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Research status and the prospect of POSTN in various tumors 
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The tumor microenvironment is considered one of the main players in tumor development and progression. The tumor 
microenvironment composed of a large number of extracellular matrix proteins is very complex. The continuous accumu-
lation of extracellular matrix proteins has been shown to play a key role in tumor bioregulation, including proliferation, 
invasion, matrix remodeling. If these processes can be detected early, and effective interventions can be given in time, 
the progression of the tumor may be delayed. Therefore, there is an urgent need to explore new biomarkers and thera-
peutic targets. In recent years, studies have shown that periostin (POSTN) may regulate multiple biological behaviors of 
tumor cells. Here we review the updated progress on the role of POSTN in pathologic pathways of tumor development and 
progression to explore whether POSTN is a potential therapeutic target. 
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Tumor microenvironment is a complex environment 
for tumor cells to survive, mainly composed of a variety 
of different extracellular matrix (ECM) components and 
stromal cells. Tumor cells can alter the microenvironment 
and change the properties of the host tissue and vice versa, 
the composition of the tumor microenvironment influences 
the behavior of cancer cells. The extracellular matrix proteins 
have diverse functions, they play a central role in the homeo-
stasis of normal tissues regulating cell proliferation and 
differentiation. These proteins are generally expressed at low 
levels in most normal tissues but they are highly expressed 
during inflammation, tissue repair, wound healing, and 
malignant transformation. Periostin (POSTN), also known 
as Osteoblast-specific factor 2 (OSF-2), as an extracellular 
matrix protein, was first discovered in a mouse osteoblast 
cell line in 1993 [1]. Because of its specific expression in the 
periodontal ligament and periosteum, it plays an important 
role in the formation of bones and teeth during embryonic 
development. The human POSTN gene is located on the 

long arm of chromosome 13 (13q13.3) [2], spans about 36 
kb, contains 23 exons, encodes 836 amino acids, and has a 
molecular weight of about 93 kDa [3]. POSTN functions as 
a ligand for αvβ3 and αvβ5 integrins, which participates in a 
variety of tumor biological processes, including tumorigen-
esis, invasion, and metastasis. In this article, we will summa-
rize the role of the POSTN in various tumor development 
and progression.

Biological characteristics and functions of POSTN

The structure and expression of POSTN. POSTN 
contains a typical signal sequence, 4 cysteine-rich repeat 
domains, and a C-terminal variable domain [4, 5]. It is struc-
turally homologous to βig-H3 (a 68 kDa transforming growth 
factor-β1 induced protein) and insect neural cell adhesion 
protein (fascilin) [6]. These proteins are essential for inter-
acting with integrins on the cell surface. The C-terminal 
region of POSTN regulates the composition and interaction 
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between cells and matrix by combining various extracellular 
matrix proteins such as type I and type V collagen, fibro-
nectin, Tenascin-C, and acid mucopolysaccharide [7–9]. 
Its N-terminal region contains a signal peptide (SP) for its 
secretion and a cysteine-rich region (EMI domain) which 
promotes the formation of multimers in non-reducing condi-
tions. The N-terminal region of POSTN is highly conserved 
[1], which regulates the cell function by binding to integrins 
at the plasma membrane of the cells through its FAS domains 
(Figure 1).

Early researches suggested that POSTN is specifically 
expressed in periosteal [10] and periodontal ligament tissue 
[11]. Currently, it has been confirmed that POSTN exists in 
many tissues, such as heart, skin, tumor, and blood vessels, 
with the highest content in the aorta, lower digestive tract, 
placenta, uterus, thyroid tissue, and breast [12–17]. However, 
most studies have shown that POSTN expression is signifi-
cantly increased in various tumors, and it is significantly 
related to the unfavorable prognosis. In addition, the expres-

sion of POSTN will also be significantly increased in tumor 
pathological processes [18].

