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Abstract: Tetraspanin 12 (TSPAN12), as an earliest member of tetraspanin family, has been recently shown to be
highly expressed in several malignant tumors, such as lung cancer and breast cancer, which plays an important role
in regulating cell proliferation, migration and invasion. However, the functional roles of TSPAN12 in colorectal cancer
(CRC) remain largely unclear. In this study, the expression of TSPAN12 was up-regulated compared to that in para-
carcinoma tissues. Higher TSPAN12 expression was significantly correlated with TNM stage, tumor size and lymph
node metastasis. The vitro functional analysis, including MTT, colony formation, flow cytometry and transwell assays
indicated that lentivirus-mediated TSPAN12 knockdown significantly suppressed cell proliferation, migration and
invasion, induced cell apoptosis of CRC cells. In addition, knockdown of TSPAN12 remarkably decreased the growth
of subcutaneously inoculated tumors in nude mice. Our findings for the first time supported that TSPAN12 might
play a positive role in the regulation of CRC cell proliferation, migration and invasion. The inhibition of TSPAN12 may

serve as a novel promising therapeutic strategy against human CRC.
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Introduction

Colorectal cancer (CRC) is one of the most
leading causes of malignancy-related death
worldwide with rapidly increasing incidence in
recent years [1, 2]. Despite some significant
improvements have been achieved in some
diagnosis and treatment modalities, the long-
term survival rate remains poor for patients in
advanced stage, mainly ascribed to local recur-
rence and distant metastases formation [3, 4].
Current studies have demonstrated that a
series of complex cascades of molecular mech-
anisms, including gene mutations, epigenetic
modifications and signaling crosstalk [5, 6]
may affect the treatment outcome in patients
with CRC. Therefore, understanding the molec-
ular mechanisms underlying the formation and
progression of CRC might contribute to identify
novel potential targets for CRC diagnosis and
provide more effective methods for CRC pre-
vention and therapy.

Tetraspanins, composed of short N-terminal,
C-terminal cytoplasmic tails, small and large

extracellular loops and four transmembrane
domains, belong to a family of transmembrane
proteins [7-9], which are abundantly expressed
in nearly all cell and tissue types [10, 11] and
implicated in various physiological processes,
such as cell migration, adhesion and signal-
modulation of membrane receptors [7, 12].
Recently, emerging evidences have shown that
tetraspanins are closely correlated with tumour
stage and patients outcome by regulating cell
growth, invasion, tumour engraftment and me-
tastasis [13]. As one member of the earliest
tetraspanin family, Tetraspanin 12 (TSPAN12)
is widely distributed in digestive, urogenital
and cardiovascular systems [14]. Interestingly,
TSPAN12 has been recently reported to be a
p53-regulated gene and its knockdown inhibit-
ed cancer cell proliferation and invasion, there-
by serving as a potential target for lung cancer
therapy [15]. In addition, TSPAN12 has been
shown to promote human breast cancer prolif-
eration and tumor xenograft growth, but sup-
press tumor metastasis [16]. Furthermore,
TSPAN12 ablation could cause diminish expres-
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Table 1. Correlations between TSPAN12 expression and clini-

Materials and methods

copathologic parameters in patients with CRC using gRT-PCR

analysis (n = 112)

Patients and specimens

Expression of

Clinical pathologic Total TSPAN12

Total 112 fresh tumor tissues
with paired non-cancerous
colon tissue were obtained in

P Value

operation from the Shanghai
Changzheng Hospital. All the
patients with CRC were histo-
logically and clinically diag-
0.059 nosed and voluntarily signed
written informed consents.
None of these patients had
0.013* received radiotherapy or che-
motherapy prior to surgical
treatment. The clinical data of
the CRC patients, including
age, tumor size and stage
were collected and summa-
rized in Table 1. This study
was approved by the Com-
0.001™ mittee on Ethics of Shanghai
Changzheng Hospital, China.

