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Review Article
SPOCK1: a multi-domain proteoglycan at the crossroads 
of extracellular matrix remodeling and  
cancer development

Ziqi Ye1,2*, Jie Chen3*, Xi Hu1, Si Yang1, Zixue Xuan4, Xiaoyang Lu1,2, Qingwei Zhao1,2

1Department of Clinical Pharmacy, 2Zhejiang Provincial Key Laboratory for Drug Evaluation and Clinical Research, 
The First Affiliated Hospital, Zhejiang University School of Medicine, Hangzhou 310003, China; 3Department of 
Pharmacy, The Second Affiliated Hospital, Zhejiang University School of Medicine, Hangzhou 310009, China; 
4Department of Pharmacy, Zhejiang Provincial People’s Hospital, People’s Hospital of Hangzhou Medical College, 
Hangzhou, China. *Equal contributors.

Received August 4, 2020; Accepted September 24, 2020; Epub October 1, 2020; Published October 15, 2020

Abstract: The SPARC/osteonectin, CWCV and Kazal-like domains proteoglycan 1 (SPOCK1) is a highly conserved, 
multi-domain proteoglycan that regulates the dynamic equilibrium of extracellular matrix (ECM). Besides, SPOCK1 
is one of the key regulatory genes in the tumor ECM dynamic homeostasis process, which activates many molecular 
signaling pathways (such as EMT process, Wnt/β-catenin, PI3K/Akt, and mTOR/S6K signaling pathways). This ac-
tivation leads to ECM remodeling and promotes cell proliferation and invasion, but inhibits cell apoptosis. Whereas 
there is immense information about SPOCK1’s roles in different biological settings, there is need for further studies 
that interrogate this protein as a potential therapeutic target in cancer.
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Introduction

The extracellular matrix (ECM), a non-cellular 
component, presents in tissues and organs. 
The compositions of ECM are elastin, collagen, 
laminins, glycoproteins, fibronectin and proteo-
glycans. Each of the matrix components binds 
to each other via cell adhesion receptors to 
form a complex macromolecular network [1]. 
New evidence emerged that ECM heterogeneity 
is significant in tumor proliferation. The hetero-
geneity provides tumor cells with growth sig-
nals, helps cells evade growth inhibitors and 
resist cell death, as well as aid tumor angiogen-
esis, invasion and metastasis [2]. 

Matricellular proteins are composed of ma- 
trix-binding proteins and soluble cytokines  
that are either secreted or intracellular [3]. The 
SPARC/osteonectin, CWCV and Kazal-like do- 
mains proteoglycan 1 (SPOCK1), also referred 
as testican-1, is a member of the BM-40/
SPARC/osteonectin secreted matricellular fam-

ily of proteins [4]. As an ECM proteoglycan, 
SPOCK1 directly or indirectly regulates the ECM 
remodeling thus affecting tumor progression 
[5, 6]. 

SPOCK1 in ECM remodeling

Structure of SPOCK1

SPOCK1 is expressed in the brain, prostate, 
testicle, heart, blood, and cartilage tissues 
[7-10]. It has been found to alter homeostasis 
of ECM and in turn trigger the occurrence of dis-
eases. SPOCK1 is a multi-domain proteoglycan 
which consists of an N-terminus, a follistatin-
like (FS) domain, an extracellular calcium-bind-
ing (EC) domain, and a C-terminal containing a 
thymidine (TY) domain and domain V. The 
domain V has two potential glycosaminoglycan 
(GAG) attachment sites; heparin sulfate, and 
chondroitin sulfate [11]. The first 17 amino 
acids of SPOCK1 are hydrophobic residues, 
which direct the protein into the extracellular 
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Figure 1. The structure of SPOCK1. SPOCK1 consists of N-terminus, a follistatin-like (FS) domain, an extracellular 
calcium binding (EC) domain and C-terminus containing a thyropin (TY) domain and domain V (including two poten-
tial glycosaminoglycan (GAG) attachment sites).

space [8]. The extracellular calcium-binding 
domain is involved in cell adhesion (Figure 1) 
[12]. 

