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ABSTRACT
Patients with prostate cancer (PCa) have a variable prognosis. It is challenging
to recognize the progressive disease. In this study, we focused on TSPAN1, a new
member of the tetraspanin family. Its expression was decreased in progressive PCa
and was an independent prognosis factor of biochemical recurrence after radical
prostatectomy. In vitro, knockdown and overexpression of TSPAN1 in PCa cell lines
showed that TSPAN1 could inhibit cell proliferation and migration. TSPAN1 was
positive related to PTEN in both clinical specimen and mouse models. The combination
of these two markers could increase their prognosis value especially in low risk
patients. In vitro TSPAN1 knockdown resulted in increased Akt phosphorylation
and caused evident cell cycle transition from G1 to S phase. Our data suggests that
TSPAN1 is a valuable marker to recognize more progressive PCa.

INTRODUCTION

cancer still remain some problems [4]. It is reported that
many patients within the low-risk subgroup have an
excellent outcome even without any salvage treatment after
biochemical recurrence [5]. This phenomenon indicates
variation among this group of patients, which may make
treatment in dilemma. It suggests that the molecular
differences should be taken into consideration [6].
Tetraspanins are a heterogeneous group of four
transmembrane proteins, which are expressed across
evolution from sponges to mammals [7]. Studies have
established that they can affect tumor metastasis by
forming tetraspanin-enriched membrane micro-domains

Prostate cancer is the most diagnosed and the second
death leading cancer in the United States [1]. Radical
prostatectomy (RP) is a standard method to treat localized
prostate cancer. Biochemical relapse is a sensitive marker
to predict tumor recurrence after the operation, including
local recurrence and metastasis [2]. Identifying risk factors
for metastasis progression in patients with biochemical
recurrence is crucial. Patients with low risk of metastasis
are response well to locally salvage therapy [3]. However,
clinical methods to detect potential metastasis progression
www.impactjournals.com/oncotarget
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TSPAN1 expression was an independent prognosis
factor of biochemical recurrence after RP

(TEMs) with other tetraspanins and with a variety of
trans-membrane and cytosolic proteins through different
mechanisms. For example, CD82 is recognized as a
typical metastasis suppressor. It can interact with integrin
and then form a protein complex with c-Met. Through
the recruitment of regulation cofactors, CD82 influences
the protein complex function, which results in promoting
matrix adhesion and inducing senescence [8–9]. On
the other hand, CD151 and tetraspanin8 are shown to
promote metastasis by supporting cell motility [10–12].
The controversial role of tetraspanins in tumor progression
may be due to their function of serving as a scaffold to
interact with various proteins.
TSPAN1 is a novel member of the tetraspanin
family [13], and its role in tumor progression is not
entirely understood. Studies in gastric, colonic, and
cervical cancer have shown that TSPAN1 can promote
tumor cell proliferation and invasion in vitro and its
expression is elevated in these primary tumor tissues of
human [14–16]. However, in breast cancer it is reported
that although TSPAN1 gene is amplified in most nonmetastasis primary lesions, it is more likely to be
obliterated in metastasis matched primary lesions [17].
Thus, TSPAN1 has a clinical potential in distinguishing
more progressive patients after operation or biopsy. To our
knowledge, TSPAN1 expression panel in prostate cancer
was still unreported, and all of the researches above didn’t
show possible mechanisms of TSPAN1. Therefore, we
decided to investigate clinical significance of TSPAN1 in
our postoperative prostate cancer cohort and attempted to
explore its function.

We further assessed TSPAN1 protein expression
in our Asian radical prostatectomy cohort and divided
it into three levels according to the criteria described
in the method (Figure 2A). The protein expression
had no significant differences between tumor and
paracancerous tissues (Figure 2B). The tumor
characteristics and clinical features of 118 patients
were summarized in Table 1, and TSPAN1 expression
was not significantly correlated with other clinical
characteristics (Table 2). However, the low expression
level was significantly related to the early biochemical
recurrence after radical prostatectomy (Figure 2C), high
vs. low expression P < 0.0001 HR = 0.262 (0.102,0.428),
mid vs. low expression P = 0.007 HR = 0.373
(0.183,0.747). According to log rank test, high baseline
PSA, high Gleason score were also significantly related
to early biochemical recurrence. Multivariate analysis
with cox regression showed that TSPAN1 expression
level was an independent prognosis factor of biochemical
recurrence after RP and was superior to the other two
variables, P = 0.002 HR = 0.669 (0.518,0.865) (Table 3).
TSPAN1 expression was decreased in more progressive
prostate tumors, and it could be used to predict the early
biochemical recurrence after radical prostatectomy.