Cell lines and culture

parameters (n=112) Low High  (chi-square test)
(n=66) (n=46)
Sex 0.056
Male 66 34 32
Female 46 32 14
Age
<60 49 24 25
>60 63 42 21
Tumor size (cm)
<5 78 40 38
>5 34 26 8
Tumor location 0.119
Rectum 36 25 11
Colon 76 41 35
TNM stage
-l 81 56 25
-v 31 10 21
Lymph node metastasis 0.024*
NO 75 42 33
N1-N2 37 24 13

The CRC cell lines HT29,

For the correlation analysis between tumor size and TSPAN12 expression, *:

Expression of TSPAN12 was significantly correlated with tumor size. P less than
0.05. For the correlation analysis between TNM stage and TSPAN12 expression,
**: Expression of TSPAN12 was significantly correlated with TNM stage. P less
than 0.01. For the correlation analysis between lymph node metastasis and
TSPAN12 expression, *: Expression of TSPAN12 was significantly correlated with

lymph node metastasis. P less than 0.05.

sions of multiples SPANX family genes found
on various tumors cell types [17]. Based on
these evidences, TSPAN12 has been suggest-
ed to play a crucial role in cancer progression.
However, little is known about the clinical sig-
nificance and biological function of TSPAN12 in
human CRC.

Therefore, the objective of this study was to
investigate the exact role of TSPAN12 in CRC
by analyzing the correlation between the
expression of TSPAN12 and clinicopatholo-
gical features of patients with CRC. Further-
more, we aimed to investigate its biological
function in vitro and vivo CRC cell model based
on RNAi-mediated TSPAN12 gene knockdown,
as well as the underlying mechanism, in an
attempt to gain novel insights into tumorigene-
sis of CRC.
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SW1116, RKO, DLD-1 and
HCT116, as well as human
embryonic kidney cell line
(HEK293) were obtained from
the Cell Bank of Type Culture
Collection of Chinese Academy
of Sciences (Shanghai, China).
HT29, DLD-1, RKO and HCT116 cells were
cultured in RPMI-1640 medium (Hyclone, Bio-
west) with 10% fetal bovine serum (FBS).
SW1116 and HEK293 cells were maintained
in DMEM medium (Hyclone, Logan, USA) sup-
plemented with 10% FBS. All these cells were
incubated in a humidified atmosphere contain-
ing 5% CO, at 37°C.

Real-time quantitative PCR (RT-qPCR) analysis

Total RNA from human tissues and cells was
extracted using Trizol reagent (Invitrogen,
Carlsbad, CA) according to the manufacturer’s
instructions. Single strand cDNA was synthe-
sized from 2 pg total RNA using Superscript Il
Reverse Transcriptase (Invitrogen, Carlsbad,
CA). RT-gPCR was carried out using BioRad
Connet Real-Time PCR platform using 20 ul
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PCR reaction mixtures according to the follow-
ing cycling conditions: an initial denaturation
at 95°C for 1 min, followed by 40 cycles of
denaturation at 95°C for 10 s and extension at
60°C for 20 s. The primer sequences were as
follows: TSPAN12 (forward): 5’-CCTCTAGCCAG-
CCAACCTTCC-3’, TSPAN12 (reverse): 5’-GACCC-
TCCACCCTCCCTCAG-3’, GAPDH (forward): 5-TG-
TTGCCATCAATGACCCCTT-3" and GAPDH (reve-
rse): 5-CTCCACGACGTACTCAGCG-3'. GAPDH
was used as an internal control. All reactions
were performed in triplicate. The relative
TSPAN12 levels between samples were calcu-
lated and statistically compared using 244t
method as previously described [18].

