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Knockdown of SPOCKI1 Inhibits the Proliferation and Invasion in
Colorectal Cancer Cells by Suppressing the PI3K/Akt Pathway
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Sparc/osteonectin, cwcev, and kazal-like domains proteoglycan (testican) 1 (SPOCK1), known as testican-1,
were found to be involved in the development and progression of tumors. However, in colorectal cancer (CRC),
the expression pattern of SPOCK1 and its functional role remain poorly investigated. In the present study,
we explored the role of SPOCKI1 in CRC. Our results demonstrated that SPOCKI1 is overexpressed in CRC
cell lines. SPOCKI1 silencing significantly inhibited the proliferation in vitro and the tumor growth in vivo.
Furthermore, SPOCK1 silencing significantly attenuated the migration/invasion by reversing the EMT process
in CRC cells. Finally, knockdown of SPOCK1 obviously decreased the protein expression levels of p-PI3K and
p-Akt in HCT116 cells. In total, our study demonstrated for the first time that knockdown of SPOCK1 inhibits the
proliferation and invasion in CRC cells, possibly through the PI3K/Akt signaling pathway. Therefore, SPOCK1
may be a potential therapeutic target for the treatment of CRC.
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INTRODUCTION

Colorectal cancer (CRC) is one of the most common
malignancies and is the second leading cause of cancer
death in humans (1). Despite very aggressive treatments,
including surgery and combined radiation treatment and
chemotherapy, most patients are initially diagnosed at the
advanced stages, and the 5-year survival rate is very low
(2—4). Therefore, efforts are urgently needed to explore
the molecular mechanisms of CRC for cancer-specific
cellular targets for novel therapeutic approaches.

Sparc/osteonectin, cwcv, and kazal-like domains pro-
teoglycan 1 (SPOCKI) is a proteoglycan that was first
isolated in human testes and encodes a matricellular gly-
coprotein belonging to a novel Ca**-binding proteoglycan
family (5). It is dysregulated in many organs and tissues
including the brain, cartilage, vascular endothelium, lym-
phocytes, and neuromuscular junctions (6-8). A growing
body of evidence indicates that SPOCKI plays a criti-
cal role in cell cycle control, apoptosis, DNA repair, and
metastasis (9-11). Recently, several studies showed that
SPOCKI is highly expressed in different human cancers
(12-15). One study showed that SPOCK1 expression was

significantly increased in human gallbladder cancer tissues,
and downregulation of SPOCK1 expression significantly
inhibited the proliferation, colony formation, and invasion,
as well as inhibited the tumor growth in vivo (16). How-
ever, in CRC, the expression pattern of SPOCK1 and its
functional role remain poorly investigated. In the present
study, we explored the role of SPOCK1 in CRC. We found
that knockdown of SPOCKI inhibits the proliferation and
invasion in CRC cells by suppressing the PI3K/Akt signal-
ing pathway.

MATERIALS AND METHODS
Cell Culture

Four human CRC cell lines (HCT116, HT29, SW480,
and Lovo) and normal colonic mucosa epithelial cell
line (NCM460) were purchased from the American
Type Culture Collection (ATCC; Manassas, VA, USA)
and maintained in Dulbecco’s modified Eagle’s medium
(DMEM; Gibco, Rockville, MD, USA) with 10% (v/v)
fetal bovine serum (FBS; Gibco) and 100 U/ml strepto-
mycin and penicillin (Gibco). All cells were incubated
in a 5% CO, humidified atmosphere at 37°C.
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Short Hairpin RNA-Mediated Knockdown of
SPOCKI and Cell Transfection

A specific SPOCKI1 short hairpin RNA (shRNA)
(shSPOCK1; 5-GUAAUGAGGAGGGCUAUUA-3’) and
the negative control ShRNA (shNC; 5-TTCTCCGAAC
GTGTCACGT-3") were synthesized by Sangon Biotech
(Shanghai) Co., Ltd. (Shanghai, PR. China). For in vitro
transfection, CRC cells were transfected with shSPOCK1
or shNC using Lipofectamine 2000 transfection reagent
(Invitrogen, Carlsbad, CA, USA) according to the manu-
facturer’s instructions. The transfection efficiency was
confirmed by RT-PCR and Western blot.

