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Purpose: To explore the effects and mechanisms of tetraspanin TSPAN7 on the progression
of non-small-cell lung cancer (NSCLC) cells.

Patients and methods: All 125 lung cancer specimens and 60 metastatic tissues were
obtained from patients diagnosed with NSCLC, and we used immunohistochemistry to detect
the expression of TSPAN7 in NSCLC tissues and adjacent normal tissues. Cell proliferation and
invasion ability were determined by MTT, colony formation, and cell migration. The relative
protein expression level was analyzed by Western blot analysis.

Results: Our clinical data showed that among 125 patients with lung cancer, TSPAN7 was
associated with lymph node status, differentiation, tumor size, and poor prognosis. TSPAN7
knockout inhibited cell proliferation and migration. In addition, TSPAN7 increased the expres-
sion of N-cadherin in NSCLC cells by reducing the expression of E-cadherin and vimentin and
promoting the cell epithelial-mesenchymal transition (EMT) process. Xenograft transplantation
model confirmed the role of TSPAN7 in NSCLC metastasis.

Conclusion: TSPAN7-mediated EMT is the key to NSCLC migration. TSPANT7 is a potential
target for NSCLC therapy.

Keywords: TSPAN7, non-small-cell lung cancer, cell invasion, colony formation

Introduction

Lung cancer is the leading cause of cancer-related deaths worldwide. Non-small-cell
lung cancer (NSCLC) is the main form of lung cancer and the leading cause of cancer
death worldwide, including adenocarcinoma and squamous cell carcinoma.! Non-small
cell lung cancer (NSCLC) patients usually relapse and metastasize after surgery, radio-
therapy, and/or chemotherapy, resulting in a 5-year overall survival rate of less than
18%.2 Despite the discovery and improvement of this standard, it is often associated
with advanced NSCLC with poor prognosis.® A persistent problem in NSCLC is the
invasion and metastasis of cancer cells, which is the main cause of death.* Therefore,
a detailed understanding of the molecular and cellular mechanisms of metastasis
activation is the key to identify new targets for tumor metastasis.

The TM4SF2 gene on XP114 encodes tetraspanin 7 (TSPAN7), which is a mem-
ber of the tetraspanin protein superfamily of the conserved membrane protein, which
is dynamically associated with a number of partner proteins in tetraspanin-enriched
microdomains.’ TSPANT7 is widely expressed in nonhematopoietic cells and the stron-
gest expression in the brain.* TSPAN7-mediated signal transduction plays a role in cell
development, activation, growth, and exercise regulation.” TSPAN7 affects the growth
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of lung cancer cells in target organ metastasis.® TSPAN7
might retard the growth of metastases for its relative CD63.°
CD63 is thought to participate in the lysosomal movement
and invasive.'” Therefore, we hypothesized that TSPAN7
could affect proliferation and invasion of lung cancer cells.
Epithelial-mesenchymal transition (EMT) has been proved to
play a more important role in tumor biology in recent years,
including inhibition of apoptosis.!! However, there is no
evidence that TSPANT7 plays a direct role in the proliferation
and invasion of lung cancer cells or its mechanism. The aim
of this study was to investigate the mechanism of TSPAN7
on invasion of lung cancer cells and its effect on EMT.

Materials and methods

Patients and specimens

All 125 lung cancer specimens and 60 metastasis tissues
were obtained from patients diagnosed with NSCLC and who
underwent resection between 2011 and 2016 in Zhongnan
Hospital. The study was approved by the institutional review
committee of Wuhan University, and all patients signed
informed consent. Before surgery, the patients in this study
did not receive any treatment, such as radiotherapy or chemo-
therapy. The patient’s follow-up data are described in each

patient’s medical record. The clinical pathological factors
are generalized in Table 1. Tumor status, histology, and dif-
ferentiation were assessed and diagnosed independently by
two authors (XG and ML), according to the WHO guidelines
of classification.