Belong to one of the following subgroups: (1) 
heparin sulfate, (2) keratan sulfate, (3) chon-
droitin/dermatan sulfate and (4) hyaluronic 
acid sulfate, GAGs are well-established regula-
tors of tumor metastasis and are negatively 
charged polysaccharide structures [13]. Unlike 
heparin sulfate, the other GAGs are covalently 
attached to the proteoglycans’ core proteins. 
Heparin sulfate proteoglycan plays a wide 
range of roles from the maintenance and devel-
opment of structures to the ECM organization 
and basement membrane via binding to matrix 
molecules (such as fibronectin, collagen IV, and 
laminin) [14]. Heparin sulfate especially acts as 
a co-receptor to regulate cell-cell interactions 
for different cell surface receptors, thus affect-
ing cell-ECM interactions (Figure 1). Besides, 
the heparin sulfate proteoglycan regulates cell 
migration and adhesion, differentiation, prolif-
eration, angiogenesis, and morphogenesis, as 
well as cytoskeletal organization and tissue 
repair [15]. However, data on the role of the 
GAGs in SPOCK1 is complex and remains scant. 

Because of the modular structure, SPOCK 1 
can be categorized as a regulator of the ECM 
and could interact with the cell surface. 
SPOCK1 might be stimulated by platelet-
derived growth factor-BB (PDGF-BB) via the 
activation of PI3K/Akt/FoxM1 signaling path-
way. The secreted SPOCK1 also could interact 
with integrin α5β1, and activate the PI3K/Akt 
signaling pathway which accelerates excessive 
deposition of ECM (Figure 2A) [16]. Another 

study showed that SPOCK1 expression is pre-
dominantly stromal in pancreatic cancer. 
Transforming growth factor-β (TGF-β) stimu-
lates the expression of SPOCK1 which regu-
lates the composition of the ECM [17]. In addi-
tion, proteoglycan is an important component 
of the ECM in brain tissues and is involved in 
the regulation of presynaptic and postsynaptic 
terminal structures during neuronal activity 
[18]. Aβ precursor protein (APP) modulates the 
SPOCK1 endocytic pathway, thus leading to the 
accumulation of Aβ40 and Aβ42 in the cerebro-
spinal fluid and brain tissue in patients with 
Alzheimer’s disease [19] (Figure 2B). 

MMPs in ECM remodeling

Matrix metalloproteinases (MMPs) are a family 
of endopeptidases that degrade ECM. Recent 
studies found that ECM and basement mem-
brane degradation plays a pivotal role in tumor 
metastasis and invasion [20]. The study also 
found that the levels of MMPs were positively 
correlated with the invasive ability of glioma 
cells [21]. Overexpression of SPOCK1 could 
stimulate the MMP-2 and MMP-9 expression 
and activity, which might degrade ECM and pro-
mote the invasion of glioma cells [22]. 
Degradation of the matrix facilitates the move-
ment of inflammatory cells to infected tissue 
sites, thus mounting an effective inflammatory/
immune response. In addition, SPOCK1 could 
regulate the expression and activity of MMP-2 
after induction of bacterial keratitis [23]. 
Besides, SPOCK1 is a component of joint and 
growth plate cartilage. Given its role as an 
inhibitor of MT1-MMP-mediated pro-MMP-2 
activation, it was hypothesized that it could 
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Figure 2. SPOCK1 and its substrate in the ECM remodeling. SPOCK1 directly or indirectly regulates several targets 
that play key roles in various biological processes. A. SPOCK1 promotion of liver fibrosis. B. SPOCK1 modulation of 
Aβ deposition. C. SPOCK1 in cancer development. 

regulate matrix turnover in cartilage [10]. 
SPOCK1 inhibits cell adhesion by binding to the 
substratum instead of the cell. Another study 
demonstrated that, SPOCK1 had a high density 
of negatively charged amino acids near its car-
boxyl terminus, and might block positively 
charged substrates in the ECM. This positively 
charged matrix sites might be important for cell 
attachment and neuron formation, as it has 
been shown that treatment of culture dishes 
with high-density cations such as polylysine 
enhances these cellular processes [24]. 

SPOCK1 in cancer development

High levels of SPOCK1 in cancer development

Studies have implicated in SPOCK1 in the regu-
lation of ECM of tumor tissues [25]. Besides, 

SPOCK1 mRNA levels are upregulated in multi-
ple cancer types, such as prostate [26, 27], 
lung [28-30], colorectal [12, 31], liver [32, 33], 
breast [34, 35], esophagus [36, 37], pancreatic 
[17, 38], gallbladder [39], head and neck [40], 
urothelial [41] and gastric cancers [42] as well 
as glioblastoma [43], osteosarcoma [44] and 
glioma [22] (Table 1). High levels of SPOCK1 
expression are usually associated with worse 
prognosis, enhance metastasis, and reduce 
the survival rate of cancer patients [12, 17, 
25-29, 32, 34, 36-48]. SPOCK1 knockout mice 
showed a reduction in tumor growth and metas-
tasis (Table 1). 