Western blot analysis

The tissue samples and cells were lysed in
ice-cold RIPA butter (Beyotime, Shanghai,
China) at 4°C for 30 min and then underwent
centrifugation at 12000 g for 15 min at 4°C.
Subsequently, equal amounts of protein lysates
were separated by SDS-PAGE and then trans-
ferred onto PVDF membranes (Millipore, Bill-
erica, MA, USA). The membranes were blocked
with 1% bovine serum albumin in TBST for 2 h
at room temperature and then probed with
TSPAN12, Akt, Erk, phospho-Akt, phospho-
Erk1l/2, caspase-3, E-cadherin, Vimentin (Cell
signaling, Danvers, USA) and GAPDH (Prote-
intech, Chicago, USA) antibodies overnight at
4°C. After washing, the membranes were incu-
bated with horseradish peroxidase-conjugated
secondary antibody (Santa Cruz Biotechnology,
Santa Cruz, CA) for 2 h at room temperature.
Finally, the membranes were detected with
enhanced chemiluminescence kit (Millipore,
Billerica, MA) according to the manufacturer’s
instructions. GAPDH was used as the loading
control.

Vector construction and transfection

For TSPAN12 silencing, two short hairpin RNAs
(shRNAs) for human TSPAN12 (shT-SPAN12-1:
5-GTTCCGAAGTGTTAACCAGTTTGCAAACTCG-
GGTTAACACTTCGGAACTTTTTT-3’ and shTSPAN-
12-2: 5'-CTAGCCCGGGCCGGGACTGTATTCAGTA-
TACTCGAGTATACTGAATACAGTCCCGGCTTTTTT-
GTTAAT-3’) were synthesized, annealed and
validated to be candidate shRNAs. A scrambl-
ed shRNA (5-TTCTCCGAACGTGTCACGT-3’) was
used as a negative control. Then stable
TSPAN12 shRNA silencing was performed on
CRC cell lines HT29 and SW1116 as previously
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described [19]. Briefly, recombined vector and
packaging plasmid were transfected into
HEK293T cells to generate lentivirus particles
via Lipofectamine 2000 (Invitrogen, Carlsbad,
CA, USA). These generated viral particles were
then used to transfect HT29 and SW1116
cells. For evaluation of knockdown efficiency,
RT-gPCR and Western blot analysis were per-
formed in transfected cells.

Colony formation assay

To investigate the effects of TSPAN12 on cell
growth, a monolayer colony formation assay
was performed on HT29 and SW1116 cells.
Briefly, lentivirus-infected cells (500 cells/well)
were seeded into 6-well plates and washed
with PBS after 8 days of incubation. Then cells
were fixed with 4% crystal violet, washed with
ddH,O and air-dried. The number of colonies
with more than 50 cells from different treat-
ments was counted under a light microscope.

MTT assay

MTT assay was used to determine cell viability
in HT29 and SW1116 cells. Briefly, cells (2,000
cells per well) were seeded into 96-well plates
in triplicates and monitored for 5 consecutive
days. Then 20 pL of the MTT solution (5 mg/ml)
was added into each well and incubated for
4 h at 37°C. After 4 h incubation, 100 pl aci-
dic isopropanol was added into each well. The
OD value in each well was measured with an
ELISA reader (Bio-Rad, USA) at a wavelength of
595 nm.

Cell migration and invasion assay

Cell invasion and migration assays were per-
formed on HT29 and SW1116 cells using24-
well Transwell cell culture chambers (Corning
Incorporated, New York, USA) attached with a
membrane filter (8 um pore size). Approximately
200 L cell suspension was incubated in the
upper chamber either uncoated (for migration
assay) or coated (for invasion assay) with 50%
Matrigel (BD Biosciences, Bedford, MA). After
24 h incubation, the cells that invaded the
Matrigel matrix were fixed with methanol and
stained with 0.5% crystal violet. The number of
cells that penetrated the membrane was quan-
tified by calculating the mean cell number in
five randomly fields per chamber under an
inverted light microscope (Nikon, Japan).
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Figure 1. Expression of TSPAN12 was upregulated
in CRC tissues. A. The mRNA levels of TSPAN12 in
112 paired CRC tissues by real-time quantitative PCR
analysis. B. Western blotting analysis of TSPAN12
protein levels in 8 matched CRC tumor (T) and non-
tumor tissues (N). GAPDH was used as internal con-
trol. ***P < 0.001.