Cell lines and cell culture

Human NSCLC cell lines (H460, A549, H1299, H292) and
human normal lung cell line (BEAS-2B) were purchased
from the Cell Bank of Type Culture Collection of the Chinese
Academy of Sciences, Shanghai Institute of Cell Biology.
Cells were cultured in RPMI-1640 medium with 10% FBS,
1% penicillin (100 U/mL), and streptomycin (100 pg/mL)
(Gibco, Thermo Fisher Scientific, Waltham, MA, USA) at
37°Cina 5% CO, humid atmosphere.

Plasmids and Transfection

TSPAN7 and empty vector were purchased from Genechem
(GENECHEM, Shanghai, China). TSPAN7-shRNA and neg-
ative controls were bought from Genechem (GENECHEM).
Cells were transfected with plasmids using lipofectamine
2000 reagent (Gibco) and siRNA using X-tremeGENE™
siRNA Transfection Reagent (Sigma-Aldrich Co., St Louis,

Table | Association between TSPAN7 expression and clinicopathologic features of NSCLC patients

Clinicopathologic Number of TSPAN7
parameter patients (N=125) Lower Higher P-value
(n=45) (n=80)

Gender 0.0532
Male 76 25 51
Female 49 20 29

Age (years) 0.0281
=60 42 18 24
>60 83 27 56

Size of tumor 0.5872
=3 cm 57 26 31
>3 cm 68 19 49

Lymph node metastasis 0.0043
NO 38 16 22
NI-3 87 29 58

Differentiation grade 0.383
Moderate-well 72 30 42
Poor 53 15 38

Histology type 0.0102
Adenocarcinoma 8l 25 56
Squamous carcinoma 44 20 24

Smoking 0.0035
Yes 89 23 66
No 36 22 14

TNM stage 0.0028
17 93 35 58
1] 32 10 22

Abbreviations: NSCLC, non-small-cell lung carcinoma; TNM, tumor, node, metastasis.
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MO, USA) according to respective manufacturer’s instruc-
tions. The transfected efficiency was assessed 48 hours
later on protein and mRNA level. All the following experi-
ments after transfection/inference were performed at least
in triplicate.

Immunohistochemistry

The cells were fixed with 10% neutral formaldehyde and
embedded in paraffin sections. Histological staining of cancer
tissues was performed by ABC immunostaining (MaiXin,
Fuzhou, China). Then, two independent researchers randomly
and blindly evaluated the staining. The criteria for the results:
randomly select per slide five views at X400 magnification
with at least 100 cells of each microscopic field.

Western blotting analysis

The cells were lysed using the mammalian protein extrac-
tion reagent, RIPA (Beyotime, Shanghai, China). Equivalent
amounts (40 ng) of cell protein lysates were electrophoresed
on 10% SDS-polyacrylamide gel, transferred to a PVDF
membrane. Then the membrane was incubated with primary
antibodies with TSPAN7 (1:1,000, Abcam, Massachusetts,
USA), N-cadherin (1:2,000, CST, Massachusetts, USA),
E-cadherin (1:2,000, CST), vimentin (1:2,000, CST), and
tubulin (1:2,000, CST) overnight at 4°C and followed incuba-
tion by horseradish peroxidase-labeled secondary antibody.
Tubulin was used as a protein-loading control. The immune
complexes were tested by chemiluminescence. E-cadherin
mouse mAb, N-cadherin rabbit mAb, and B-actin mouse mAb
were purchased from Cell Signaling Technology. The cells
were lysed in a buffer containing 20 mM Tris—HCI (pH 7.5),
150 mM NaCl, 5 mM EGTA, and 1% NP-40 with a mixture
of protease inhibitors before Western blot assay.

Colony formation assays

Cells (500 cells/well) were placed in six-well plates and
maintained in media containing 10% FBS. The medium
was replaced every 4 days; after 14 days, cells were fixed
with methanol and stained with 0.1% crystal violet (Sigma-
Aldrich Co.). Visible colonies were then counted. For each
treatment group, wells were assessed in triplicate.