ECM remodeling

ECM maintains highly dynamic and remodels 
constantly to keep the differentiation and bal-
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Table 1. Roles of SPOCK1 in cancer development

Cancer types SPOCK1 ex-
pression level Overexpression of SPOCK1 Knockdown of SPOCK1 Studies Ref.

Prostate cancer High Cell proliferation↑, Colony forma-
tion↑, Tumor growth↑

Cell cycle arrest↑, Cell invasion↓, Cell apop-
tosis↑, Tumor metastasis↓

In vitro, 
in vivo

[26, 27]

Non-small cell lung cancer High / Cell proliferation↓, Colony formation↓, Cell 
invasion↓, Osimertinib-resistant cell prolif-
eration↓

In vitro [28-30]

Colorectal cancer High / Cell proliferation↓, Colony formation↓, Cell 
apoptosis↑, Cell cycle arrest↑, Cell inva-
sion↓, Tumor growth↓

In vitro, 
in vivo

[12, 31]

Hepatocellular carcinoma High Cell proliferation↑, Foci formation↑, 
Colony formation↑, Tumor growth↑, 
Cell apoptosis ↓

Cell proliferation↓, Foci formation↓, Colony 
formation↓, Tumor growth↓, Cell apoptosis↑

In vitro, 
in vivo

[32, 33]

Breast cancer High Cell invasion↑ Tumor growth↓, Tumor metastasis ↓ In vitro, 
in vivo

[34, 35]

Esophageal squamous cell carcinoma High Cell invasion↑ Cell proliferation↓, Cell invasion↓ In vitro [36, 37]

Pancreatic ductal adenocarcinoma High / Cell proliferation↓, Cell invasion↓, Cell apop-
tosis↑, Cell cycle arrest↑, Tumor growth↓

In vitro, 
in vivo

[17, 38]

Gallbladder cancer High Cell proliferation↑, DNA replication↑, 
Colony formation↑, Cell invasion↑, 
Tumor growth↑, Tumor metastasis↑ 

Cell apoptosis↑ In vitro, 
in vivo

[39]

Glioblastoma High / Cell invasion↓ In vitro [43]
Osteosarcoma High / Cell proliferation↓, Tumor growth↓, Cell 

apoptosis↑, Cell cycle arrest↑
In vitro, 
in vivo

[44]

Glioma High / Cell proliferation↓, Colony formation↓, Cell 
invasion↓, Cell apoptosis↑, Cell cycle arrest↑

In vitro [22]

Head and neck squamous cell carcinoma High / Cell proliferation↓, Cell invasion↓ In vitro [40]
Gastric cancer High Cell invasion↑, Tumor metastasis↑ Cell invasion↓, Tumor metastasis↓ In vitro, 

in vivo
[42]
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ance of tissue [49]. The process is mediated by 
different kinds of peptidases which degrade 
the macromolecules found in the ECM [50]. 
Moreover, given that peptidases participate in 
other biological functions, including receptor 
activation, apoptosis, morphogenesis, and 
angiogenesis, they show critical potential for 
the development of cancer [51]. During tumori-
genesis, abnormalities in cellular behavior and 
tumor phenotype result from altered peptidas-
es and disturbance of the balance between 
ECM degradation and synthesis [52]. Therefore, 
the direct or indirect regulation of the dynamic 
equilibrium of ECM by SPOCK1 reflects its role 
in cancer development (Figure 2C).

A number of studies have provided mechanistic 
insight into the relationship between SPOCK1 
and ECM remodeling, and the ultimate effect 
on tumorigenesis [53]. MMPs-mediated degra-
dation of the ECM and basement membrane is 
an important proteolytic event in cancer metas-
tasis, especially in the process of tumor cell 
invasion into surrounding tissues, vascular infil-
tration and extravasation [53, 54]. MMP-9 and 
MMP-2 are the primary MMPs whose expres-
sion levels are enhanced in some tumors [55, 
56]. Increased expression of SPOCK1 at the 
tumor margin may trigger ECM remodeling by 
stimulating the MMP-3, MMP-9, and MMP-2 
causing targeted migration of tumor cells away 
from the tumor mass margin (Figure 2C) [22, 
26, 32]. 