The physiological function of POSTN. The physiolog-
ical expression of POSTN has important functions. POSTN 
is involved in maintaining the function of periodontal 
ligament cells and regulating the formation of periodontal 
ligament collagen fibers, which can promote the adhesion, 
proliferation, differentiation, and the periodontal-like and 
cementoid-like effects of periodontal ligament cells. During 
the formation of periodontal ligament collagen fibers, 
POSTN can coexist with collagen, and maintain the integ-
rity of the periodontal ligament fiber system under mechan-
ical stress stimulation [19]. Additionally, POSTN promotes 
wound healing. Ontsuka et al. [20] showed that POSTN 
was significantly deposited under the granulation tissue and 
the dermal-epidermal junction of the wound margin. Mice 
lacking POSTN showed delayed wound healing, which can 
be improved after applying exogenous POSTN. The proposed 
mechanism is that POSTN accelerates skin wound healing 

Figure 1. The role of POSTN in cancer. The N-terminal region of POSTN affects cell function and the C-terminal region affects cell-matrix interactions. 
POSTN binds to integrins and activates Akt/PKB and FAK-mediated signaling pathways through its FAS domains, leading to increased tumor invasion 
and metastasis. The C-terminal region of POSTN binds to extracellular matrix (ECM) molecules and affects the general organization of the extracel-
lular matrix. The C-terminal of the splice isoforms of POSTN is different, and it is not clear whether they contribute differently to the formation of 
ECM and to the invasive and metastatic potential of the protein [82].
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by activating fibroblasts. Besides, in cardiology, the expres-
sion of POSTN is rapidly upregulated when the myocardium 
is damaged or during cardiac remodeling, which helps the 
heart to heal and induces the proliferation of differentiated 
cardiomyocytes, thereby accelerating the repair process of 
myocardial infarction [21–29].

The role of POSTN in landmark 
events of cancer progression

The role of POSTN in the process of tumor development 
has been studied by a large number of scholars. The research 
has confirmed that POSTN is involved in many landmark 
events in the process of tumor development, including 
malignant proliferation, invasion and metastasis, angiogen-
esis (Table 1).

Promotion of cell proliferation. POSTN can induce 
malignant proliferation in a variety of tumor cells. Kikuchi 
et al. [30] showed that POSTN promotes the proliferation of 
gastric cancer cells by activating the ERK signaling pathway, 
and the growth rate of gastric cancer cells in POSTN knockout 
mice is lower than that of wild-type mice. Kotobuki et al. [31] 
have shown that the overexpression of POSTN in normal 
human skin fibroblasts can induce melanoma cells’ prolifera-
tion by activating the MAPK signaling pathway.

Activation of cell invasion and metastasis. One of the 
main mechanisms involved in cell invasion and metastasis 
by POSTN is the epithelial-mesenchymal transition (EMT) 
process. EMT was firstly identified in embryos and later 
observed during tumor development, the process of EMT 
is particularly important in the development of tumors of 
epithelial origin. In normal epithelial cells, cells are tightly 
connected by apical-basal terminal polar structures, and 
during phenotypic transformation apical-basal terminal 

polar structures become less adherent, subsequently, the cell 
acquired the ability to invade and migrate to metastasis. The 
EMT process is regulated by a variety of related transcription 
factors, including the Snail, Twist, and Zeb families [32–37], 
and the deletion of epithelial E-calmodulin (E-cad) and the 
upregulation of waveform protein are hallmarks of EMT 
and key points of tumor cell malignancy. POSTN promotes 
the EMT process in a variety of tumor cells. Hong et al. [38] 
showed that POSTN induced EMT production in A549 and 
CL1 lung cancer cell lines, upregulated mesenchymal pheno-
types (N-cadherins, wave proteins, Twist, and Snail), and 
downregulated E-cadherins. POSTN can also induce the 
EMT process of prostate cancer regulated by ERK and p38 
signaling pathways. Overexpression of POSTN in PC3 and 
DU145 prostate cancer cell lines can promote cell prolifera-
tion, tumor cell invasion, and migration. POSTN can also 
upregulate the expression levels of EMT-related factors. 
Thereby activating the Akt-GSK-3β pathway [39]. Notably, 
POSTN can also inhibit EMT processes in specific tumors, 
Kim et al. [40] explored the effect of POSTN on EMT 
processes in bladder and prostate cancer cell lines and found 
that POSTN upregulated E-cad expression and inhibited 
bladder cancer cell invasion and metastasis, while POSTN 
showed the opposite effect in the prostate cancer cell, which 
indicated that POSTN biological functions in tumors are 
tissue-specific.