Cell migration assays

For the migration assays, at 48 hours post transfection, 5x104
cells in serum-free media were placed into the upper chamber
of an insert 8-mm pores and FBS was added to the lower
chamber (Millipore, Billerica, MA, USA). Cells that had
migrated through the membrane were stained with methanol
and 0.1% crystal violet and imaged and counted.

Cell proliferation assay

Cell proliferation rate was determined by using a Cell
Counting Kit-8 (CCK-8; CK04 Molecular Technologies,
Osaka, Japan). Briefly, cells were seeded into 96-well plates
and transfected with overexpression or knockdown plasmid.
After transfection for another 24, 48, or 72 hours, 10 UL
CCK-8 reagent was added to each well. Cell was incubated
for another 3 hours before measuring the absorbance at
450 nm with an enzyme-linked immunosorbent assay plate
reader (Bio-Rad). The cell proliferation rate was calculated
as the ratio of the OD values of the experimental and control
groups. All assays were performed in triplicate.

Nude mice xenograft model

All animals were maintained and used in accordance with the
guidelines of the Institutional Animal Care and Use Committee
of the Nanjing Medical University. All the experimental pro-
cedures were approved by the Nanjing Medical University
ethics commission. TSPAN7 overexpression cells and control
cells in the logarithmic phase of growth were trypsinized,
rinsed with 1x PBS for three times, and then resuspended
in 100 uL 1x PBS. Each six nude mice (6 weeks old, male)
were inoculated subcutaneously with a clonal population
of 5x10° cells in the upper right shoulders subcutaneously.
Xenograft tumor sizes were measured by measuring two per-
pendicular diameters with digital calibers every 7 days after
appearance of tumors and calculated according to the formula:
0.5xlengthxwidth?. All the mice were sacrificed 1 month after
inoculation, and the tumors were removed instantly.

Statistical analysis

All data were expressed as means+SD. SPSS 17.0 software
(SPSS Inc., Chicago, IL, USA) was used for the statistical
tests. Student’s #-test was used to determine the significance
of two group differences. One-way ANOVA was used for
multiple comparison. The Pearson correlation coefficient (7)
was used for correlation analysis. P<<0.05 (two-tailed) was
considered to be significant.

Results

High level of TSPAN7 expression
associates with clinicopathological factors
and poor prognosis in NSCLC patients

We performed immunohistochemical analysis of 125 lung
cancer tissues. TSPAN7 was positive in both adjacent
tissues and lung cancer tissues. The expression of TSPAN7
was significantly increased in 80 of the 125 cases (64%)
(Figure 1A). In contrast, most normal tissues express low
TSPAN7 (Figure 1B). Next, we studied the relationship
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Figure | High level of TSPAN7 expression associates with clinicopathological factors and poor prognosis in non-small-cell lung cancer patients.

Notes: (A and B) Representative immunohistochemical staining for TSPAN7 in lung tumor tissues and adjacent normal tissues and representative samples are shown at
400x magnification. (C) The overall survival rates of the 125 lung cancer patients was compared with the TSPAN7 low and TSPAN7 high groups. Statistical significance was
determined using the log-rank test. (D) The expression of TSPAN7 was quantified by Western blot in lung normal tissue and cancer tissue. N represents normal cells and

T represents tumor cells.

between TSPAN7 expression level and survival rate. Log
rank test showed that TSPAN7 expression was significantly
correlated with OS in lung cancer patients (Figure 1C). In
order to study the clinical significance of TSPAN7 protein in
NSCLC, the relationship between TSPAN7 protein expres-
sion and clinicopathological parameters was analyzed. As
summarized in Table 1, there was no significant difference
in TSPAN7 status with age, sex, and histological differ-
entiation. Tumors with high-regulated TSPAN7 tended
to display more aggressive phenotypes, including higher
clinical tumor size II-1II tumor node metastasis stage,
and positive nodal status suggesting an important associa-
tion between TSPAN7 upregulation and tumor prolifera-
tion, invasion, and metastasis. In addition, we found that
TSPANT7 was correlated with tumor histology. Meanwhile,
we observed that TSPAN7 was upregulated in lung cancer
tissues compared with normal cell tissues in the level of
protein (Figure 1D).

