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Lung cancer is the leading cause of cancer related death worldwide and the prognosis is still poor with 5-
year survival of approximately 15%. Metastasis is the leading cause of death by cancer. Recent researches
have demonstrated that epithelial-to-mesenchymal transition (EMT) plays a key role in the early process
of metastasis of cancer cells. Here, we identified that SPARC/osteonectin, cwcv and kazal-like domains
proteoglycan 1 (SPOCK1) is a novel transforming growth factor-p1 (TGF-B) target gene that regulates lung
cancer cell EMT. TGF- has been reported as a major inductor of EMT. We observed that the expression of
SPOCK1 in lung cancer tumor tissues is significantly higher than matched normal lung tissues. Moreover,
the expression of SPOCK1 was also significantly higher in metastasis tumor tissues than non-metastasis
tumor tissues. Levels of SPOCK1 mRNA were increased among patients with shorter disease-free survival
times, indicating the potential role of SPOCK1 in lung cancer progression and metastasis. Silencing
SPOCK1 expression with endoribonuclease-prepared small interfering RNA (esiRNA) in lung cells inhibits
lung cancer cell growth, colony formation and invasion in vitro. Interestingly, ectopic expression of
SPOCKT1 in epithelial lung cancer cells induced EMT with increased expression of the mesenchymal mar-
ker Vimentin and decreased expression of epithelial marker E-cadherin. We also found that the expres-
sion of SPOCK1 was increased under treatment of TGF-B, indicating that SPOCK1 is a novel downstream
target of TGF-B. Taken together, our study showed that SPOCK1 is a novel metastasis related biomarker in
lung cancer and may be new diagnostic and therapeutic target for lung cancer.

© 2013 Elsevier Inc. All rights reserved.
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1. Introduction whose expressions are dysregulated during malignant tumor pro-

gression [5].

Lung cancer is the leading cause of cancer-related death, both in
the United States and worldwide; however, the prognosis is still
poor with a 5-year survival rate of approximately 15% [1]. Despite
improvements in early diagnostic modalities, around 50% of lung
cancer patients present with local or systemic advanced disease
[2]. Moreover, the majority of cancer patients die of metastasis
rather than the primary disease.

Recent studies have found that epithelial-to-mesenchymal
transitions (EMT) play a key role in the early process of tumor
metastasis. EMTs are trans-differentiation programs that are re-
quired for tissue morphogenesis during embryonic development
[3,4]. The EMT process can be regulated by a number of cytokines
and growth factors, such as transforming growth factor (TGF)-B,
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At the transcriptional level, a diverse list of embryonic tran-
scription factors, such as E-cadherin repressing Zinc finger proteins
Snail (SNAI1), and Slug (SNAI2), ZEB1 (3EF1) and ZEB2 (SIP1), the
basic helix-loop-helix proteins TWIST1 and TWIST2, and the
winged-forkhead transcription factor FOXC2, can be potently acti-
vated by TGF-B, resulting in epithelial-to-mesenchymal transitions.
However, other EMT core signature makers, such as SPOCK1, have
never been reported in lung cancer cells. Even less is known about
the function and mechanism by which SPOCK1 contributes to the
growth and progression of lung cancer cells.

SPOCK1 encodes a matricellular glycoprotein family member.
Other members of this family include SPARC, TESTICAN-2 and
TESTICAN-3. Among these, SPARC has been well documented; it
has been demonstrated to regulate proliferation, apoptosis, adhe-
sion and cell-matrix interaction in various cancers [6]. In view of
the similarity between SPOCK1 and SPARC in structure, it is of
great interest to investigate the role of SPOCK1 in the development
and progression of cancer. More interestingly, a number of studies
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have demonstrated that SPOCK1 plays a critical role in prostate
cancer recurrence, glioblastoma invasion and HCC progression
[7-9], indicating that SPOCK1 may also be involved in the invasion
of lung cancer. Here, we reported that the silencing of SPOCK1 can
inhibit the lung cancer cell growth rate and colony formation in
soft agar. Furthermore, the silencing of this protein decreases the
invasion ability of lung cancer cells. We also found that the induc-
tor of EMT-TGF-B treatment can induce the expression of SPOCK1,
which indicates that SPOCK1 may play a role in epithelial-to-mes-
enchymal transition in lung cancer.

