinoma progression14 and is 
associated with its prognosis.4,15 Nevertheless, the function 
and underlying mechanisms of tastin in NSCLC have not 
been adequately investigated. Modulating tastin expression 
in gastric carcinoma could decrease cancer cell proliferation, 
migration, and invasion.16

Tastin’s function in embryo implantation is related to 
ErbB4 activation.17 ErbB4 (HER4) belongs to the EGFR fam-
ily and is considered to participate in tumorigenesis.18 The 
expression of ErbB4 is increased in breast, ovarian, and lung 
cancers.18,19 Under normal physiological conditions, the 
extracellular domain of ErbB4 is activated after binding to its 
ligand. The receptor dimerizes and autophosphorylates, acti-
vating downstream pathways, including Ras/Raf/MEK/
ERK and PI3K/AKT, which regulate cell differentiation, pro-
liferation, cycle, and apoptosis.20,21 In patients with NSCLC, 
ErbB4 overexpression leads to early metastasis and reduced 
response to chemotherapy.22 Moreover, the survival rate of 
patients with NSCLC and ErbB4 overexpression is signifi-
cantly reduced.18 A missense mutation in the ErbB4 gene was 
reported in NSCLC,23 which increases the autophosphoryla-
tion activity of ErbB4, resulting in ligand-independent acti-
vation, promoting the malignant transformation of normal 
cells and tumor cell proliferation.18

Therefore, tastin may be important in tumorigenesis, 
which may provide a basis for developing a new and effec-
tive treatment option for NSCLC. Therefore, this study ana-
lyzed multiple public databases and clinical NSCLC samples 
to determine tastin’s role in NSCLC and explore the under-
pinning mechanism.

Materials and methods

Gene Expression Omnibus database

Four Gene Expression Omnibus (GEO) datasets (GSE81089, 
GSE40419, GSE74706, and GSE19188) were downloaded 
(https://www.ncbi.nlm.nih.gov/geo/) with GEO query, as 
described previously.24 They included gene expression pro-
files for NSCLC and non-cancerous tissue specimens, and 
were selected to analyze the relative tastin mRNA expression 
levels.

Gene Expression Database of Normal and Tumor 
tissues database

The U133Plus2 chip type was selected for statistical analysis. 
The expression of Tastin in different tissues was compared 

using the GENT database (http://medical-genome.kribb.
re.kr/GENT/overview.php).

TCGA

To download gene expression quantification (n = 594) and 
overall survival data (n = 535) from the Genomic Data 
Commons portal (https://portal.gdc.cancer.gov/) and the 
Lung Adenocarcinoma (LUAD) cohort from the Cancer 
Genome Atlas (TCGA), a R/Bioconductor package called 
TCGAbiolinks25 was used. The Kaplan–Meier (KM) method 
was used for comparing overall survival in TCGA-LUAD 
between high- and low-tastin expression cases.

Cell culture

HEK293T, A549, and NCI-H226 cells were cultured in 
Dulbecco’s Modified Eagle Medium (DMEM) containing 
10% fetal bovine serum, sodium pyruvate (1 mM), and 
strepto mycin (100 mg/mL), from Gibco.

Western blot

Western blot was performed routinely (Supplementary 
Material). Primary antibodies targeted tastin (1:500), ErbB4 
(1:1000), p-ErbB4 (1:1000), ERK (1:1000), p-ERK (1:1000), AKT 
(1:1000), p-AKT (1:1000), E-Cadherin (1:1000), and GAPDH 
(1:1000) were provided by Santa Cruz Biotechnology; those 
raised against N-Cadherin (1:1000) and Vimentin (1:1000) 
were from Cell Signaling Technology. The bands were quan-
tified with the ImageJ software.

Immunohistochemistry

Immunohistochemistry was performed to detect tastin and 
Ki67 in specimens from paraffin sections (Supplementary 
Material). The primary antibodies were antihuman tastin and 
anti-Ki67 polyclonal antibodies (Novus Biologicals USA).