TSPAN1 suppressed proliferation and migration
of prostate cancer cells in vitro
To confirm the role of TSPAN1 during prostate
cancer development, we altered its expression in two
prostate cancer cell lines LNCaP and DU145 (phenotype
of manipulating TSPAN1 in PC3 cells was presented
in Supplementary Figure S1A–S1C). Knockdown and
overexpression of TSPAN1, respectively, were confirmed
by western blot analysis (Figure 3A). MTT assay was
performed to assess the effects on the prostate cancer
cells proliferation. The results demonstrated that the
knockdown of TSPAN1 promoted cell proliferation in
both LNCaP and DU145 cells while the overexpression
exhibited a contrasting effect (Figure 3B). Changes in
cell migration were also analyzed by transwell assay.
In accordance with proliferation, decreased TSPAN1
promoted cell migration, whereas overexpression
inhibited it (Figure 4) in both the cells. Then we restored
TSPAN1 expression in the knockdown cells. In both
LNCaP and DU145, re-expressing TSPAN1 could
reverse the aggressive phenotype of cell proliferation and
migration (Figure 5).

RESULTS
TSPAN1 expression was decreased in metastasis
prostate cancer lesions
TSPAN1 expression was tested by qPCR in our
frozen human prostate cancer samples and paired
paracancerous tissues. The result analyzed by paired
t-test did not show any differences, P = 0.2977
(Figure 1A). Expression of TSPAN1 in prostate cancer
patients was also explored in published datasets. It
was found to be significantly decreased in metastasis
lesions vs. normal prostate P = 0.0004; vs. primary
tumor P < 0.0001 (Figure 1B, from GSE35988 dataset).
The expression pattern of TSPAN1 in prostate cancer
was consistent with that from the breast cancer [17].
Analysis of data from GSE16560, derived from a
prominent Swedish watchful waiting cohort [18],
the decrease of TSPAN1 expression was significantly
related to the early occurrence of disease progression
(Figure 1C). Although its effect on overall survival was
not significant (Figure 1D), TSPAN1 could be a marker
that distinguishes more progressive prostate cancer from
the indolent.
www.impactjournals.com/oncotarget

TSPAN1 expression was positive related to
PTEN
We explored the published data from Oncomine
and found that TSPAN1 expression was significantly
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Table 1: Clinical characteristic of patients in the study
Variables
Numbers, n (%)
Age at diagnosis, yr.
Year of surgery
No. of biochemical recurrence, n (%)
Follow-up time of censored patients, yr.
Preoperative PSA, ng/mL
Pathologic Gleason score, n (%)
≤6
7
8
≥9
Adverse pathologic events, n (%)
Extra-prostatic extension
Seminal vesicle invasion
Lymph node invasion
Positive surgical margins
TSPAN1 expression score, n (%)
Low
Moderate
High

All patients
118 (100)
66 (61–71)
2009 (2007–2010)
47 (39.8)
6.4 (5.6–7.4)
16.0 (10.4–31.6)
29 (24.6)
53 (44.9)
21 (17.8)
15 (12.7)
26 (22.0)
13 (11.0)
4 (3.4)
6 (5.1)
26 (22.0)
24 (20.3)
58 (49.2)

Table 2: Correlation between TSPAN1 expression and multiple clinicopathological characteristics
Variables
Age at diagnosis, yr
< 66
≥ 66

Low

TSPAN1 expression
Mid

High

0.124
10 (18.2%)
16 (30.8%)

10 (18.2%)
13 (25.0%)

35 (63.6%)
23 (44.2%)

Preoperative PSA, ng/mL
< 16.0
≥ 16.0
Adverse pathologic events
Without APE
With APE
Pathologic Gleason score
≤6
7
≥8