To find the upstream regulator of SPOCK1, 
Veenstra VL et al. observed that TGF-βpromoted 
the expression of SPOCK1 in pancreatic ductal 
adenocarcinoma (PDAC) cells. Functional as- 
sessment in co-cultures suggested that SPO- 
CK1 strongly influenced the composition of the 
extracellular collagen matrix, consequently 
influencing the growth of invasive tumor cells in 
PDAC [17]. In addition, Li Y et al. found that 
chromodomain helicase/adenosine triphos-
phatase DNA binding protein 1-like (CHD1L) 
could bind to the 5’ upstream region of SPOCK1 
and subsequently activate the SPOCK1 tran-
scription [32]. Via the promotion of SPOCK1 
expression, both the TGF-β and CHD1L were 
found to enhance ECM degradation, and tumor 
metastasis in various cancer types [17, 29, 32].

Cell cycle arrest, apoptosis and metastasis 

In addition to the regulation of ECM dynamic 
homeostasis, SPOCK1 modulates other can-

cer-related cellular features including apopto-
sis, cell cycle progression, invasion and meta-
static potential. In their studies, Zhang J et al. 
observed that SPOCK1 knockdown led to the 
downregulation of Cdc25C, Cyclin B1, and 
Cyclin D1 in colorectal cancer cells. Besides, 
SPOCK1 depletion resulted into the suppres-
sion of Bcl-2 expression, otherwise cleavages 
of caspase-3, Bax, and cleavages of PARP lev-
els [12]. Li Y et al. found that SPOCK1 contrib-
uted to the anti-apoptotic effect by activating 
the Akt pathway followed with inhibition of the 
Cyt C-caspase-9-caspase-3 pathway [32]. 
Different from the control group, the Akt (Ser473) 
and phosphorylated PI3K (Tyr607) levels in 
SPOCK1 transfected gallbladder cancer cells 
were reduced, but the total protein levels were 
not affected. The inactivated Akt affected the 
Bcl-2 protein family. Therefore, compared with 
control cells, the subsequent cleavage of PARP, 
caspase-3, and caspase-9 in SPOCK1 knock-
out cells increased [39]. In addition, immunob-
lotting analysis of apoptosis-related proteins 
(including Bcl-xl, Bad, and Bcl-2) showed that 
the pro-apoptotic factor Bad in RWPE-1 cells 
and PC3 cells was negatively regulated by 
SPOCK1, while SPOCK1 positively regulated 
the anti-apoptotic factor Bcl-2 and Bcl-xl [26]. 
Knockdown of SPOCK1 in glioma cells promot-
ed the expression of cleaved PARP, Bax, and 
cleaved caspase-3, while decreasing the 
expression of Bcl-2 [22]. Li J et al. observed 
that, SPOCK1 knockdown PDAC cells increased 
the cleavage of caspase-3, caspase-9 and 
PARP, compared to the control cells [38]. 
Interestingly, many of the processes are associ-
ated with the dynamic balance of ECM [17, 29, 
32]. The downregulation of SPOCK1, to some 
extent, was related to cell cycle arrest in G0/G1 
phase, lowering cell invasion and migration, as 
well as aggravation of cell apoptosis. On the 
other hand, other studies demonstrated that 
overexpression of SPOCK1 promotes prolifera-
tion, colony formation and tumorigenicity of 
multiple cancer types (Table 1). 

EMT process

Epithelial-mesenchymal transition (EMT) is an 
important process in cancer development. The 
EMT leads to weaken the connection between 
cells and to lose cell polarity and epithelial 
characteristics that enhanced motor ability and 
invasiveness [57]. EMT plays an important role 
in the carcinogenic processes such as tumor 
invasion, intravascular infiltration and forma-
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tion of micro-metastasis [58]. The EMT process 
is complex as it is regulated by many mediators 
including growth factors and hormones [59]. 
Briefly, EMT is initiated by EMT-inducing tran-
scriptional factors (EMT-TFs), such as the zinc 
finger proteins Snail, Slug (Snail2), Twist, Zeb2, 
and Zeb1 [60]. Moreover, several transcription 
factors and signaling pathways such as epithe-
lial markers (E-cadherin) and interstitial mark-
ers (vimentin) were shown to affect EMT [60]. 
Among the signaling pathways, the Wnt, TGF-β, 
and Notch are considered to be the key induc-
ers of the EMT phenotype [61]. At the transcrip-
tion level, a series of transcription factors, for 
example, Slug and Snail, can be activated by 
TGF-β, which subsequently affects the EMT 
[34]. Moreover, TGF-β interacts with the Wnt/β-
catenin signaling pathway and the Notch signal-
ing pathway to promote the EMT process.  
On the other hand, Wnt communicates with  
other signaling pathways, such as RTKs and its 
downstream regulators PI3K, MAPK, and PKB, 
to promote the progress of EMT [37]. Wnt/β-
catenin pathway is associated with the expres-
sion of Snail, GSK3β, c-myc, and cyclin D1 [22]. 
It has been demonstrated that the Notch path-
way is supportive and synergizes other onco-
genic pathways to cause cell transformation 
and induce EMT processes. Some of the Notch 
target genes include mTOR, Akt, NF-κB, c-myc, 
VEGF, and cyclin D1 [62, 63]. Other studies 
have shown that SPOCK1 promotes the EMT 
progression in multiple cancer types by upregu-
lating the N-cadherin, Snail, Vimentin and Slug 
but downregulates the E-cadherin and ZO-1 
[26, 32-34, 36-37]. Besides, the EMT process 
can regulate the expression of ECM remodel-
ing-related genes [64]. Importantly, the EMT 
process correlates with the SPOCK1-mediated 
ECM remodeling (Figure 2C).