2. Materials and methods
2.1. Patients, specimens and cell lines

NSCLC samples (40 samples) and their adjacent non-tumor lung
tissues were collected from patients who underwent lobectomy at
Drum Tower Hospital Affiliated to Nanjing University (Nanjing,
China). None of these patients received preoperative chemother-
apy or radiotherapy. The samples used in this study were approved
by the Committees for Ethical Review of Research Involving Hu-
man Subjects at the Drum Tower Hospital Affiliated to Nanjing
University. The mean age of the 40 NSCLC patients included in this
study was 58 years (range 32-78). The median follow-up period
was 32.4 months (range 2-87.6). A total of 55% (22/40) of NSCLC
patients were smokers or ex-smokers. Normal lung tissues were
obtained from the lung that had undergone surgery (without any
lung cancer disease). The NSCLC cell lines A549 and H1975 were
obtained from the American Type Culture Collection (ATCC) and
cultured in Dulbecco’s modified Eagle’s medium (DMEM) medium
(Invitrogen, CA) with 10% FBS and 100 U/ml penicillin/streptomy-
cin (Sigma, St. Louis, MO).

2.2. Real-Time quantitative reverse transcription PCR (RT-qPCR)

Total RNA from cell lines was extracted using TRIzol reagent
(Invitrogen, CA). The concentration of isolated total RNA was mea-
sured by a NanoDrop ND-1000 Spectrophotometer (Agilent, CA).
For mRNA detection, the total RNA was reverse-transcribed using
SuperScript Il First-Strand Synthesis System for RT-PCR (Invitro-
gen, CA). The qPCR was performed using the SoFast™ EvaGreenH
Supermix (Bio-Rad). HPRT1 was used as the internal control.

2.3. MTS assays

A549 and H1975 cells were transfected with the esiRNA of
SPOCK1 (esiSPOCK1) or esiControl (Sigma) using Lipofectamine
RNAiIMAX (Invitrogen, life Technologies, Carlsbad, CA, USA). 24 h
after transfection, transfected cells were seeded into 96-well plates
at a density of 5 x 10° per well (100 pl). For the MTS assay, the
CellTiter 96® AQueous One Solution Cell Proliferation Assay kit
(Promega, Madison, WI, USA) was used following the manufac-
turer’s instructions. Briefly, 2 h before each of the desired time
points (1-5 days), 20 pl of the MTS reagent was added into each
well and cells were incubated at 37 °C for around 2 h. The absor-
bance was detected at 490 nm using a Wallac Victor 1420 Multila-
bel plate reader. All experiments were repeated three times.

2.4. Soft agar colony formation assay

Single transfected A549 and H1975 cells (1 x 10%) were plated
onto a 6-well ultra-low attachment plate (Corning, Corning, NY)
in serum-free DMEM-F12, supplemented with 2 mM L-glutamine,
1% sodium pyruvate, 1% MEM nonessential amino acids, 100 pg/
ml penicillin, and 100 U/ml streptomycin supplemented with

20 ng/ml epithelial growth factor and 10 ng/ml fibroblast growth
factor-2 (Invitrogen). After 2-3 weeks of culture, the number of
spheres (diameter >40 um) was manually counted in three ran-
domly selected fields at a magnification of 40x under an inverted
fluorescence microscope. This assay was performed in triplicate in
three independent experiments.