Many studies have demonstrated that POSTN can regulate 
the interactions between tumor cells and tumor microenvi-
ronment to the promotion of cell migration, and these inter-
actions are mainly regulated by integrin family receptors. It 
was shown that POSTN promotes adhesion and migration of 
ovarian epithelial cancer cells by binding to αvβ3 and αvβ5 
integrins, the overexpression of POSTN in ovarian cancer 
cells showed significantly enhanced migration and invasion 

Table 1. The role of POSTN in landmark events of cancer progression.
Cancer Type Cell Line Role of POSTN Reference
Gastric cancer OCUM-2MLN

OCUM-12
Promotes proliferation [30]

Melanoma NHDF
SP2/O,
SKMEL-28

Induces proliferation [31]
[32]

Lung Cancer A549, CL1 Induces epithelial-mesenchymal transition (EMT) process [38]
Prostate Cancer PC3, DU145 Promotes proliferation 

Induces EMT process
[39]

Bladder Cancer SBT31A, T24 Inhibits cell invasion and metastasis [40]
Ovarian Cancer HOSE, CSOC,

SK-OV-3
Induces cell invasion and migration [41]

Esophageal Squamous Cell Carcinoma EPC2 Induces cell invasion and metastasis [43]
Oral Squamous Cell Carcinoma Rca-B, Rca-T Promotes cell invasion and migration [45]
Breast Cancer MCF-7, MB-231

MCF-7
Induces metastasis
Promotes angiogenesis

[46]
[47]

Colorectal Cancer CX-1NS Induces angiogenesis [49]
Head and Neck Cancer HNSCC Promotes lymphangiogenesis [50]
Hepatocellular Carcinoma SMMC7721, Hep3B Resistance to hypoxia and arsenic trioxide [52]
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angiogenesis. Bao et al. [49] injected CX-1NS cells overex-
pressing POSTN into animals, and the results showed that 
the blood vessel density of transplanted tumors was 5 times 
higher than that of the control group, which suggested that 
POSTN secreted by tumor cells may induce tumor angiogen-
esis in a paracrine manner. In addition to its important role 
in angiogenesis, POSTN may also stimulate lymphangio-
genesis. Lymphatic vessel formation and tumor cell invasion 
into lymph nodes are one of the most important stages of 
tumor progression. In in vitro model, Kudo et al. [50] found 
that POSTN can promote lymphatic vessel endothelial cell 
proliferation by activating the tyrosine kinase Src and protein 
kinase Akt pathways, and there was a significant correlation 
between POSTN expression and lymphatic vessel growth 
regulators and vascular endothelial growth factors. Similarly, 
in non-small cell lung cancer, there was a significant corre-
lation between POSTN and lymphatic vessel density, which 
indicated that POSTN is an important initiator and stimu-
lator of tumor vasculature and lymphatic vessel generation, 
and its potential mechanisms still need to be elucidated in 
the future.