Real-time quantitative reverse transcription 
polymerase chain reaction

Real-time quantitative reverse transcription polymerase  
chain reaction (qRT-PCR) was carried out routinely 
(Supplementary Material). Primers were GAPDH, forward  
5′-TGACTTCAACAGCGACACCCA-3′ and reverse 5′-CAC 
CCTGTTGCTGTAGCCAAA-3′; tastin, forward 5′-TGCAG 
AAAACCACCGCTCAATA-3′ and reverse 5′-CCACCAA 
TCTTTGTGATGTCTCT-3′. The 2−ΔΔCt method was used for 
quantitation.

siRNA

According to the Primer Premier 5.0 software, a sequence 
was selected as an siRNA sequence for the Tastin gene: 
CCCGGCAAGCCACGAAGGATC. The siRNAs were pur-
chased from TsingKe BioTech (China).

Packaging, purification, and transfection of 
lentiviruses

The construction of the employed vectors is described in the 
Supplementary Material.

https://www.ncbi.nlm.nih.gov/geo/
http://medical-genome.kribb.re.kr/GENT/overview.php
http://medical-genome.kribb.re.kr/GENT/overview.php
https://portal.gdc.cancer.gov/
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Celigo automatic cell counting analyzer

The constructed recombinant plasmid contains the green 
fluorescence reporter gene (GFP). A Celigo automatic 
cell counting analyzer (Nexcelom) was used to capture 
and record fluorescent signals and assess the number of 
fluorescent cells that reflected cell growth. Cells in the 
shCtrl (empty vector) and shTastin (tastin-linked shRNA) 
groups were collected 72 h after infection with lentivi-
ruses. Afterward, 2 × 104 cells/mL were seeded on 96-well 
culture plates, with 100 μL/well. Then, green fluorescence 
signals in each well were detected at 24, 48, 72, 96, and 
120 h.

MTT assay

Cells in the shCtrl and shTastin groups were collected 72 h 
after infection with lentiviruses. The MTT assay was per-
formed routinely (Supplementary Material).

Colony formation assay

Cells in the shCtrl and shTastin groups were collected 72 h 
after infection with lentiviruses. A single-cell suspension 
(3 × 103 cells/mL) was seeded in 6-well culture plates at 
100 μL/well, with medium replacement at three-day inter-
vals. Following a 7- to 10-day culture, fixation was per-
formed with methanol (Sangon Biotech; 2 mL/well). After 
aspirating the fixative, 2–3 mL of Giemsa staining solution 
(Sangon Biotech) was added per well. After staining for 
2 h, blue colonies containing > 50 cells were counted in 
each well.

Flow cytometry

Cells in the shCtrl and shTastin groups were collected 72 h 
after infection with lentiviruses. Flow cytometry was per-
formed routinely (Supplementary Material). The data were 
analyzed with the Modfit LT V5.0 software for cell cycle 
distribution.

Wound-healing assay

A 12-well plate was used for plating. When the tumor cell 
confluence reached 80–90%, the medium was aspirated, and 
low-serum medium was added. A 10-μL pipette tip was used 
to make a line on the monolayer. The dish underwent two 
phosphate-buffered saline (PBS) washes, and imaging was 
performed under a microscope (Leica). The dish was then 
placed in an incubator. The dish was photographed at 12 and 
24 h. The ImageJ software was used to calculate tumor cell 
migration distance and rate.

Transwell assay

The Transwell assay was used for determining cell invasion 
(Supplementary Material).

Xenograft mouse model

Animals were purchased from GemPharmatech (Nanjing, 
China) and housed in a certified facility. Experiments 