2.5. In vitro Matrigel invasion assay

The cell invasiveness was assessed with the use of BioCoat
Matrigel Invasion Chambers (BD Biosciences, Bedford, MA). Med-
ium with 10% FBS was added to the lower chamber as a chemoat-
tractant. Then, equal numbers of transfected A549 and H9175 cells
were resuspended in 500 pl serum-free medium and seeded into
the rehydrated insert. After 24 h of incubation at 37 °C, non-invad-
ing cells on the upper surface of the Matrigel membrane were
gently removed with a cotton-tipped swab. The cells were then
fixed with 100% methanol and stained with 1% toluidine blue (Sig-
ma). The stained invasive cells on the lower surface of the mem-
brane were photographed under an inverted light microscope
(40x objective) and quantified by manual counting in three ran-
domly selected areas. This experiment was performed in duplicate
in three independent experiments.

2.6. Immunofluorescence analysis

The stable cells were seeded in the BD Falcon™ 8-well Culture-
Slide and incubated with primary antibodies against E-cadherin, or
Vimentin and then incubated with Alexa Fluor® 594 Goat Anti-
Rabbit IgG (Invitrogen). The culture slides were counterstained
with Hoechst 33342 and imaged with a confocal laser-scanning
microscope (Carl Zeiss). Data were processed with Adobe Photo-
shop 7.0 software for analysis.

2.7. Western blotting

A549 cells transfected with pcDNA3-SPOCK1 or transfected
with control cells were washed twice with PBS and solubilized in
radioimmunoprecipitation assay lysis buffer. The supernatants,
which contained the whole-cell protein extracts, were obtained
after centrifugation of the cell lysates at 12,000g for 10 min at
4 °C. Heat-denatured protein samples (20 pg per lane) were re-
solved by SDS-poly-acrylamide gel electrophoresis (PAGE) and
transferred to an Immobilon-P membrane (Millipore, Bedford,
MA). The membrane was incubated for 60 min in PBS containing
0.1% Tween 20 and 5% skim milk to block nonspecific binding, fol-
lowed by incubation for 1 h at room temperature with a primary
antibody. The membrane was washed three times for 10 min in
PBS with 0.1% Tween 20 and then incubated for 1 h with a second-
ary antibody. The membrane was washed thoroughly in PBS con-
taining 0.1% Tween 20, and the bound antibody was detected
with the use of enhanced chemiluminescence detection reagents
(Amersham Biosciences) according to the manufacturer's
instructions.

2.8. Statistical analysis

Data are presented as the mean * standard deviation. The data
were analyzed using the SPSS Windows version 12.0 software.
Statistical analyses were done by analysis of variance (ANOVA) or
Student’s t test. P values <0.05 were considered statistically
significant.
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3. Results

3.1. SPOCK1 is significantly upregulation in lung cancer and associated
with metastasis and survival

To investigate the clinical significance of SPOCK1 in NSCLC,
expression of SPOCK1 mRNA in 40 examples of NSCLCs (tumor
and corresponding non-tumor tissues) was compared by qRT-
PCR. The relative expression level of SPOCK1 was significantly
higher in tumor tissues compared with their non-tumor counter-
parts (P < 0.001, paired Student’s t-test; Fig. 1A). In another study,
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Fig. 1. SPOCK1 is significantly upregulation in lung cancer and associated with
metastasis and survival. (A) The expression of SPOCK1 in 40 pairs of lung cancer
tissue samples by qRT-PCR analysis. (B) The expression of SPOCK1 in 20 cases of
lung cancer tissues with metastasis and non-metastasis by qRT-PCR analysis. (C)
The Kaplan-Meier method was used to analyze survival in patients with lung
cancer. The average value of SPOCK1 in all 40 samples was chosen as the cut-off
point. The probability of patient survival: SPOCK1 high, n = 20; SPOCK1 low, n =20
(P=0.0024).

SPOCK1 was found to be significantly associated with advanced
clinical stage and metastasis [8]. Thus, we detected the expression
of SPOCK1 in metastatic and non-metastatic tissue of 20 paired
NSCLC patients. Interestingly, we found that NSCLC patients who
developed metastasis after lobectomy demonstrated a significantly
higher expression level of SPOCK1 than those without metastasis
(P <0.0001, Student’s t-test, Fig. 2B), which implies that SPOCK1
may play a role in metastasis. More intriguingly, overexpression
of SPOCK1 was significantly correlated with shorter disease-free
survival (DSF) of patients (P =0.0024; Fig. 2C).