0.279
9 (18.8%)
16 (28.1%)

13 (27.1%)
9 (15.8%)

26 (54.2%)
32 (56.1%)

18 (21.7%)
8 (32.0%)

18 (21.7%)
6 (24.0%)

47 (56.6%)
11 (44.0%)

0.468

0.818
5 (22.7%)
11 (21.6%)
10 (31.3%)

4 (18.2%)
13 (25.5%)
7 (21.9%)

decreased in patients with PTEN dysfunction (Figure
6A). It was reported that PTEN dysfunction was
markedly associated with seminal vesicle involvement,
extracapsular extension, predicted interval to the
development of metastasis, and prostate cancer-specific
www.impactjournals.com/oncotarget

P value

13 (59.1%)
27 (52.9%)
15 (46.9%)

mortality [19]. As PTEN was a crucial inhibitor of
PI3K/Akt pathway, its loss of function could result in
a consistent activation of Akt, which is an important
mechanism of disease progression in prostate cancer [20].
The sequencing result from our p53pc-/- Ptenpc-/- mouse
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Table 3: TSPAN1 is an independent prognosis factor of biochemical recurrence after RP*
Biochemical recurrence
Variables
Groups

No.

< 66
≥ 66
Before 2009
After 2009

47
20
27
28
19

Median
survival (mo.)
72
72
60
36
72

Preoperative PSA,
ng/mL

< 16.0

17

81

≥ 16.0

30

26

Adverse
pathologic events

Without APE**

37

78

With APE

10

58

≤6

11

102

7
≥8

22
13

72
26

Low

22

18

Total
Age at diagnosis
Year of surgery

Pathologic
Gleason score

TSPAN1
expression score

Log rank test
P value

HR (95% CL)

0.875

1.047 (0.586, 1.872)

0.103

0.635 (0.344, 1.080)

0.004

2.339 (1.320, 4.191)

0.163

1.629 (0.793, 4.075)

1
0.169
0.021

Cox regression
analysis
HR
P value
(95% CL)

0.123

1.679
(0.869, 3.244)

0.360

1.224
(0.794, 1.887)

0.002

0.669
(0.518, 0.865)

1.649 (0.817, 3.218)
2.438 (1.190, 6.558)
1

Moderate
9
102
0.007
0.373 (0.183, 0.747)
High
13
Undefined
< 0.0001
0.262 (0.102, 0.428)
*RP: radical prostatectomy; **APE: adverse pathologic events, including extra-prostatic extension, seminal vesicle invasion,
lymph node invasion, and positive surgical margins.

Knockdown of TSPAN1 could activate PI3K/Akt
pathway and change cell cycle

model was in accordance with the published patients’
data. Compared to wild type mouse, p53pc-/- Ptenpc-/- mouse
could form invasive prostate cancer that was invariably
lethal by 7 months of age [21]. The sequencing was
performed with tumor tissues from p53pc-/- Ptenpc-/- mouse
and normal prostate from wild-type mouse at 6 weeks
(Figure 6B and 6C). TSPAN1 expression was significantly
decreased in p53pc-/- Ptenpc-/- mouse (Figure 6D) and was
confirmed by qPCR test (Supplementary Figure S1D).
Although PTEN loss was related to high invasive diseases,
we classified patients of GSE16560 database by PTEN
expression and found PTEN had limited prognosis value
in these low risk patients (data not shown). However,
patients with PTEN TSPAN1 double low expression were
significantly progressive than double high expression ones
(Figure 6E). In the cohort of GSE21032, PTEN expression
could predict BFS time (P = 0.02), and patients with
PTEN TSPAN1 double low expression had a tendency
of shorter biochemical free survival time than patients
only with PTEN low expression (Figure 6F). Above all,
TSPAN1 was positive related to PTEN expression and
could add prognosis value of PTEN in predicting disease
progression.