TSPANY7 is upregulated in human NSCLC

cancer cells

In order to study the expression of TSPAN7 in NSCLC, we
first detected the expression of TSPAN7 in four NSCLC
cells (H1299, H460, H292, and A549) and normal human
lung cell line (BEAS-2B) (Figure 2A). Then, we found that

TSPANT7 was upregulated in human NSCLC cancer cells. In
order to study lung cancer cells, we transfected plasmids con-
taining TSPAN7 into A549 and H1299 cells, both of which
showed low endogenous TSPAN7 expression. Transfection
efficiency was confirmed 48 hours after plasmid introduction
in Figure 2B and C. We conducted a mixed TSPAN7-specific
shRNA transfection to knockout relatively high endogenous
expression of TSPAN7 in the H460 and H29 cell lines and
then confirm the efficiency of depletion at the protein and
RNA levels (Figure 2D).

TSPAN7 overexpression promotes cell
proliferation

We observed that overexpression of TSPAN7 promoted cell
growth in vitro (Figure 3A and B). Similarly, we found that
TSPANT7 overexpression increased the invasiveness of A549
and H1299 cells using Matrigel invasion assays (Figure 3C and
D). Overall, these findings suggest that TSPAN7 is an activa-
tor of lung cancer progression.

TSPANY7 depletion inhibits cell

proliferation
Contrary to the results of TSPAN7 overexpression, TSPAN7
depletion reduced lung cancer growth rate (Figure 4A) and
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Notes: (A) The expression level of TSPAN7 in the four lung cancer cells and lung normal cells were detected by Western blot. (B and C) The expression levels of TSPAN7
in control and TSPAN7-overexpressing cell plasmid transfection were detected by Western blot. (D) The expression levels of TSPAN7 in control and TSPAN7-shRNA cells

by lentivirus infection were detected by Western blot.

depressed colony formation ability in H460 and H292 cell
lines (Figure 4B). Further experiments show that the silencing
of TSPAN7 promotes cell migration and invasion in H460
and H29 cell lines (Figure 4C and D).

TSPANTY affects the expression of EMT
markers and promotes NSCLC cells
tumorigenesis in vivo

EMT usually leads to pathological migration and invasion
in the course of cancer progression. Then, Western blot was
used to observe the effect of TSPAN7 on the expression of
EMT in A549 and H1299 lung cancer cells. Overexpres-
sion of TSPANT7 significantly increases the expression of
N-cadherin and vimentin and reduces the expression of

E-cadherin in A549 and H1299 cells (Figure 5SA). We used
H460 and H22 cell experiments to obtain the opposite result
of TSPANT7 depletion (Figure 5B). It is suggested that the
inhibition of TSPAN7 on invasion and migration of lung
cancer cells may be related to EMT. To further clarify the
role of TSPAN7 in NSCLC, we will then study the effect of
TSPANT7 on tumor growth by using xenograft model. Nude
mice were implanted with A549 cells expressing the vector
or TSPANT7. The mice were sacrificed in 30 days when the
tumor formation became obvious (Figure 5C). Overexpres-
sion of TSPAN7 can significantly increase the tumor volume
of mice and the growth of NSCLC cells (Figure 5D). The
expression of E-cadherin, N-cadherin, and TSPAN7 was
detected in the tumor tissue by Western blot. N-cadherin was
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(TSPAN7-OV means TSPAN7 overexpression). (B) Effect of TSPAN7 overexpression on colony formation was measured in A549 and H1299 cells. The cells were seeded
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with the A549 and H1299 cells to measure the migration rate (points = means of three independent experiments; error bars = SEM; n=3; two-way ANOVA) (TSPAN7-OV

means TSPAN7 overexpression). Statistical significance was calculated using Student’s t-tests when only two groups were compared; **P<<0.0| and ***P<0.001.
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Figure 5 TSPAN?7 affects the expression of EMT markers and promotes NSCLC cells tumorigenesis in vivo.