Inhibition of cell apoptosis. POSTN can act as a “survival 
factor” to inhibit apoptosis in a variety of tumor microen-
vironments. In the initial stage of the PI3K/Akt signaling 
pathway, activated tyrosine kinase receptors bind to ligands 
and activate PI3K to convert phosphatidylinositol 4,5-bispho-
sphate (PIP2) to phosphatidylinositol 3,4,5-trisphosphate 
(PIP3), which recruits Akt to the cell membrane and 
promotes phosphorylation of serine residues. Activated Akt 
can inhibit apoptosis, promote tumor cell proliferation, and 
prolong the life span of tumor cells. It was shown that POSTN 
could inhibit hypoxia-induced apoptosis in tumor cells, and 
POSTN resisted cell death when deferoxamine was added 
to tumor cells to simulate a hypoxic environment. Aukkara-
songsup et al. [51] showed that the rate of hypoxia-induced 
apoptosis was significantly higher after silencing POSTN 
expression using siRNA in periodontal cells. Liu et al. [52] 
found that in hepatocellular carcinoma cells, the expression 
level of POSTN was significantly increased under hypoxic 
conditions. Meanwhile, hypoxic environment-induced 
production of POSTN was able to make hepatocellular 
carcinoma cells resistant to the cell-killing effect of arsenic 
trioxide, and conversely, weak POSTN expression was able 
to enhance the antitumor effect of arsenic trioxide [52]. It is 
suggested that POSTN has an important role in inhibiting 
apoptosis under hypoxic conditions, and it is speculated 
that its mechanism of action is related to the regulation of 
HIF-1α, which needs to be confirmed by more studies.

Immune escape. Immunomodulation is a key factor 
in tumor progression and has become a new hotspot in 
tumor research. In glioblastoma, POSTN secreted by glioma 
stem cells promotes tumor proliferation and migration by 
recruiting tumor-associated macrophages (M2). Zhou et al. 
[53] found that disruption of POSTN in glioma stem cells 
in vivo reduced the aggregation of tumor-associated macro-

compared to controls [41]. Orecchia et al. [42] added 
antibodies against POSTN and αvβ3 and αvβ5 integrins to 
melanoma cells, and the result showed that cell proliferation 
was significantly inhibited, which indicated that the inter-
action between POSTN and integrins is essential for tumor 
growth. In esophageal squamous cell carcinoma, the inhibi-
tion of the EGFR signaling pathway attenuates POSTN-
mediated cell migration and invasion, providing further 
evidence for the relationship between POSTN and the EGFR 
pathway [43]. Cell invasion is a crucial step in the develop-
ment of malignancy. During this process, metalloproteinases 
degrade a variety of extracellular matrix components and 
contribute to the ability of cells to acquire the ability to invade 
the surrounding matrix, and POSTN increases the activity 
of metalloproteinases MMP-2 (matrix metalloproteinase-2, 
MMP-2) and MMP-9 (metalloproteinase-9), promoting 
tumor cell migration and invasion [30].

Malanchi et al. [44] found that locally infiltrating tumor 
cells can simultaneously induce POSTN expression in distant 
target organs, which is important for the tumor metastasis 
process. In animal models, the number of liver metastases 
from lung cancer in POSTN knockout mice was much 
smaller than in wild-type controls, which indicated that 
POSTN is an important mediator in the process of distant 
tumor metastasis. In addition, POSTN secreted by tumor-
associated fibroblasts (CAFs) is highly expressed in oral 
squamous carcinoma mesenchyme and is induced by TGF-β3 
to promote tumor cell migration and invasion [45]. Another 
study reported that POSTN, as an important component 
of the pre-metastatic microenvironment, can promote the 
migration of distantly metastatic melanoma cells to sites 
with high POSTN expression. POSTN can also preferentially 
metastasize to target organs in the form of exosomes. These 
exosomes have formed a microenvironment that is condu-
cive to tumor cell growth before tumor cells reach the target 
organ, and promote tumor metastasis by shaping the tumor 
microenvironment. Vardaki et al. [46] found that the protein 
composition in exosomes derived from human metastatic 
breast cancer cells was significantly different from that of 
non-metastatic breast cancer cells. Proteomic profiling in 
exosomes produced by metastatic cancer cells revealed 
higher concentrations of adhesion proteins, including 
β-linked proteins, N-calmodulin, integrin α2, integrin β1, 
and POSTN, among others. Notably, the same phenom-
enon was observed in exosomes isolated from the plasma of 
patients with metastatic breast cancer. These studies suggest 
the potential of POSTN as a marker of tumor metastatic.