RNA Extraction and Quantitative Real-Time
Polymerase Chain Reaction (RT-gPCR)

Total RNA was extracted from CRC cells using TRIzol
reagent(Abcam, Cambridge, UK). Complementary DNAwas
prepared with the use of a First Strand cDNA Synthesis Kit
(Roche Diagnostics, Mannheim, Germany). RT-qPCR reac-
tions were performed on the Bio-Rad iQ5 real-time ther-
mal cyclers using SYBRH Premix Ex Taq™ II kit (Takara,
Dalian, PR. China). The following primers were used for
gPCR: SPOCK1, 5-CAACTGCTTGTTCCCAGAGG-3’
(sense) and 5-GCCAATGACTTCCCTATCCA-3’ (anti-
sense); and B-actin, 5-TTAGTTGCGTTACACCCTT
TC-3’ (sense) and 5-ACCTTCACCGTTCCAGTTT-3’
(antisense). All reactions were run in triplicate, and the
relative gene expression was calculated using the com-

parative threshold cycle (Ct) method [relative gene expres-
sion =2~ (ACtsample - ACt control)] |

Western Blot

The cells were lysed in lysis buffer containing 1% NP40,
1 mM EDTA, 50 mM Tris—HCI (pH 7.5), and 150 mM
NaCl, supplemented with complete protease inhibitors
mixture (Roche, Monza, Italy). The protein concentra-
tion was then determined using the Pierce® BCA Protein
Assay Kit (23225; Pierce). Then 30 ug of protein per lane
was separated by 12% SDS-PAGE and transferred onto
polyvinylidene difluoride membranes (Millipore, Boston,
MA, USA). After blocking with 2% nonfat dry milk in
Tris-buffered saline (TBS) for 1 h at room temperature,
the membrane was incubated with primary antibodies
(SPOCKI1, E-cadherin, N-cadherin, PI3K, p-PI3K, Akt,
and p-Akt antibodies; all from Santa Cruz Biotechnology,
Inc., Santa Cruz, CA, USA) overnight at 4°C, followed by
incubation with a horseradish peroxidase-conjugated sec-
ondary antibody (Santa Cruz Biotechnology, Inc.). Protein
bands were visualized by enhanced chemiluminescence
(Thermo Fisher Scientific, Rockford, IL, USA).

Cell Proliferation Assay

Cell proliferation was evaluated by MTT assay. Briefly,
infected cells were seeded in 96-well plates and cultured
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until 80% confluence was reached. They were then cultured
for 24,48, 72, or 96 h. At each time point, cells were stained
with 100 pl of MTT dye (0.5 mg/ml; Sigma-Aldrich) for 4
h at 37°C, followed by removal of the culture medium and
addition of 100 pl of dimethyl sulfoxide (Sigma-Aldrich).
Absorbance was determined at 490 nm.

Transwell Migration and Invasion Assays

Cell migration and invasion assays were performed in
a 24-well Boyden chamber with an 8-um pore size poly-
carbonate membrane (Millipore). For the migration assay,
5% 10* cells transfected with sShRNA-SPOCK1 were sus-
pended in serum-free medium and plated on chambers
(Corning Costar, NY, USA), and 500 ul of DMEM with
10% FBS was added into the lower compartment. After
incubating for 24 h at 37°C in the incubator supplemented
with 5% CO,, the tumor cells remaining inside the upper
chamber were removed with cotton swabs. The cells on
the lower surface of the membrane were fixed with 4%
paraformaldehyde, stained with 0.1% crystal violet, and
then counted in five random fields per well under a light
microscope (magnification: 100x). The invasion assay
was done by the same procedure, except that the mem-
brane was coated with Matrigel to form a matrix barrier.

Xenografted Tumor Model

Female Balb/c nude mice (45 weeks of age, 18-20 g)
were purchased from the Laboratory Animal Center of
Xi’an Jiaotong University Health Science Center and
were housed in barrier facilities on a 12-h light/dark
cycle. All experimental procedures were approved by
the Institutional Animal Care and Use Committee of the
Second Affiliated Hospital of Xi’an Jiaotong University.
HCT116 cells transfected with shSPOCK1 and the cor-
responding control cells (5x10%) were suspended in
200 ul of PBS and then injected subcutaneously into the
left axilla of the mice (five mice/group). Tumors were
examined every week; length, width, and thickness
measurements were obtained with calipers, and tumor
volumes were calculated. On day 29, animals were euth-
anized and tumors were excised and weighed.

Statistical Analysis

All statistical analyses were conducted using the
SPSS version 13.0 software, and the data are reported
as means=+SD. Statistical analysis involved using the
Student’s #-test for comparison of two groups or one-way
ANOVA for multiple comparisons. Differences with val-
ues of p<0.05 were considered significant.

RESULTS
SPOCKI Is Highly Expressed in CRC Cell Lines

SPOCKI1 expression was analyzed in four human
CRC cell lines (HCT116, HT29, SW480, and Lovo) and
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normal colonic mucosa epithelial cell line (NCM460)
by RT-qPCR and Western blot. Our results demonstrated
that the expression levels of SPOCKI1 of both mRNA
and protein were significantly increased in human CRC
cell lines, compared with the NCM460 cells (Fig. 1A
and B). HCT116 displayed a higher expression level of
SPOCK1. Therefore, we used HCT116 cells as a model
to investigate the effect of SPOCK1 on CRC cell prolif-
eration and invasion.