www.impactjournals.com/oncotarget

LNCaP and DU145 cells were transfected with
TSPAN1 siRNA to assess the function of PI3K/Akt
pathway. Quantitative RT-PCR confirmed the knockdown
efficiency (Figure 7A). Although TSPAN1 knockdown did
not alter the expression of total Akt, the phosphorylated
protein was significantly increased, which indicated
the activation of PI3K/Akt pathway. Moreover, we also
found that phosphorylated Erk was increased in TSPAN1
knockdown cells (Figure 7B). These results suggested
that TSPAN1 might play a major role in cell signal
transduction. To further confirm the effect of PI3K/Akt
pathway activation caused by the TSPAN1 knockdown,
cell cycle, and apoptosis was tested by western blot and
flow cytometric analysis in LNCaP cells. Consequent to
TSPAN1 knockdown, the proportion of cells in S and G2
phases was noticeably increased (Figure 7C). The Western
analysis also showed an up-regulation of cyclinE, which
is required for the transition from G1 to S-phase of the
cell cycle. There was no significant evidence that TSPAN1
could promote cell apoptosis (Figure 7D).
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Figure 1: Expression of TSPAN1 in samples and published databases. (A) TSPAN1 mRNA level in prostate tumors

and corresponding paracancerous tissues were obtained using quantitative real-time PCR. TSPAN1 mRNA expression levels
were normalized to GAPDH mRNA expression. There were no significant differences between the two groups (n = 10, paired t test
P = 0.2971). (B) Expression of TSPAN1 was significantly decreased in metastasis lesions compared to primary cancer and normal tissues
(vs. normal prostate P = 0.0004, vs. primary tumor P < 0.0001). (C and D) In a Swedish watchful waiting cohort, patients with low
expression of TSPAN1 display a significant shorter time of progressing into lethal disease (metastasis or disease specific death, P = 0.036)
and a tendency of shorter overall survival but not significant (P = 0.06). Low expression was defined by lower than average expression
level of this cohort.

Figure 2: TSPAN1 protein expression in our radical prostatectomy cohort. (A) Different expression levels of TSPAN1

in postoperative tissue samples. a) low expression b) mid expression c) high expression (20 × magnification). (B) TSPAN1 protein
expression had no significant differences between tumor (left inferior) and paracancerous tissues (right superior) (10 × magnification).
(C) Kaplan-Meier method and log-rank test were used to evaluate biochemical recurrence free survival and compare the differences.
Low expression level of TSPAN1 predicted early biochemical recurrence after radical prostatectomy, high vs. low expression P < 0.0001
HR = 0.262(0.102,0.428), mid vs. low expression P = 0.007 HR = 0.373(0.183,0.747).
www.impactjournals.com/oncotarget
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Figure 3: TSPAN1 affected proliferation of prostate cancer cells in vitro. (A) Knockdown and overexpression of TSPAN1 in

LNCaP and DU145 cell lines analyzed by western blot. β-tubulin was used as a loading control for western blot assays. (B) MTT assay was
performed to evaluate the TSPAN1 on the proliferation of LNCaP and DU145 at indicated time points. a) TSPAN1 knockdown promoted
cell proliferation in LNCaP; b) TSPAN1 overexpression inhibited cell proliferation in LNCaP; c) TSPAN1 knockdown promoted cell
proliferation in DU145; d) TSPAN1 overexpression inhibited cell proliferation in DU145.

Figure 4: TSPAN1 affected migration of prostate cancer cells in vitro. Transwell assay was performed to evaluate the TSPAN1

on the migration of LNCaP and DU145. LNCaP was fixed in 20% methanol and stained by 0.1% crystal violet after 42 h; DU145 was fixed
and stained after 12 h. (A) TSPAN1 knockdown promoted cell migration in LNCaP; (B) TSPAN1 overexpression inhibited cell migration
in LNCaP; (C) TSPAN1 knockdown promoted cell migration in DU145; (D) TSPAN1 overexpression inhibited cell migration in DU145.
www.impactjournals.com/oncotarget
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Figure 5: Restoring TSPAN1 in knockdown cells could reverse the aggressive phenotype of proliferation and
migration. (A) TSPAN1 restoring was checked by qPCR test. (B) MTT essay of TSPAN1 restoring in DU145 cells. On the 4th day:

KD vs. EV, P= 0.0215; KD+OE vs. EV, P= 0.3328. (C) MTT essay of TSPAN1 restoring in LNCaP cells. On the 6th day: KD vs. EV,
P = 0.0039; KD+OE vs. EV, P = 0.0629. (D) Transwell essay of TSPAN1 restoring in DU145 cells. KD vs. EV, P < 0.0001; KD+OE vs.
EV, P = 0.0637. (E) Transwell essay of TSPAN1 restoring in LNCaP cells. KD vs. EV, P < 0.0001; KD+OE vs. EV, P = 0.8190.