Flow cytometry analysis

Flow cytometry combined with Annexin V/7-
AAD double stainingwas used to determined
cell apoptosis in HT29 and SW1116 following
TSPAN12 silencing according to the manufac-
turer’s instructions. In brief, lentivirus infected
HT29 and SW1116 cells were reseeded in 6 cm
dishes both at a density of 1 x 10° cells per
dish. Then cells were collected and subjected
to Annexin V-APC/7-AAD double staining (Key-
GEN Biotech, Nanjing, China). Annexin V-APC/7-
AAD analysis was performed by FACSCalibur
flow cytometer (BD, New lersey, USA).

Tumorigenesis in nude mice

Total twelve six-week-old nude mice (Shanghai
Slac Laboratory Animal Co. Ltd, China) were
randomized into two groups with three mice in
each group. Equivalent amounts of shTSPAN12-
l-infected or shCon-infected CRC cells were
prepared and then injected subcutaneously
into the mice using a 1 ml needle, respectively.
The diameter and size of solid tumor was mea-
sured at 7, 14, 21 and 28 days, respectively
after inoculation. Then animals were sacrificed
28 days after inoculation and the weight of the
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tumors was measured and compared among
two groups (scramble vs. shTSPAN12-1). This
experiment was approved by the ethics com-
mittee of Wuhan University.

Statistical analysis

All data were analyzed using SPSS version 19.0
(Chicago, IL) and expressed as mean + stan-
dard deviation (SD) of three independent exper-
iments. All diagrams were drafted by Graph-
Pad Prism 5 software. The Chi-square test was
used to analyze TSPAN12 expression and
patient characteristics of CRC tissue. Student’s
t-test was used to statistically compare the vari-
ables of two groups (scramble vs. ShTSPAN12-1
or shTSPAN12-2). All statistical differences
were accepted as statistically significant at
P-value < 0.05.

Results

Correlation between TSPAN12 expression and
clinicopathologic parameters of patients with
CRC

To investigate whether TSPAN12 is correlated
with CRC development and progression, the
CRC specimens from patients were analyzed
for TSPAN12 expression using RT-qPCR analy-
sis. The results showed the expression level of
TSPAN12 was significantly elevated in CRC tis-
sues compared with the adjacent normal tis-
sues (Figure 1A, P < 0.001). To validate this
result, Western blotting was performed in rep-
resentative 8 CRC tissues with paired non-can-
cerous tissues. As shown in Figure 1B, clearly
increased levels of TSPAN12 protein were
detected in randomly selected tumor tissues
compared with the adjacent normal tissues.

Subsequently, the median expression level of
tissue TSPAN12 (0.72 fold) was used as the
cutoff value to divide the 112 CRC patients into
two groups (high and low TSPAN12 expression).
The association between TSPAN12 expression
and the clinicopathologic parameters was
shown in Table 1. The TSPAN12 expression was
significantly associated with tumor size (P =
0.013), TNM stage (P = 0.001) and lymph node
metastasis (P = 0.024). However, no significant
association was observed between TSPAN12
expression and patient age (P = 0.056), sex (P
= 0.059) and tumor location (P = 0.119). These
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Figure 2. TSPAN12 expression was effectively silenced in CRC cells. (A) Ex-
pression analysis of TSPAN12 in five different CRC cell lines by Western blot-
ting. The mRNA levels analysis of TSPAN12 in HT29 (B) and SW1116 (D)
cells after shTSPAN12-1 or shTSPAN12-2 infection by RT-gPCR analysis. The
protein levels analysis of TSPAN12 in HT29 (C) and SW1116 (E) cells after
sShTSPAN12-1 or shTSPAN12-2 infection by Western blot analysis. GAPDH
was used as internal control. ***P < 0.001 in comparison with non-silencing

TSPAN12 in shTSPAN12-1
and shTSPAN12-2 groups of
the two cell lines were re-
markably reduced as com-
pared with those in scramble
groups (P < 0.001). Consis-
tently, the protein levels
of TSPAN12 were also ob-
viously downregulated in shT-
SPAN12-1 and shTSPAN12-2
groups of HT29 (Figure 2C)
and SW1116 cells (Figure 2D)
as compared with those in
scramble groups. Collectively,
the endogenous TSPAN12
level in HT29 and SW1116
was stably knocked down
by two designed shRNAs.
Notably, shTSPAN12-1 had
a more obvious knockdown
efficiency than shTSPAN12-2
in both cell lines, which was
then selected for the subse-
quent loss-of-function assays.