Induction of vascular and lymphatic vessel generation. 
POSTN is a potent pro-angiogenic factor, and overexpres-
sion of POSTN in breast cancer cells can promote tumor 
angiogenesis by binding to integrin αvβ3, activating the FAK 
signaling pathway, and thus upregulating the VEGF receptor 
Flk-1/KDR in endothelial cells [47]. In esophageal cancer, 
Wang et al. [48] targeted the expression of POSTN and 
found that POSTN expression was closely related to tumor 
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phages and inhibited tumor growth, which suggested that the 
interaction between glioma stem cells and tumor-associated 
macrophages is regulated by POSTN regulation. In addition, 
POSTN promotes enrichment of myelosuppression cells 
in the lung during early breast cancer metastasis, a process 
regulated by activation of ERK, Akt, and STAT3 [54]. Studies 
targeting the role of POSTN in the immune escape process 
are still in their infancy and further evidence is needed.

The expression and role of POSTN in tumors

POSTN has been studied a lot in the field of clinical 
cancer, such as colorectal cancer, non-small cell lung cancer, 
hepatocellular carcinoma, breast cancer, etc. It has a close 
relationship with the deterioration and metastasis of these 
tumors (Table 2).

Colorectal cancer. POSTN expressed at low levels in 
normal colonic tissue. In the serum of CRC patients, POSTN 
expression levels were significantly higher than those of 
healthy controls and benign colorectal polyp population, and 
high levels of POSTN were significantly correlated with liver 
metastasis from colon cancer, suggesting that POSTN might 
be a potential biomarker for metastatic CRC [55]. Kikuchi 
et al. [56] found a relationship between POSTN expression 
and infiltrating fibroblasts in colorectal crypt fibroblasts and 
tumor tissue, where POSTN induced colonic crypt fibroblast 
proliferation, which significantly increased the number of 
HCT116 colon cancer cells. Studies on tumor stem cells in 
colon cancer have gradually become a hot topic, and CD133, 
a transmembrane glycoprotein with a molecular weight of 
120 kDa, was initially thought to be a marker of hematopoi-
etic stem cells and also highly expressed in a variety of solid 
tumors [57]. Wu et al. [57] found that in CD133-positive 
colon cancer HCT116 cells, the expression level of POSTN 
was significantly higher than that of CD133-negative cells, 
and the CD133-positive cell subpopulation had a clone-
forming ability. However, the regulatory relationship between 
CD133 and POSTN has not been elucidated, and the specific 
mechanism needs to be further explored.

POSTN can be involved in the proliferative metabolism 
of colon cancer cells through induction of the Akt/PKB 
pathway, while inhibition of the Akt/PKB pathway activates 
caspase-9 to promote apoptosis [58].

In conclusion, POSTN is important in the proliferation 
and metastasis of colon cancer cells, and the expression level 
of POSTN correlates with the prognosis of colon cancer 
patients and may be a biological marker for assessing the 
prognosis of colon cancer patients.

Non-small cell lung cancer, NSCLC. In normal lung tissue, 
POSTN was weakly expressed in the bronchial basement 
membrane and was not expressed in alveolar macrophages. 
POSTN is commonly overexpressed and promotes angio-
genesis and lymphangiogenesis in NSCLC [59, 60]. In 
NSCLC, Sasaki et al. [61] observed POSTN expression in 
the mesenchymal tissue region of the tumor stroma while 
no POSTN expression was seen in tumor endothelial cells, 
which suggested that POSTN may function mainly in the 
tumor microenvironment. In another similar study, Zhang 
et al. [62] found that serum POSTN levels were significantly 
higher in patients with NSCLC than in healthy controls, and 
serum POSTN levels were significantly associated with bone 
metastases and lymph node infiltration, and the differential 
expression of POSTN before and after chemotherapy was 
significantly associated with prognosis, which suggested that 
POSTN could be used as a biomarker to predict the efficacy 
of chemotherapy in patients with advanced NSCLC. Che et 
al. [63] studied POSTN levels in the serum of patients with 
lung cancer with bone metastases and lung cancer without 
bone metastases and found that POSTN concentrations were 
higher in patients with lung cancer with bone metastases 
than patients with lung cancer without bone metastases. In 
another study, although serum POSTN levels were signifi-
cantly higher in lung cancer patients, no correlation was 
found between serum POSTN levels and clinicopathological 
parameters [38].