Figure 6: TSPAN1 expression was positive related to PTEN and could increase its prognosis value. (A) TSPAN1 expression

was significant decreased in patients with Pten dysfunction, P < 0.01 (data from Oncomine database). (B) Prostate samples from a) wild type
mouse and b) P53pc−/−Ptenpc−/− mouse at 6 weeks. (C) Pathology confirmation of a) normal prostate tissue from wild type mouse and
b) invasive prostate cancer tissue from P53pc-/-Ptenpc-/- mouse by HE stain (20 × magnification). (D) Sequencing results from P53pc−/−
Ptenpc−/− and wild type mouse prostate samples indicated TSPAN1 expression was significantly decreased in P53pc−/− Ptenpc−/− mouse,
P < 0.01. (E) Patients with PTEN TSPAN1 double low expression were significantly progressive than double high expression ones, data
from GSE16560, P=0.05. (F) Patients with PTEN TSPAN1 double low expression had a tendency of shorter biochemical free survival
time than patients only with PTEN low expression, data from GSE21032. PTEN high vs. PTEN low, P = 0.020; PTEN high vs. PTEN low
TSPAN1 low, P =0.007.
www.impactjournals.com/oncotarget
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DISCUSSION

markers and showed a large priority of gene tests in
distinguishing indolent prostate cancer from progressive
ones [24–26]. However, according to our knowledge
TSPAN1 wasn’t reported before in prostate cancer. Our
results suggested that TSPAN1 might be a potential one
for further large clinical cohort test. According to our
data, decreased TSAPN1 expression was an independent
predictor of early biochemical recurrence and was
a character of metastasis prostate cancer. Moreover,
TSPAN1 overexpression in prostate cancer cells can
inhibit proliferation and migration. So we suggested that
patients with high expression of TSPAN1 might achieve
less benefit from immediate salvage treatment especially
when it was thought to be clinical low risk biochemical
recurrence.

Tumor recurrence after radical prostatectomy was
an adversity in the treatment of prostate cancer. PSA
was a sensitive marker of recurrence and should be
followed after radical prostatectomy. Early biochemical
recurrence was proved to be a predictor of developing
metastatic disease [22]. However, a long time follow-up
study showed only about 34% of biochemical recurrence
patients developed metastatic disease without immediate
salvage treatment [23]. This result indicated PSA couldn’t
distinguish the indolent tumors versus aggressive PCa. The
variety of individual patients made the timing of salvage
treatment after biochemical recurrence controversial. To
solve this problem, some studies explored new molecular

Figure 7: Knockdown of TSPAN1 could activate PI3K/Akt pathway and change cell cycle. (A) Knockdown efficiency by

TSPAN1 siRNA oligo transfection in LNCaP and DU145 was confirmed by real-time RT-PCR on the 6th day after transfection, TSPAN1
mRNA expression was normalized to GAPDH mRNA expression. (B) The antibodies against AKT, phospho-AKTS473 (p-AKT), ERK,
Phospho-Erk1/2Thr202/Tyr204 (p-ERK) were used to determine the effect of TSPAN1 on the activities of PI3K/Akt and MAPK signaling.
TSPAN1 knockdown significantly increased the levels of p-AKT and p-ERK in both LNCaP and DU145 cells. (C) The cell cycle phases
are analyzed by flow cytometer in LNCaP cells 3 days after transfection (Negtive Control siRNA oligo and TSPAN1 siRNA oilgo). The
number of TSPAN1 knockdown cell decreased in G1 (2N) and increased in S and G2 (4N) phases compare to negative control cell. (D)
CyclinE was increased in TSPAN1 knockdown LNCaP cells compared to negative control cells 3 days after transfection. Caspase 3 and its
cleaved forms showed no significant differences.
www.impactjournals.com/oncotarget
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In this study, we first proved that TSPAN1
knockdown increased the phosphorylation level of Akt
in vitro (Figure 8) and changed cell cycle from phase G1
to S. PI3K/Akt pathway was one of the most prominent
alternate pathways in prostate cancer. It may induce
disease progression through the activation of downstream
growth and survival pathways, which could be reflected as
cell cycle changes and apoptosis inhibition [27]. Another
method of PI3K/Akt pathway activation in tumors was
losing of its suppressor, PTEN. The PTEN gene on
chromosome 10q23.3 was the most commonly deleted gene
in prostate cancer [28]. Studies have proved that PTEN
loss was independently associated with increased risk of
lethal progression [29–30]. According to our data, TSPAN1
expression was positive related to PTEN in both patients’
specimen and mouse model. What’s more, on the basis of
PTEN classification, TSPAN1 could enhance the prognosis
value of PTEN in prostate cancer patients, especially in
clinical low risk groups. Among these patients, PTEN alone
didn’t have a significant prognosis value.