Notes: (A) Western blot analysis of E-cadherin, N-cadherin, and vimentin expression in NSCLC cells A549 and H1299 with overexpression of TSPAN7. (B) Western blot
analysis of E-cadherin, N-cadherin, and vimentin expression in NSCLC cells A460 and H292 cells with TSPAN7-shRNA. (C) Representative images of the tumors isolated
from the mice. (D) Tumor volume was calculated every 5 days after the injection of A549 cells stably transfected with control vector or TSPAN7 and tumor volume as
calculated according to the formula 0.5xlengthxwidth?. All the data are shown as mean%SD and *P<<0.05, **P<<0.01. (E) Western blot analysis of E-cadherin, N-cadherin, and

TSPAN7 expression in tumor tissues.

Abbreviations: EMT, epithelial-mesenchymal transition; NSCLC, non-small-cell lung cancer.

downregulated and E-cadherin was upregulated in TSPAN7
overexpression in tumor tissues (Figure SE). These results
clearly indicate that TSPAN7 plays a strong role in the tum-
origenicity of NSCLC in vivo.

Discussion

TSPANT7 promotes the formation of filaments and dendritic
spines in cultured hippocampal neurons and is essential for
spinal stability and normal synaptic transmission.'>? TSPAN7
regulates synaptic transmission and plasticity through an inter-
action with $1-integrin, PICK 1,and AMPA. PICK 1 is a mature
regulator of AMPAR trafficking and the number of synaptic
AMPA receptors.”* TSPAN7 affects actin filament by binding
to PI4K 13 and/or by B1-integrin.'* The higher the expression
of TSPANT7 gene, the lesser the number of TSPAN7-positive
blood vessels, the less invasive and metastatic Clear Cell
Renal Cell Carcinoma (CCRCC), suggesting that these genes
may be the tumor progression and metastasis of tumor growth
inhibitors."> TSPANT7 protein is expected to improve prognosis
model based on clinical pathological parameters.'* TSPAN7

may be involved in the development of lung cancer cells.?
Data statistics show that TSPAN7 mRNA has changed in
many malignant tumors, especially lung cancer. Our study
showed that TSPAN7 protein was upregulated in NSCLC
tissues. A direct correlation was observed between upregula-
tion of TSPAN7 and advanced tumor stage, adenocarcinoma,
and lymph nodal status. The high expression of TSPANT7 is
closely related to the poor prognosis of patients with lung
cancer. TSPAN7 deficiency is an independent predictor of
OS in NSCLC. At the same time, the level of TSPAN7 in
lung cancer cells was significantly higher than that in normal
epithelial cells. Overexpression of TSPAN7 promotes growth,
proliferation, and invasion of NSCLC cell line. Using shRNA
to knock down endogenous TSPAN7, we found that TSPAN7
could promote tumor cell proliferation and invasion.

EMT is one of the most common processes of cell
metastasis, which promotes epithelial metastasis and enables
epithelial cells to obtain mesenchymal and fibroblast-like
properties, including increased mobility and reduced intercel-
lular adhesion.'® EMT is characterized by the loss of epithelial
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markers, such as E-cadherin, and then gain of mesenchymal
markers, such as N-cadherin and vimentin.!” Because of the
tumor microenvironment, many EMT pathways are activated
by extracellular signals. In our study, we demonstrated that
TSPAN7 overexpression in A549 decreased the expression
of E-cadherin and increased the expression of N-cadherin
and vimentin, which indicated that EMT was promoted by
TSPANT7 in lung cancer cells, which indicated that the activa-
tor of TSPAN7 mediated the most important biological effects.
The role of TSPANT7 in the development tumor is limited.

Conclusion

Our clinical data strongly support the evidence that TSPAN7
is a tumor suppressor of NSCLC. In addition, our study indi-
cates for the first time that TSPAN7 inhibits cell invasion
through EMT pathway. Our findings indicate that TSPAN7
plays an important role in cancer suppression in NSCLC and
is a new target of anticancer.
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The authors report no conflicts of interest in this work.
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