3.2. Silencing of SPOCK1 inhibits lung cancer cell growth rate and
colony formation in soft agar

To explore the role of SPOCK1 in tumorigenicity, esiSPOCK1 was
transfected into the NSCLC cell lines A549 and H1975. The expres-
sion of SPOCK1 in esiSPOCK1-transfected cells was confirmed by
gRT-PCR analysis (Fig. 2A and B). The tumorigenic ability of
SPOCK1 was assessed by cell proliferation and soft agar assays.
Compared with esiControl-transfected cells, esiSPOCK1-transfec-
ted cells exhibited decreased growth rates (Fig. 2C and D), and less
colony-forming abilities in soft agar (Fig. 2E and F). All of these
experiments suggest that the silencing of SPOCK1 inhibits the lung
cancer cell growth rate and colony formation in soft agar.

3.3. Silencing of SPOCK1 inhibits lung cancer cell invasion in vitro

To further investigate the potential effects of SPOCK1 inhibition
on lung cancer metastasis, an in vitro Matrigel invasion assay was
performed in A549 and H1975 cells with SPOCK1 silencing by esiS-
POCK1 transfection. The Matrigel invasion assay demonstrated
that the invasive capability of A549 and H1975 cells with silencing
of SPOCK1 expression was significantly decreased compared with
esiControl-transfected A549 and H1975 (Fig. 3A). The invaded cells
number was counted and indicated in the Fig. 3B. These results
indicate that SPOCK1 silencing significantly abolished lung cancer
cell invasion in vitro.

3.4. SPOCK1 induces EMT in epithelial lung cancer cells and is a novel
target of TGF-

To identify whether silencing of SPOCK1 could abolish the inva-
siveness of lung cancer cells via going through EMT process. We
further ectopic expression of SPOCK1 in epithelial lung cancer cell,
A549. We observed that A549 cells transfected with pcDNA3-con-
trol vector displayed cobblestone-like epithelial appearance, while
these cells transfected with pcDNA3-SPOCK1 showed spindle-like
mesenchymal phenotype (Fig. 4A). Next, we detected the biomark-
ers of EMT by immunofluorescence analysis and Western blotting.
Consistently, we found that A549 transfected with pcDNA-control
expressed high level of E-cadherin, which is the characteristic bio-
marker of epithelial cells. While in A549 transfected with pcDNA3-
SPOCK1, Vimentin was highly expressed, indicating the display of
mesenchymal phenotype (Fig. 4C-F). Interestingly, we also ob-
served that the expression of SPOCK1 was increased under treat-
ment of TGF-B, indicating that SPOCK1 is a novel downstream
target of TGF-B (Fig. 4B). Therefore, SPOCK1 induces EMT in epithe-
lial lung cancer cells and is a novel target of TGF-f.

4. Discussion

SPOCK1 is a proteoglycan protein that was first isolated in hu-
man testes and initially called “TESTICAN”. It is dysregluated in
many organs and tissues, including the brain cartilage, vascular
endothelium, lymphocytes, and neuromuscular junctions [10-12].
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Fig. 2. Silencing of SPOCK1 inhibits lung cancer cell growth rate and colony formation in soft agar. (A and B) The expression of SPOCK1 in A549 (A) and H1975 (B) cells
transfected with esi-Control or esiSPOCK1 by qRT-PCR analysis. (C and D) The cell growth rate was detected in A549 and H1975 cells transfected with esiSPOCK1 or esiControl
by MTS assay at different time points (1-5 days). (E) The represent image of soft agar colony formation in A549 and H1975 cell transfected with esiSPOCK1 or esiControl. (F)
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Fig. 4. SPOCK1 induces EMT in epithelial lung cancer cells and is a novel target of TGF-p. (A) Morphological change from an epithelial cobblestone phenotype to an elongated
fibroblastic phenotype of A549 cells transfected with pcDNA3-control or pcDNA3-SPOCK1. (B) The expression of SPOCK1 was examined by qRT-PCR at different point of TGF-B
(5 ng/ml) or PBS control treatment. (C and D) The protein expression of SPOCK1, E-cadherin and Vimentin in A549 cells transfected with pcDNA3-control or pcDNA3-SPOCK1.
(E and F) Expression of E-cadherin, Vimentin, and Hoechst 33342 in A549 cells transfected with pcDNA3-control or pcDNA3-SPOCK1 were analyzed by confocal microscopy.
The red signal represents staining for E-cadherin or Vimentin. Nuclear DNA was detected by staining with Hoechst 33342. Scale bar represents 20 pm. (For interpretation of
the references to color in this figure legend, the reader is referred to the web version of this article.)