The study also had limitations. Due to the
limitation of follow up time, biochemical recurrence
was the only analyzable end point of our cohort
right now. Our cohort excluded patients received
postoperative adjuvant treatment in order to exclude the
interference with BFS from postoperative intervention.
As a result, our cohort had a low percentage of high-risk
patients, especially the patients with adverse pathology
events. We believed the small number might be the
reason causing no significant associations between
adverse pathology and BCR. And our negative results
does not necessarily mean there were no associations
for TSPAN1 with APEs, Gleason score, and PSA. In
conclusion, decreased expression of TSPAN1 in prostate
cancer led to increased cell proliferation and migration,
plausibly through the activation of PI3K/Akt pathway.
Also, TSPAN1 was an independent prognosis factor of
biochemical recurrence after radical prostatectomy and
might have practical value especially in clinical low risk
patients.

Figure 8: TSPAN1 could suppress the phosphorylation of Akt and inhibit PI3K/Akt pathway.
www.impactjournals.com/oncotarget
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MATERIALS AND METHODS

were kindly provided by the Institute of Health Sciences,
Shanghai. These were cultured at 37°C in a humidified
incubator (5% CO ) in RPMI-1640 medium (Gibco,
Carlsbad, CA, USA) supplemented with 10% fetal calf
serum (FCS), 100 U/mL penicillin, and 100 μg/mL
streptomycin.

Database analysis
Expression analysis of TSPAN1 in normal prostate,
primary tumor, and metastasis tissues was performed on
cohorts from microarray databases available on GEO and
Oncomine. Gene high or low expression level was divided
by median expression value.

Generation of stable cell lines
Three siRNA oligos were designed according to the
published TSPAN1 sequence from GenBank:
(si-1) 5ʹ-CACCAACACAGCCAAUGAATT-3ʹ
(si-2) 5ʹ-GUGUCCAUGUAUCUGUACUTT-3ʹ
(si-3ʹUTR) 5ʹ- TTTAGGCGATGCCTGACTTTC-3ʹ.
A TSPAN1 cDNA clone plasmid was purchased
from Youbio, Changsha, China. The recombinant
plasmids (pLKO.1-puro-shRNA TSPAN1, pCDH-puroTSPAN1) were constructed and sequenced by Boshang
Biotechnologies (Shanghai, China). LNCaP and DU145
cell lines stably expressing TSPAN1-specific shRNA or an
empty vector, were constructed using the lentiviral shRNA
technique. LNCaP and DU145 cells were transduced
with lentiviral supernatant and selected under 2 μg/mL
puromycin for 1 to 2 weeks for stable transfectants.

Patients and tissue samples
Clinical parameters of 118 prostate cancer patients
who received radical prostatectomy were collected,
including age at diagnosis, baseline serum PSA, tumor
volume, Gleason score, adverse pathology events (extraprostatic extension, seminal vesicle invasion, lymph node
invasion, and positive surgical margins), and follow-up
PSA levels. All of these patients did not receive adjuvant
therapy until biochemical recurrence. Biochemical
recurrence was defined by the guidelines of NCCN. The
median follow-up time of censored patients was 6.4 years.
Tumor tissue samples were recognized by a pathologist
through the frozen section and were snap-frozen in liquid
nitrogen immediately after surgery along with paired
normal tissues. The use of pathological specimens, as
well as the review of all the pertinent patient record, was
approved by the institutional ethics review board, and
informed consent from the patients was obtained.