PI3K/Akt signaling pathway

Tumor can resist cell death by activating sur-
vival signal or destroying apoptosis process. 
The PI3K/Akt signaling pathway plays a critical 
role in the survival signals activation [65]. 
Activated Akt can phosphorylate several sub-
strate proteins such as Bax, and the phosphor-
ylation may suppress its activation. Inactivation 
of Bax is crucial in maintaining the mitochon-
drial membrane integrity, while its activation 
may activate caspase-9, caspase-3, and PARP 
[66]. Depletion of SPOCK1 in colorectal cancer 

(CRC) caused the PI3K/Akt signaling pathway 
inactivation. On the other hand, knockdown of 
SPOCK1 also induced the downregulation of 
Bcl-2 and upregulation of Bax, as well as cleav-
ages of PARP and caspase-3 levels [12]. In 
other studies, it has been demonstrated that 
the PI3K/Akt signaling pathway activation 
might accelerate the excessive ECM deposition 
[16]. Li Z et al. found that melatonin potentially 
inhibited human nucleus pulposus cell prolifer-
ation by downregulating the expression of the 
ECM-degrading enzymes MMP-3/9 and upreg-
ulating the expression of ECM components 
such as lectin and COL2A1 to positively regu-
late ECM remodeling. These cascades of events 
were mediated by the melatonin membrane 
receptor MT1/2 and its downstream PI3K-Akt 
signaling pathway [67]. Thus, SPOCK1 might be 
regulating the ECM remodeling through the 
PI3K/Akt signaling pathway (Figure 2C).

mTOR-S6K signaling pathway

The mTOR-S6K pathway is well-conserved and 
participates in cancer development. Several 
studies revealed that mTOR, a downstream 
gene of Akt, plays a crucial role in promoting 
cell proliferation [68]. mTOR promotes the can-
cer cell survival through the phosphorylation of 
S6K. The mTOR-S6K pathway can promote the 
transcription of oncogenes, inhibit cell apopto-
sis, and enhance angiogenesis [69]. mTOR 
pathway dysregulation affects several cancer 
types [70, 71]. One study showed that phos-
phorylated mTOR (p-mTOR) and phosphorylat-
ed S6K (p-S6K) protein were downregulated in 
osteosarcoma cells after the depletion of 
SPOCK1 [44]. Another study supported a neo-
teric role for glial adhesion molecules in cellular 
regulation by selectively activating the mTOR/
S6K signaling pathway [72]. Goc A et al. 
observed that TGF-β stimulates ECM protein 
synthesis in a time- and dose-dependent man-
ner. Besides, TGF-β treatment increased phos-
phorylation of Akt, mTOR and its downstream 
signaling partners S6K, 4E-BP1, and ribosomal 
S6 protein, leading to its activation. The effect 
of TGF-β on ECM synthesis was blunted by pre-
treatment with the mTOR inhibitor rapamycin. 
In addition, mTOR was responsible for some of 
the transcriptional regulation of the adhesion 
molecules, ECM proteins, and matrix metallo-
proteinases (MMPs). Under the action of TGF-β, 
fibroblasts synthesized main ECM proteins, for 
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example, fibrin and collagen (type I, type II, and 
type V). The synthesis process was regulated 
by mTOR at the translation level [73]. The 
observations suggested that SPOCK1 might 
regulate the ECM remodeling through the 
mTOR/S6K signaling pathway (Figure 2C).