Recently, SPOCK1 was also identified to be over-expressed in HCCs
[8]. In our findings, SPOCK1 was also highly expressed in tumor tis-
sues compared with normal lung tissues, indicating that it may play
a role in lung cancer development. Interestingly, the inhibition of
SPOCK1 significantly decreased the cancer cell growth capability
and colony formation in soft agar, suggesting its role in cancer cell
growth and proliferation.

Metastasis is the commonest cause of death in lung cancer pa-
tients and a multistep of cellular processes. This process ends at
the spread of tumor cells from a primary tumor to a secondary site
within the body. It usually involves a variety of complicated molec-
ular and cellular factors related to cell proliferation and migration,
the degradation of base membrane and invasion, adhesion and
angiogenesis. At the molecular level, the acquisition of genetic
and/or epigenetic alterations, along with the cooperation of stro-
mal cells, contributes to successful events of cancer metastasis
[13,14]. In vivo, we found that SPOCK1 is significantly associated
with metastasis and the silencing of SPOCK1 inhibits both A459

and H1975 cell invasion in vitro, indicating that SPOCK1 is a metas-
tasis-related genetic alteration in lung cancer cells.
Epithelial-to-mesenchymal transition is a crucial step in tumor
progression and plays a critical role during cancer invasion and
metastasis. During this process, epithelial cells lose their properties
and acquire mesenchymal phenotypes. Morphologically, cancer
cells usually lose compact cell-cell adhesion and transfer to fibro-
blast-like morphology during EMT. In addition, mesenchymal phe-
notype cells present decreased epithelial-related markers such as
E-cadherin, and increased mesenchymal-related markers such as
Vimentin [15,16]. In the current study, we found that SPOCK1
was associated with metastasis, both in vitro and in vivo. We also
found that silencing of SPOCK1 in A549 drives cancers cells to mor-
phologically change to more scattered mesenchymal-like cells.
More importantly, the increased expression of Vimentin and de-
creased expression of E-cadherin suggested that those cells had
undergone the EMT change. Our findings indicate that SPOCK1
may drive cells to undergo EMT and result in the metastasis of
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cancer cells. More interestingly, we found that TGF-B can induce
the expression of SPOCK1, which prompts us speculate that TGF-
B/SPOCK1 may be the crucial axis during lung cancer cell
metastasis.

Of clinical relevance, we first found that SPOCK1 was signifi-
cantly up-regulated in lung cancer metastasis more than that in
non-metastatic tumor tissues. Also, we observed that after surgery,
compared with lung cancer patients with high SPOCK1 expression,
those with low SPOCK1 expression had better disease free survival
times. Taking these factors together, SPOCK1 may be a novel ther-
apeutic or prognostic biomarker in lung cancer treatment.

Collectively, we have demonstrated that the expression of
SPOCK1 is associated with metastasis and the disease free survival
time of lung cancer patients. We hypothesize that the TGF-/
SPOCK1 axis may play an important role during the EMT of lung
cancer cells and result in the metastasis of cancer cells. These
observations support our belief that SPOCK1 is a promising
therapeutic target for inhibiting metastasis and is a prognostic bio-
marker for lung cancer.
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