Knockdown of SPOCK]1 Inhibits CRC Cell
Proliferation In Vitro

To further investigate the effect of SPOCK1 on prolif-
eration, HCT116 cells were transfected with shSPOCK1
or shNC for 48 h. The results of the RT-qPCR dem-
onstrated that the mRNA expression of SPOCKI1 was
obviously reduced in HCT116 cells transfected with
shSPOCK1, compared to the shNC group (Fig. 2A). Sim-
ilarly, Western blot analysis showed that shSPOCK1 sig-
nificantly decreased the protein expression of SPOCKI1
in HCT116 cells (Fig. 2B). We used the MTT assay
to investigate the role of SPOCKI in the proliferation
of CRC cells. As shown in Figure 2C, knockdown of
SPOCKI1 significantly inhibited the proliferation of
HCT116 cells.

Knockdown of SPOCK1 Inhibits CRC Cell Migration
and Invasion by Reversing EMT Process

To investigate the effects of SPOCK1 on CRC cell
migration and invasion, we performed in vitro Transwell
migration assays. As shown in Figure 3A, compared with
the shNC group, knockdown of SPOCKI1 obviously
inhibited the migration of HCT116 cells. Consistent with
results of the Transwell assay, knockdown of SPOCK1
also greatly inhibited HCT116 cell invasion (Fig. 3B).
To determine whether SPOCKI regulates the migration/
invasion of CRC cells through the EMT processes, we
detected the expression levels of EMT-related markers
by Western blot. The results showed that knockdown of
SPOCKI significantly increased the protein expression
level of E-cadherin, but reduced the protein expression
level of N-cadherin in HCT116 cells, compared to the
shNC group (Fig. 3C).

Knockdown of SPOCKI Inhibits the
Growth of CRC In Vivo

To investigate the effects of SPOCK1 on CRC growth
in vivo, SPOCKI-depleted or control HCT116 cells
were injected into the left axilla of nude mice, and then
the tumor growth was monitored. The results indicated
that the tumors formed by SPOCKI1-silenced cells were
smaller, in both size (Fig. 4A) and weight (Fig. 4B), than
the tumors formed from shRNA vector control cells.

Knockdown of SPOCK]I Inhibits the Proliferation
and Invasion Through Inactivation of the
PI3K/Akt Signaling Pathway

To further investigate the mechanism of SPOCKI-
mediated CRC cell proliferation and invasion, we inves-
tigated the effect of SPOCKI1 on the expression of
certain molecules involved in the PI3K/Akt signaling
pathway in HCT116 cells. Western blot analysis showed
that knockdown of SPOCK1 obviously decreased levels of
PI3K and Akt phosphorylation in HCT116 cells, com-
pared to the shNC group (Fig. 5A). Furthermore, we
examined the effects of an Akt inhibitor (wortmannin)
on SPOCK1-mediated CRC cell proliferation and inva-
sion. The results showed that wortmannin enhanced the
effects sSiISPOCK1 on CRC cell proliferation (Fig. 5B)
and invasion (Fig. 5C).

DISCUSSION

In the present study, we focused on the role of SPOCK1
in CRC. Our results demonstrated that SPOCK1 is over-
expressed in CRC cell lines. SPOCK1 silencing significantly
inhibited the proliferation in vitro and the tumor growth in
vivo. Furthermore, SPOCKI1 silencing significantly attenu-
ated the migration/invasion by reversing the EMT process
in CRC cells. Finally, knockdown of SPOCK1 obviously
decreased the protein expression levels of p-PI3K and p-Akt
in HCT116 cells.

Previous studies reported that SPOCKI is implicated
in the development and progression of tumors. A recent
study showed that the expression of SPOCK1 dramati-
cally upregulated in human glioma tissues and cell lines,
and overexpression of SPOCKI1 promoted the prolif-
eration and inhibited apoptosis in glioma cells (15).
Another study reported that both ovarian cancer tissues
and the cell lines exhibited a higher level of SPOCKI,
and knockdown of SPOCKI1 by specific shRNA sig-
nificantly inhibited ovarian cancer cell proliferation and
colony formation in vitro and suppressed xenografted
tumor growth in vivo (17). In line with the results,
we found that downregulation of SPOCKI1 expression
greatly inhibited the proliferation in vitro and tumor
growth in vivo. Collectively, these results obtained from
both in vivo and in vitro experiments strongly suggest
that SPOCK1 may function as an oncogene and plays
an important role in the development and progression
of CRC.