Wnt/β-catenin signaling pathway

Wnt/βnt/β-cat signaling pathway is another 
pathway that plays an important role in tumor 
biology. One study showed that miR-497-5p 
attenuated IL-1β-induced chondrocyte carti-
lage matrix degradation via the Wnt/β-catenin 
signaling pathway, hence it might be a potential 
therapeutic target for the treatment of osteoar-
thritis [74]. C-myc and cyclin D1 might be one of 
the target genes of Wnt/β-catenin signaling 
pathway [75, 76]. In glioma, SPOCK1 knock-
down significantly suppresses the Wnt and 
β-catenin expression. Furthermore, depletion 
of SPOCK1 could decrease the c-myc and cyclin 
D1 expression levels [22]. Lin H et al. showed 
that secreted Frizzled-related protein 2 (sFRP2) 
activates cardiac fibroblasts (CFs) partly thro- 
ugh the classical Wnt/β-catenin signaling path-
way. In parallel with these phenotypic changes, 
CFs upregulated MMP-1 and MMP-13 gene 
expression and the enzymatic activity of MMP-9 
and MMP-2, thereby accelerating ECM remod-
eling. The results of non-CF cell types analysis 
revealed that the multifaceted effects of sFRP2 
on glucose metabolism, growth control, and 
ECM regulation were mainly confined to CFs 
and were highly sensitive to the Wnt/β-catenin 
signaling pathway [77]. Therefore, SPOCK1 
might regulate the dynamic homeostasis of the 
ECM through the Wnt/β-catenin pathway and in 
turn influence tumor development (Figure 2C). 

Resistance to chemotherapeutic agents

Notably, SPOCK1 has also been shown to affect 
the resistance to chemotherapeutic agents. 
Data from CCK-8 assay indicated that the 
depletion of SPOCK1 significantly inhibited the 
proliferation of Osimertinib-resistant NSCLC 
cell lines [47]. Integrin-mediated attachment to 
ECM proteins has emerged as an important cue 
event for the transformational phenotype of 
cancer cells. The cross-talk between integrin 
and growth factor receptors plays a central role 
in motility, adhesion, and cell growth. This func-
tional interaction has been linked with the inte-
grin and tyrosine kinase inhibitor (TKI) resis-

tance in epidermal growth factor receptors 
(EGFRs) [78]. 

The potential therapeutic role in cancer devel-
opment

Given the important roles of SPOCK1 in tumori-
genesis, it might be a potential therapeutic tar-
get. Apigenin, 4’,5,7-trihydroxyflavone, sup-
presses cancer cell invasion and migration 
through the downregulation of SPOCK1 [46]. 
On the other hand, nitroglycerin is effective in 
the treatment of coronary ischemic diseases, 
and exposure to nitroglycerin (100 μM, 48 h) 
downregulates the expression and activity of 
SPOCK1 which potentially alters atherosclerot-
ic plaque stability [79]. In addition to exogenous 
inhibitors, several endogenous inhibitors have 
been studied. Some microRNAs (miR-193a-5p, 
miR-139-5p, miR-627-5p, miR-150-5p, miR-
150-3p, miR-129-5p, miR-130a-3p, and miR-
940) have been shown to block tumor develop-
ment by inhibiting SPOCK1 expression [30, 33, 
36, 40, 80]. Taken together, these results dem-
onstrate that SPOCK1 may be a potential thera-
peutic target for cancer treatment.

Conclusion and future perspectives

Recent studies have elucidated multiple bio-
logical functions of SPOCK1 in tumors. SPOCK1 
is one of the key regulatory genes in the tumor 
ECM dynamic homeostasis process, which fur-
ther activates many molecular signaling path-
ways (such as EMT process, Wnt/β-catenin, 
PI3K/Akt, and mTOR/S6K signaling pathways). 
These cascades of events lead to ECM remod-
eling, which ultimately promote cell prolifera-
tion, cell invasion, but inhibit cell apoptosis. 
The process of how SPOCK1 contributes to 
cancer development, as well as other diseases, 
can be preferably understand that it is timely to 
provide new insights into the therapeutic poten-
tial harbored by this proteoglycan.

It has been demonstrated that genes in tumori-
genesis are associated with specific genetic 
backgrounds, tumor types, tissue or organ 
microenvironments, as well as external stimuli 
and stages of tumor development. Therefore, 
there is need for further studies that interro-
gate the role of SPOCK1 and the exact mecha-
nisms involved in the relationship between 
ECM dynamic homeostasis and cancer devel-
opment under different pharmacological and 
pathophysiological conditions.
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