involving animals had approval from the Institutional 
Animal Care and Use Committee (IACUC) of Anhui 
Medical University, following Association for Assessment 
and Accreditation of Laboratory Animal Care (AAALAC) 
guidelines. Two groups (shCtrl and shTastin, n = 9/each 
group) were established using A549 cells infected with 
shCtrl and shTastin, respectively. After one week of adap-
tive feeding with ad libitum chow and water, the animals 
underwent subcutaneous inoculation with negative virus-
infected A549 cells or tastin shRNA virus-infected A549 cells 
(106 cells/mouse) in the right axilla. After 7–10 days, most 
nude mice developed tumors of 5 mm in their right axilla. 
This was recorded as Day 0, and tumor volume measure-
ment was started. (1) The longest diameter of the tumor and 
(2) the diameter perpendicular to the longest diameter were 
measured using Vernier Calipers, and tumor volume was 
derived as (π/6) ab2. Tumor volumes were determined at 
three-day intervals, and experiments were terminated on 
Day 18. Animals were anesthetized intraperitoneally with 
0.7% pentobarbital and photographed. After euthanasia, 
tumor tissues were removed using surgical instruments and 
weighed and photographed. The relative tumor volume 
(RTV) was calculated as the ratio of the measured tumor 
volume for each animal to the tumor volume of the same 
animal at Day 0 (Table 2). The growth curve of the trans-
planted tumors was plotted for each group of animals and 
fitted using the Gompertz model y eb e ax= − −( )1  (y is RTV, x is 
time, and a and b are parameters) and the Origin software. 
Tumor growth time and tumor growth retardation time were 
calculated according to the Gompertz model. Tumor growth 
time (TGT5) was the number of days until RTV increased 
by five times. Tumor growth retardation time (TGD) was 
the difference in tumor growth time between the shTastin 
and shCtrl groups. The inhibition rates of the transplanted 
tumors were calculated based on tumor weight volume at 
the time of euthanasia. The graft tumor suppression rate 
was 1 minus tumor weight in the shTastin group divided by 
tumor weight in the shCtrl group. The animals were sacri-
ficed by CO2 asphyxiation, and the tumors were excised and 
weighed. Sections underwent hematoxylin and eosin stain-
ing and immunohistochemistry for Ki67 detection. Assays 
involving animals followed the National Institutes of Health 
Guide for the Care and Use of Laboratory Animals.

Ethical approval

In total, 30 lung adenocarcinoma and 25 lung squamous cell 
carcinoma cases treated from December 2018 to June 2019 
in the Pathology Department of the First Affiliated Hospital 
of Anhui Medical University were included. Patients with 
a history of other types of tumors or obvious organ dys-
function were excluded. The study had approval from the 
Institutional Review Board of Anhui Medical University 
(No. PJ2018-16-15). Each patient provided signed informed 
consent.

Statistical analysis

Microsoft Excel and GraphPad Prism were used for data 
analysis. Comparisons were carried out by the Student’s 
t-test, with P < 0.05 indicating statistical significance.
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Results

Tastin is upregulated in NSCLC

To profile tastin expression in tumor tissues, we analyzed 
multiple sets of RNAseq data in the GEO database. Tastin 
expression levels were markedly elevated in lung adeno-
carcinoma in comparison with non-cancerous lung tis-
sue (Table 1). Immunohistochemistry showed high tastin  
expression in lung adenocarcinoma and squamous cell car-
cinoma tissue specimens, mainly distributed in the cyto-
plasm (Figure 1(A)). Tastin amounts were lower in adjacent 
tissue specimens compared with tumor tissue specimens  
(Figure 1(A)). We next calculated H-scores in 30 lung 
adenocarcinoma patients and 25 pairs of lung squamous 
cell carcinoma tissues after immunohistochemistry. Tastin 
expression was significantly higher in lung adenocarci-
noma and squamous cell carcinoma tissue specimens in 
comparison with non-cancerous specimens, suggesting 
tastin might be related to the pathogenesis of lung tumors. 
Of the 30 pairs of lung adenocarcinoma samples, H-scores 
for tastin were higher in tumor tissue specimens in com-
parison with adjacent tissue samples in 23 pairs, account-
ing for 92.0%, including 11 (36.7%) that showed more than 
twofold upregulation (Figure 1(B)). Of the 25 pairs of lung 
squamous cell carcinoma samples, H-scores for tastin were 
also higher in tumor tissue specimens, with 9 pairs (36.0%) 
showing significant differences (Figure 1(C)). In agreement, 
tastin expression was markedly elevated in lung cancer in 

comparison with non-cancerous tissue specimens (Figure 
2(A)). Furthermore, KM analysis revealed that among 
lung adenocarcinoma cases, median survival times were 
41.2 and 54.2 months in the high- and low-tastin expres-
sion groups, respectively (Figure 2(B)), with statistical 
significance (P = 0.004, log-rank test statistics = 8.181). This 
suggested high tastin expression cases showed reduced 
survival time and a poor prognosis.