RNA extraction and quantitative RT-PCR
Total RNA was isolated from cultured cells, and
primary tumor samples using TRIzol reagent (Invitrogen,
Carlsbad, CA, USA) and was converted into the firststrand cDNA with the first-strand cDNA synthesis kit
(Tiangen Biotech Co. Ltd., Beijing, China) according to
the manufacturer’s instructions. Quantitative PCR was
performed using SYBR Master Mix (Takara, Japan) on
a LightCycler 480 System (Roche Applied Science,
Basel, Switzerland). Human GAPDH gene was used as
an endogenous control. Results were represented as the
fold expression relative to the control. PCR primers were
as follows:
human TSPAN1, forward 5ʹ-CATGCAGTTTGTC
AACGTGGG-3ʹ and reverse 5ʹ-CACTTGCTCTCAG
TCTTAGCAC-3;
human GAPDH, forward 5ʹ-GACTCATGACC
ACAGTCCATGC-3ʹ and reverse 5ʹ-AGAGGCAGGGAT
|GATGTTCTG-3ʹ.

Tissue microarray and immunohistochemistry
Specimens from radical prostatectomy were fixed in
formalin and embedded in paraffin. A tissue core around
1 mm in diameter containing dominant tumor area was
collected from each specimen and was arranged into a
recipient block to form a tissue microarray. TSPAN1
antibody (Santa Cruz, sc-376551, CA, USA) was diluted
(1:400) and added to the slides followed by incubation
overnight at 4°C. The slides were then washed in PBS
and incubated by anti-mouse EnVisionTM kit (DAKO,
Glostrup, Denmark) for 30 min at 37°C. Two observers
independently scored the degree of immunostaining and
were clinically blind. The proportion of positively stained
tumor cells was graded as: 0 (no positive tumor cells),
1 (< 10 %), 2 (10–50 %), or 3 (> 50 %). The intensity
of staining was scored as 0 (no staining), 1 (weak),
2 (moderate), or 3 (strong). The staining index was
calculated as the product of the two above. Specimens
with staining index score ≥ 6 was considered as high
expression, 3 – 4 as mid-expression, and ≤ 2 as low
expression.

Western blot analysis
Western analyzes were performed with protein
lysates (Thermo, USA) obtained from cultured cells.
Protein concentrations were determined using a BSA kit
(Thermo, USA). 20 µg of total denatured protein was
resolved on 10% or 12% SDS-polyacrylamide gels and
transferred onto a nitrocellulose membrane (Millipore,
Temecula, CA, USA). The membranes were blocked and
probed with primary antibodies overnight at 4°C: antiTSPAN1 (1:1000) from Abcam, Cambridge, UK; anti-

Cell culture
The human prostate cancer cell lines, LNCaP and
DU145 and HEK293T human embryonic kidney cells
www.impactjournals.com/oncotarget
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AKT, anti phospho--AKT (S473), anti-ERK, anti phospho-ERK (pT202/pY204), anti-cyclinD1, anti-casepase3,
and anti-cleaved caspase3 at 1:2000, respectively (Cell
Signaling Technology, Danvers, MA, USA), antiβ-tubulin,
anti-cyclinE, and anti-actin also at 1:2000, respectively,
(Santa Cruz). Membranes were washed three times
and incubated with horseradish peroxidase-conjugated
secondary antibodies (Abcam). The target protein bands
were visualized using enhanced chemiluminescence
method exposed on X-ray films.
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The effects of TSPAN1 knockdown and
overexpression on prostate cancer cells proliferation
were determined by MTT assay. Cells were seeded into
96-well plates (5 × 10 cells/well) and cultured for 6 days.
Subsequently, they were incubated with MTT (SigmaAldrich, St. Louis, MO, 15 μl/well) at 37°C for 4 h,
followed by 200 μl DMSO addition into each well. The
absorbance was measured at 570 nm.
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