Loss-of-function analysis of
TSPAN12 by shRNA in CRC
cells

To gain a better insight into
the effect of TSPAN12 on cell
proliferation, colonyformation

scrambled control.

findings suggest TSPAN12 might play an essen-
tial role in CRC cell growth and metastasis.

Lentivirus-mediated efficient TSPAN12 silenc-
ing in CRC cells

To further investigate the role of TSPAN12 in
CRC at cellular levels, we determined the pro-
tein level of TSPAN12 in several CRC cell lines
and found it was commonly upregulated in
these cells (Figure 2A). Notably, two CRC cell
lines, HT29 and SW1116 with relatively higher
TSPAN12 expression were chosen to investi-
gate in the following loss-of-function experi-
ments. The expression of TSPAN12 was first
knocked down in HT29 and SW1116 cells us-
ing lentivirus-mediated shRNA, as confirmed
by RT-gPCR and Western blot analysis. As
shown in Figure 2B and 2D, the mRNA levels of
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and MTT assay were perfor-

med on HT29 and SW1116

cells. As shown in Figure 3A
and 3B, the smaller and fewer colonies were
observed in shTSPAN12-1 groups than in
scramble groups of two cell lines (P < 0.001).
Moreover, the proliferation rates of shT-
SPAN12-1-infected cells were relatively slower
compared with scrambled groups at the 4%
and 5" days in HT29 and SW1116 cells
(Figure 3C, P < 0.001). These results indicated
that TSPAN12 may play a positive role in
CRC cell growth and proliferation.

As our best knowledge, the ability of cancer
cells to invade from the primary site into tis-
sues at the site of tumor metastasis is a
crucial step in the formation of metastases.
Therefore, we determined the migratory and
invasive capacity of shTSPAN12-1 in HT29
and SW1116 cells using a matrigel-based
transwell. The data indicated that knockdown

Am J Transl Res 2017;9(2):812-822
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Figure 3. Loss-of-function analysis of TSPAN12 in CRC cells, including proliferation and invasion. The number of colonies in HT29 (A) and SW1116 (B) cells after shT-
SPAN12-1 infection analyzed by colony formation assay. (C) MTT assay was used to determine the proliferative rates of HT29 and SW1116 cells after shTSPAN12-1
infection. Cell migration and invasion assays were conducted on HT29 (D) and SW1116 (E) cells after shTSPAN12-1 infection, as confirmed by statistical analysis.
*P < 0.05; ***P < 0.001 in comparison with non-silencing scrambled control.
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Figure 4. Knockdown of TSPAN12 significantly promoted cell early and late apoptosis in CRC cells. Flow cytometer
combined with Annexin V/7-AAD double staining was used to analyze the percentage of apoptotic cells in HT29 (A)
and SW1116 (B) cells following TSPAN12 silencing, as confirmed by statistical analysis. *P < 0.05; ***P < 0.001 in

comparison with non-silencing scrambled control.

of TSPAN12 in HT29 (Figure 3D, P < 0.001)
and SW1116 (Figure 3E, P < 0.001 and P <
0.05) significantly reduced the migration and
invasion potential compared to negative
scramble control. These findings suggest
that TSPAN12 indeed facilitates CRC cell
migration and invasion in vitro.