Tastin enhances NSCLC cell proliferation

We next examined tastin’s role in NSCLC cells. A549 (human 
lung adenocarcinoma) and NCI-H226 (squamous cell carci-
noma) cells were used to examine the role of tastin in cell  
proliferation by knocking down tastin (Figure 3(A) and (B)). 
In MTT assays, lung adenocarcinoma cells had markedly 
lower Optical Density (OD) values after tastin silencing 
compared with the control group (Figure 3(C)). In human 
lung squamous cells, similar findings were obtained (Figure 
3(D)). The above results indicated that knockdown of the tas-
tin gene decreased the proliferative ability of NSCLC cells. 
The tastin knockdown groups yielded significantly lower 
numbers of colonies than the control groups of A549 and 
NCI-H226 cells. Moreover, quantitative analysis showed an 
increased number of colonies formed after overexpressing the 
tastin gene. This indicated tastin exerted an inhibitory effect  
on the colony formation ability of human NSCLC cells 
(Figure 3(E)). In cell cycle distribution analysis, A549 cell 
amounts in G1 were increased after tastin knockdown, while 

Table 1. The expression of tastin in lung cancer and normal lung tissues.

Dataset No. Title Release 
time

Experimental design and samples Pulmonary adenocarcinoma 
compared with normal tissues, 
tastin expression increased fold

Corrected P value 
(Benjamini and 
Hochberg FDR method)

GSE81089 Next-generation 
sequencing (RNAseq) of 
NSCLC

2016.6 108 cases of lung adenocarcinoma, 67 
cases of lung squamous cell carcinoma, 
24 cases of large cell carcinoma,  
19 cases of normal lung tissue

6.06 ± 0.12 4.34 × 10−12

GSE74706 Transcriptome of human 
NSCLC tissues

2016.5 Paired design, 10 pairs of lung 
adenocarcinoma and adjacent 
tissues, 8 pairs of lung squamous cell 
carcinoma and adjacent tissues

9.99 ± 0.41 4.86 × 10−5

GSE40419 The transcriptional 
landscape and 
mutational profile of lung 
adenocarcinoma

2012.9 87 cases of lung adenocarcinoma,  
77 cases of adjacent tissue

3.76 ± 0.09 5.17 × 10−33

GSE19188 Expression data for early-
stage NSCLC

2010.5 45 cases of lung adenocarcinoma, 27 
cases of lung squamous cell carcinoma, 
19 cases of large cell carcinoma,  
65 cases of normal lung tissue

2.95 ± 0.06 3.12 × 10−20

NSCLC: non-small-cell lung cancer; FDR: false discovery rate.

Table 2. Tumor volume of A549 cell transplanted tumor model in nude mice (mm3).

Group Day 0 Day 3 Day 6 Day 9 Day 12 Day 15 Day 18

shCtrl 111.019
± 12.885

144.763
± 18.206

180.565
± 25.064

213.464
± 28.501

267.463
± 40.755

332.148
± 50.478

440.447
± 66.258

shTastin 63.162
± 11.959

74.323
± 11.195

82.769
± 14.906

92.194
± 15.371

102.765
± 18.871

116.316
± 27.542

127.378
± 30.903
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G2/M phase cells were markedly decreased (Figure 4(A)); 
however, there was no significant difference in S-phase cell 
amounts. The proportion of squamous cell carcinoma cells in 
G1 was also elevated, while that of S-phase cells were starkly 
lower (Figure 4(B)). There was no significant difference in 
G2/M phase cell rates. These results showed that in NSCLC 
cells with tastin silencing, cell cycle distribution is altered, 
with induced G1 arrest.