EMT has been reported to play an important role in the
migration and invasion of tumor cells (18). Emerging stud-
ies have indicated that reduction or a loss of E-cadherin
expression is also one of the well-established hallmarks
of EMT and promotes the migration and invasion of
tumor cells (19-21). Recently, Song et al. confirmed that
upregulation of SPOCK1 induces EMT and promotes
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Figure 1. SPOCKI1 is highly expressed in CRC cell lines. (A) RT-qPCR analysis of SPOCK1 mRNA in four human CRC cell lines
(HCT116, HT29, SW480, and Lovo) and normal colonic mucosa epithelial cell line (NCM460). (B) Western blot analysis of SPOCK1
protein in four human CRC cell lines (HCT116, HT29, SW480, and Lovo) and normal colonic mucosa epithelial cell line (NCM460).
Data are expressed as mean+SD. *p<0.05 compared with the NCM460 group.

migration and invasion in esophageal squamous cell car-
cinoma (13). Ectopic expression of SPOCKI1 was also
found to induce EMT with increased expression of the
mesenchymal marker vimentin and decreased expression
of epithelial marker E-cadherin in epithelial lung cancer

cells (14). Consistent with the results of previous stud-
ies, in the present study, we observed that knockdown
of SPOCKI1 obviously inhibited the migration and inva-
sion in CRC cells. Moreover, knockdown of SPOCK1
significantly increased the protein expression level of
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Figure 2. Knockdown of SPOCK1 inhibits CRC cell proliferation in vitro. HCT116 cells were transfected with shSPOCK1 or shNC
for 48 h. The transfection efficiency was confirmed by RT-qPCR (A) and Western blot (B). Proliferation of HCT116 was detected by
the MTT assay (C). Data are expressed as mean+SD. *p<0.05 compared with the shNC group.
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Figure 3. Knockdown of SPOCKI inhibits CRC cell migration and invasion by reversing the EMT process. HCT116 cells were trans-
fected with shSPOCK1 or shNC for 48 h. (A) The migration of HCT116 cells was evaluated by a Transwell assay. (B) The invasiveness
of HCT116 cells was evaluated by a Matrigel-coated Transwell assay. (C) The expression levels of EMT markers were measured using
Western blot analysis. Data are expressed as mean+SD. *p <0.05 compared with the shNC group.
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Figure 4. Knockdown of SPOCKI1 inhibits the growth of CRC in vivo. SPOCK1-depleted or control HCT116 cells were injected into
the left axilla of nude mice, and then the tumor growth was monitored. (A) Tumor weights of the two groups. (B) Growth curves of
tumor size. Data are expressed as mean+SD. *p <0.05 compared with the shNC group.

E-cadherin, but decreased the protein expression level of
N-cadherin in HCT116 cells. These results suggested that
knockdown of SPOCKI1 inhibits CRC cell migration and
invasion by reversing the EMT process.

PI3K/Akt signaling pathway plays an important role
in regulating cancer cell proliferation, differentiation,
invasion, and apoptosis (22). PI3K/Akt signaling is
closely related with CRC development and progression.
Both PI3K and Akt are frequently activated in CRC and
are critical for CRC cell growth (23-26). It was reported
that activated Akt can drive epithelial mesenchymal tran-
sition as cells acquire fibroblast-like characteristics and
decreases the transcription of E-cadherin, which would

reduce cell adhesion and increase cell motility and inva-
sion (27). In this study, we examined the effect of SPOCK1
on the expression of PI3K and Akt phosphorylation in
HCT116 cells and found that knockdown of SPOCKI
obviously decreased levels of PI3K and Akt phosphory-
lation in HCT116 cells. An Akt inhibitor (wortmannin)
could enhance the effects of sShSPOCK1 on CRC cell pro-
liferation and invasion. These data suggest that SPOCK1
silencing inhibits the proliferation and invasion by sup-
pressing the PI3K/Akt signaling pathway.

In total, our study demonstrated for the first time that
knockdown of SPOCKI inhibits the proliferation and
invasion in CRC cells, possibly through the PI3K/Akt
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Figure 5. Knockdown of SPOCKI inhibits the proliferation and invasion through inactivation of the PI3K/Akt signaling pathway.
HCT116 cells were transfected with shSPOCK1 or shNC for 30 min. (A) The expression levels of PI3K, p-PI3K, Akt, and p-Akt were
determined by Western blot. (B, C) Quantification analysis of p-PI3K/PI3K and p-Akt/Akt and was performed using Gel-Pro Analyzer
version 4.0 software. (D) HCT116 cells were transfected with shSPOCK1 or shNC in the presence or absence of wortmannin (100 nM)
for 24 h. Cell proliferation was detected by the MTT assay. (E) Cell invasion was evaluated by the Matrigel-coated Transwell assay.
Data are expressed as mean=+SD. *p<0.05 compared with the shNC group.
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signaling pathway. Therefore, SPOCK1 may be a poten-
tial therapeutic target for the treatment of CRC.
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