To uncover the mechanism underlying the inhi-
bition of cell proliferation, cell apoptotic rate
was detected in HT29 and SW1116 cells follow-
ing TSPAN12 knockdown. As illustrated in
Figure 4A, more HT29 cells were presented
early apoptosis (Annexin V+/7-AAD-) and late
apoptosis (Annexin V+/7-AAD+) status (P <
0.001) after shTSPAN12-1 infection compared
to scrambled shRNA infection. Similar results
were also observed in SW1116 cells treated
with shTSPAN12-1 (Figure 4B, P < 0.05 and P <
0.001). These results further demonstrated
that TSPAN12 knockdown could significantly
promote CRC cell apoptosis.
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Knockdown of TSPAN12 impaired tumorigenic-
ity in vivo

To further investigate the role of TSPAN12 in
CRC progression, we assessed the effect of
TSPAN12 silencing on the growth of CRC xeno-
graft tumors in nude mouse models injected
with shTSPAN-1 or scrambled negative control
cells. As depicted in Figure 5A and 5D, the size
of the tumors was significantly decreased after
TSPAN12 knockdown in a time course of 28
days. Moreover, the time-dependent analysis
showed that the volume of the tumors was sig-
nificantly inhibited in mice injected with TSP-
AN12 silenced HT29 (Figure 5B, P < 0.001) or
SW1116 cells (Figure 5E, P < 0.001) compar-
ed with the corresponding control cells in a
time-dependent manner. Furthermore, the wei-
ght of tumors also remarkably decreased in
mice inoculated with TSPAN-silenced CRC cells
compared with control groups (Figure 5C and
5F). These results were confirmed by analysis
of the protein content of TSPAN12 in tissues of

Am J Transl Res 2017;9(2):812-822
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Figure 5. TSPAN12 silencing reduced tumorigenesis of CRC in vivo. (A and D) Representative images of tumors
formed in the mice in which shTSPAN12-1 or scrambled control shRNA-infected HT29 and SW1116 cells were
injected. Tumor volume altered curve of nude mice injected by HT29 (B) and SW1116 (E) cells transfected with shT-
SPAN12-1 or scrambled shRNA. Tumor weight alteration of nude mice injected by HT29 (C) and SW1116 (F) cells
transfected with shTSPAN12-1 or scrambled shRNA. Expression analysis of TSPAN12 in tumor tissues collected
from nude mice injected by HT29/shTSPAN12-1 (G), SW1116/shTSPAN12-1 (H), respectively. **P < 0.01; ***P <
0.001 in comparison with non-silencing scrambled control.

a subcutaneous xenograft murine model. The tein levels of p-Akt, p-Erk1/2 and Vimentin in
TSPAN12 expression level was completely sup- HT29/shTSPAN12-1 (Figure 6A) and SW1116/
pressed in tumor tissues by the infection with shTSPAN12-1 (Figure 6B) were significantly
shTSPAN12-1 (Figure 5G and 5H). These find- downregulated in comparison to both control
ings above further demonstrated TSPAN12 groups (HT29/scramble and SW1116/scram-
silencing could effectively suppress CRC tumor- ble), while caspase-3 and E-cadherin were
igenesis in vivo. upregulated in HT29 (Figure 6A) and SW1116

(Figure 6B) cells after TSPAN12 knockdown,
indicating these proteins play important roles
in TSPAN12 induced cell proliferation and
metastasis in CRC progression.

Mechanism study of TSPAN12 silencing was
performed in CRC cells

These in vitro and vivo experiments on the role

of TSPAN12 in CRC have shown that TSPAN12 Discussion

play a positive function in CRC proliferation

and metastasis. However, the regulatory mech- As an intense interest of current research,
anism of TSPAN12 in the tumorigenesis of aberrant expression of TSPAN12 has been doc-
CRC remains unclear. Therefore, we detected umented to play particularly important roles
the expression alteration of some cell proli- in human cancers [20], such as breast can-
feration and invasion markers using Western cer and lung cancer [15, 16]. Additionally,
blot analysis. The results indicated that pro- TSPAN12 has been demonstrated to play a crit-
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was associated with tumor
progression [24, 25]. As a
member of the transmem-
brane 4 superfamily, TSPAN-
12 has been shown to affect
beta-catenin protein expres-
sion and Wnt signaling path-
way [15, 26, 27], suggesting
its close relationship with
cancer cell behavior. Fur-
thermore, we investigated
the possible mechanisms of
TSPAN12-silencing for de-
creasing cell proliferation and
metastasis. As expected, the
findings from the Western
blot analysis showed the
marked decrease in the p-Akt,
p-Erk1/2 and Vimentin ex-

including p-Akt, p-Erk, caspase-3, E-cadherin and Vimentin in HT29 (A) and pression accompanied by