Tastin promotes NSCLC cell invasion and migration

Next, we examined whether the migratory ability of NSCLC 
cells would be regulated by tastin. In the wound-healing 
assay, tastin knockdown impaired migration in lung cancer 
cells. The migration rates in the tastin knockdown groups 
were markedly reduced in comparison with respective  
control groups of A549 cells at 12 and 24 h after scratching 

Figure 1. Tastin is upregulated in NSCLC. (A) Immunohistochemistry showing tastin expression in non-cancerous lung (left), lung adenocarcinoma (middle), and lung 
squamous cell carcinoma (right) tissue specimens. Scale bar: 400 μm. (B) Tastin H-scores in 30 pairs were markedly increased in lung adenocarcinoma compared 
with adjacent tissues. *P < 0.05. (C) Tastin H-scores in 25 pairs were increased in lung squamous cell carcinoma compared with adjacent tissue samples. *P < 0.05. 
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(Figure 5(A)). In NCI-H226 cells, migration rates after tastin 
silencing were also significantly decreased in comparison 
with control cells (Figure 5(B)). The above findings sug-
gested tastin might control the migratory ability of NSCLCs. 
We then examined the invasive ability of NSCLC cells after 
tastin silencing. The average numbers of A549 and NCI-
H226 cells invading the chamber per field of view were sig-
nificantly reduced in tastin knockdown cells compared with 
controls (Figure 5(C) and (D)). The above findings suggested 
decreased invasion in human lung cancer adenocarcinoma 
and squamous cell carcinoma cells after tastin silencing.

Tastin regulates PI3K/AKT and ERK1/2 signaling 
via ErbB4

To determine the downstream pathways that mediate the 
function of tastin in NSCLC cells, we screened the potential 

proteins interacting with tastin in STRING 10.0 (http://
version10.string-db.org/) and tastin was predicted to inter-
act with ErbB4 (Supplementary Figure S1). Therefore, we 
detected whether pathways downstream of the EGFR path-
way would be affected by tastin. After tastin silencing in 
A549 and NCI-H226 cells, phosphorylated ERK and AKT 
levels were decreased, indicating downregulated Ras/Raf/
MEK/ERK signaling and suggesting that the PI3K/AKT 
pathway was activated by tastin (Figure 6(A) to (D)). In addi-
tion, epithelial–mesenchymal transition (EMT) biomarkers 
were examined. As a result, N-cadherin and vimentin (mes-
enchymal markers) were decreased after tastin knockdown, 
while E-cadherin (epithelial marker) was increased, suggest-
ing that tastin might affect cell adhesion protein expression 
and thus participate in tumor cell invasion and migration 
(Figure 6(A)). These findings suggested tastin may induce 
MEK/ERK and PI3K/AKT pathway activation and partici-
pate in tumor cell invasion and migration.

Tastin promotes NSCLC growth in the mouse 
xenograft model

Then, we verified the effect of tastin on NSCLC cell growth 
in mice. To this end, nude mice were inoculated with con-
trol or tastin knockdown NSCLC cells subcutaneously. 
With time, tumor volumes in both groups increased. As 
expected, the volumes of the transplanted tumors were 
starkly larger in the control group compared with the tastin 
knockdown group (Figure 7(A) and (B)). Besides, the aver-
age weights of the transplanted tumors were smaller in the 
tastin knockdown group than control animals (Figure 7(C) 
and (D)). Figure 7(E) shows H&E staining and Ki67 analysis 
of the xenograft tumors; Ki67 expression appeared to be 
decreased in the tastin knockdown group. Taken together, 
the growth rate of A549 tumors was remarkably reduced 
after tastin silencing compared with control animals, sug-
gesting tastin promoted NSCLC growth in the mouse xeno-
graft model.

Clinical significance of tastin in lung 
adenocarcinoma

Next, the clinical relevance of tastin was examined by 
analyzing 30 lung adenocarcinoma cases and 25 lung 
squamous cell carcinoma specimens. H-scores for tas-
tin were significantly elevated in cases at a later NSCLC 
stage (Stages III–IV) compared with those at an earlier 
stage (Stages I–II). H-scores were significantly elevated in 
patients with distant metastasis (M1) compared with those 
without distant metastasis (M0) (Tables 3 and 4). Patients 
with high expression of the cell proliferation-related pro-
tein Ki-67 (⩾15%) showed starkly higher tastin levels 
compared with the low Ki-67 expression group (< 15%) 
(Tables 3 and 4).

Discussion

It was previously shown that elevated tastin (TROAP) 
independently predicts poor prognosis in liver cancer, 
based on overall survival data.15 Li et al. also revealed that 

Figure 2. Tastin expression in various tumors and its impact on survival.  
(A) Tastin expression in a variety of tumors and corresponding normal tissues. 
C: Red, N: Normal. (B) The association of tastin abundance with patient survival 
in lung adenocarcinoma was assessed by the KM method. *P = 0.05 versus 
8.181%. TROAP low expression (n = 284); TROAP high expression (n = 280).  

http://version10.string-db.org/
http://version10.string-db.org/
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tastin promotes breast cancer proliferation and metastasis. 
In cell culture assays, tastin silencing markedly reduced 
breast cancer cell proliferation and G1 to S progression, and 
migratory and invasive capabilities. The study indicated 
that tastin is essential in enhancing malignancy in breast 

cancer cells.26 In this study, tastin knockdown resulted 
in decreased EMT, reflected by E-cadherin, N-cadherin, 
and vimentin expression. In addition, a report applying 
multiple data fusion analyses demonstrated elevated tas-
tin amounts are correlated with shorter survival in glioma 

Figure 3. Tastin promotes NSCLC cell proliferation. (A) Tastin was knocked down in A549 cells, which were compared to controls. Cell proliferation was analyzed 
on a Celigo automatic cell counting analyzer. *P < 0.05. Scale bar: 400 μm. (B) Tastin was knocked down in NCI-H226 cells, which were compared to controls. Cell 
proliferation was analyzed on a Celigo automatic cell counting analyzer. *P < 0.05. Scale bar: 400 μm. (C) The viability of A549 cells after tastin knockdown compared 
to control cells was analyzed by the MTT assay. *P < 0.05. (D) The viability of NCI-H226 cells after tastin knockdown compared to control cells was analyzed by the 
MTT assay. *P < 0.05. (E) Detection of colony formation ability in A549 and NCI-H226 cells after tastin knockdown compared to control cells. *P < 0.05. 
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cases.27 Moreover, tastin expression was suggested to inde-
pendently predict prognosis in lung adenocarcinoma cases 
in a study by Chen and colleagues.28 As shown above, tastin 
levels were elevated in tumor samples, especially NSCLC, 
and increased tastin expression was associated with poorer 
patient prognosis. Therefore, we first speculated and 
confirmed that tastin plays a promoting role in NSCLC 
occurrence and progression. We demonstrated that tastin 

deficiency indeed impaired the growth rate and viability of 
NSCLC cells and impeded NSCLC cell metastasis, consist-
ent with our hypothesis.

ErbB4 represents an EGFR family member with tyrosine 
kinase activity. Meanwhile, tastin is predicted to have many 
potential phosphorylation sites and can be phosphorylated 
after binding to ErbB4.18,29–33 This study also demonstrated 
that tastin interacted with ErbB4 and inhibited NSCLC cells 