SW1116 (B) cells, respectively; GAPDH was used as internal control.

ical role in supporting primary tumor xenograft
growth in breast cancer and affecting over 400
genes involved in tumor metastasis [16]. In this
study, we firstly reported the oncogenicity of
TSPAN12 in the pathogenesis and progression
of CRC. Through tumor tissues analysis, we
found TSPAN12 expression was significantly
elevated in tumor tissues of CRC patients.
Detailed analysis revealed that increased
expression of TSPAN12 was positively correlat-
ed with worse clinicopathologic variables,
including TNM stage, tumor size and lymph
node metastasis. Consistent with this result,
higher TSPAN12 expression was also found in
cancer-associated stromal tissues [15], lung
cancer [21], breast cancer [22, 23]. These data
strongly suggest TSPAN12 might as an onco-
gene involved in CRC progression.

RNAi-mediated gene silencing could be effec-
tively used to suppress the proliferation of CRC
cells in vitro. In the present study, the expres-
sion of TSPAN12 was efficiently knocked down
in two CRC cell lines, HT29 and SW1116 to
carry out loss-of-function assays. Our data
demonstrated that knockdown of TSPAN12 sig-
nificantly inhibited cell proliferation, cell migra-
tion and invasion, and tumor formation in nu-
de mice, which could be explained by some
accumulating evidence suggests that altered
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notable increase in the E-
cadherin and caspase-3
expression in the CRC cells after transfected
with shTSPAN12-1.

Activation of Erk1/2 and Akt is reported to
respond to growth factor stimulation that
transmits growth and survival signals [28].
Knockdown of TSPAN12 significantly inhibited
the phosphorylation of Erk1/2, indicating that
TSPAN12 affected cell proliferation possibly
might via the blockade of Akt and mitogen-
activation protein kinase (MAPK) activation.
We also found shTSPAN12-1 mediated
TSPAN12-1 knockdown resulted in a signifi-
cant up-regulation of apoptosis in CRC cells.
Caspases, a family of proteases, are shown
to govern extrinsic and intrinsic apoptotic
pathways, which have been divided into
initiators or executioners of apoptosis [29].
Caspase-3 is thought as the primary ex-
ecutioner of apoptosis in the executioner class
[30]. Based on these evidences, we could
speculate that the inhibited cell growth was
partly due to enhanced cell apoptosis induced
by TSPAN12-silencing in CRC cells. In addition
to cell proliferation, tetraspanins are participat-
ed in signal transduction events related with
cell motility, including TSPAN8 [31] and
TSPAN13 [32]. Similarly, we found knockdown
of TSPAN12 could affect cell migration and
invasion by altering the expression of E-
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cadherin and Vimentin. As the hallmark of EMT,
E-cadherin plays an important role in the
progression of tumor metastasis and its
downregulation enhances this procedure [33,
34]. Vimentin plays a positive role in me-
senchymal cell migration and is required
for cytoskeleton elongation remodeling during
EMT [35]. Consistent with our results, removal
of TSPAN12 leads to decreased cell migration
and invasion by diminishing all membrane-
type 1-matrix metalloproteinase (MT1-MMP)-
dependent function [36]. From the above,
we therefore conclude that TSPAN12 might
promote migration and invasion through regu-
lating E-cadherin and Vimentin.

In summary, the present study at first time
provides new evidence of TSPAN12-silencing
could effectively inhibit cell growth, prolifera-
tion, migration and invasion during CRC devel-
opment and also be an effective therapeutic
tool for CRC treatment. Even though further
studies are needed to uncover the precise
mechanism of TSPAN12 in CRC progression,
our data still supply a novel molecular basis for
understanding and clinical treatment of CRC.
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