Figure 4. Impact of tastin on the cell cycle. (A) Cell cycle distribution of A549 cells after tastin knockdown compared to control cells analyzed flow cytometrically. 
*P < 0.05. (B) Cell cycle distribution of NCI-H226 cells after tastin knockdown compared to control cells analyzed flow cytometrically. *P < 0.05. 
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Figure 5. Tastin promotes NSCLC cell metastasis. (A) Migratory ability of A549 cells after tastin knockdown compared to control cells analyzed by the wound-healing 
assay. *P < 0.05. Scale bar: 200 μm. (B) Migratory ability of NCI-H226 cells after tastin knockdown compared to control cells analyzed by the wound-healing assay. 
*P < 0.05. Scale bar: 200 μm. (C) Invasive ability of A549 cells after tastin knockdown compared to control cells analyzed by the Transwell invasion assay. *P < 0.05. 
Scale bar: 50 μm. (D) Invasive ability of NCI-H226 cells after tastin knockdown compared to control cells analyzed by the Transwell invasion assay. * P < 0.05. Scale 
bar: 50 μm. 
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in knockdown experiments. A report by Sugihara and col-
laborators also showed tastin interacted with ErbB4, which 
somewhat resembles tastin and ErbB4 interaction found in 
this study. Sugihara et al.34 revealed interactions of TRO, 
bystin, and ErbB4, which were observed by Western blot 
analysis of target proteins in HT-H cells on transfection with 
individual siRNAs. Moreover, TROAP regulates prostate 
cancer progression through WNT3/survivin signaling,35 
regulates the cell cycle, and promotes tumor progression 

via Wnt/β-catenin signaling in glioma.36 It was also found 
by Li and colleagues26 that TROAP induces malignancy 
in breast cancer cells via TROAP silencing. Meanwhile, 
reduced TROAP amounts suppress malignancy, as reported 
in gastric cancer.16 These studies indicate that ErbB4-Ras-
Raf-MEK-ERK or ErbB4-PI3K-AKT pathway activation 
might control tastin-related induction NSCLC progression. 
Nevertheless, total and phosphorylated ErbB4 amounts 
were not regulated by tastin. One possible explanation is 

Figure 6. Tastin activates the ERK and AKT pathways via ErbB4. (A) Western blot analysis of A549 and NCI-H226 cells after tastin knockdown compared to controls 
(ref = 1.00). (B) Quantitative analysis of P-ErbB4 and T-ErbB4 levels after tastin knockdown compared to controls in A549 and NCI-H226 cells. (C) Quantitative analysis 
of P-ERK1/2 and T-ERK1/2 levels after tastin knockdown compared to controls in A549 and NCI-H226 cells. *P < 0.05. (D) Quantitative analysis of P-AKT and T-AKT 
levels after tastin knockdown compared to controls in A549 and NCI-H226 cells. *P < 0.05.
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that tastin might function as an adapter to facilitate interac-
tions with ErbB4 and its downstream factors, but confirma-
tion is required.

Furthermore, the Bcl2 family of proteins is considered 
major factors controlling apoptosis. The mechanism of 
Bcl2 proteins and their effects in multiple pathologies are 
well known.37 A previous study indicated that Bcl2 inhibi-
tors have the potential to treat solid tumors.38 Moreover, 
Mirakhor et al.39 revealed that Bcl2/Bax is markedly upregu-
lated in the malignancy group and a loss of Bax expression 
in endometrial carcinoma was reported.40 This study also 
found that Bcl2 and Bax were downregulated and upreg-
ulated, respectively, after transfection with tastin shRNA 

(Supplementary Figure S3). This suggests that there might 
be other mechanisms, including apoptosis mediating the 
role of tastin in NSCLC. Therefore, an ongoing study in our 
laboratory explores the mechanisms (including apoptosis 
and the ERBB4 axis) of tastin in cancer in-depth, using a full 
array of shRNAs.

In conclusion, higher tastin expression appears to be asso-
ciated with faster growth rate, later stage, and metastasis 
in NSCLC. This suggests that tastin might be a potential 
biomarker of NSCLC development. These findings highlight 
tastin’s role in NSCLC occurrence and progression and pro-
vide a potential target for developing a new treatment option 
for NSCLC (Supplementary Figure S2).

Figure 7. Tastin promotes tumor growth in the mouse xenograft model. (A) Photographs of mice with xenografts taken 18 days after injection in the control and tastin 
knockdown groups. (B) RTVs of xenografts after tastin knockdown versus control animals. *P < 0.05. (C) Photographs of xenografts extracted from mice in the control 
and tastin knockdown groups. (D) Weights of xenografts harvested 18 days after injection in the tastin knockdown and control groups. *P < 0.05. (E) H&E staining and 
Ki67 examinations of xenograft tumors in the tastin knockdown and control groups. Scale bar: 200 μm. 
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