Taken together, high expression of POSTN may be an 
independent prognostic marker for NSCLC and play an 
important role in NSCLC progression.

Table 2. The role of POSTN in cancers: an overview of POSTN function and correlated signaling pathway.
Cancer Type Correlated Signaling Pathway POSTN Function Reference
Colorectal Cancer αvb3 integrin via Akt/PKB Promotes cell survival, proliferation, and resis-

tance to stress conditions
Induces tumor angiogenesis 

[58]

Via VEGFR Promotes cell proliferation, migration, and an- cell proliferation, migration, and an-proliferation, migration, and an-
chorage independent growth of fibroblasts

[49]

PI3K/Akt AND Wnt/β-catenin [56]
Non-small Cell Lung Cancer, 
NSCLC

– Increases tumor proliferation
Promotes lymph node and lung metastases

[59]
[60]

Hepatocellular Carcinoma TGFβ1-Smad Induce tumor angiogenesis [72]
Breast Cancer αvβ3 integrin via FAK signaling. Promotes tumor angiogenesis and cell survival [47]
Bladder Cancer PDK1/Akt/mTOR signaling Suppresses invasiveness of bladder cancer [78]



678 Yue YU, Chang-Ming TAN, Yuan-Yuan JIA

Hepatocellular carcinoma. POSTN was expressed at high 
levels in both liver tumor epithelial and basal cells. Riener et 
al. [64] found that the expression level of POSTN in tumor 
epithelial cells was negatively correlated with overall survival 
and positively correlated with tumor stage. In another 
study, POSTN was significantly correlated with tumor size, 
tumor stage, tumor microvessel density, and VEGF expres-
sion levels, and POSTN was an independent risk factor for 
predicting overall survival and progression-free survival 
[65]. In a recent study, Jang et al. [66] found that high levels of 
POSTN expression in hepatocellular carcinoma tissues were 
associated with microvascular invasion and that patients with 
advanced disease overexpressing POSTN had significantly 
shorter survival and poor prognosis. High serum POSTN 
expression was negatively correlated with overall survival 
and progression-free survival, and POSTN was an indepen-
dent risk factor for patient survival in a multifactorial analysis 
[67]. Fujimoto et al. [68] analyzed the serum expression 
levels of POSTN in patients with intrahepatic cholangiocar-
cinoma and found that POSTN expression levels were much 
higher than those in patients with cirrhosis and hepatocel-
lular carcinoma, suggesting that serum POSTN levels may 
be used as a biomarker to differentiate intrahepatic cholan-
giocarcinoma from other liver malignancies. Similar results 
were also observed in a recent study, where serum POSTN 
levels were much higher in patients with cholangiocarcinoma 
than in healthy controls, patients with benign liver disease, 
and even patients with breast cancer, suggesting that serum 
POSTN levels may be an independent prognostic marker for 
hepatocellular carcinoma and assist in the identification of 
intrahepatic cholangiocarcinoma [69].

The pathological mechanism of POSTN-induced hepato-
cellular carcinoma is less studied, Engelmann et al. [70] found 
that abnormal hepatic stellate cells (HSC) and tumor cells 
can transmit information via paracrine secretion. Activated 
HSC secrete POSTN, which in turn induces tumor prolif-
eration, invasion, and migration. Studies have confirmed 
that hypoxia can lead to drug resistance in hepatocellular 
carcinoma cells [71]. Another study investigated the role of 
POSTN and sulfatase 2 (SULF2) on angiogenesis in hepato-
cellular carcinoma, the result showed POSTN significantly 
inhibited angiogenesis and tumor growth [72]. Available 
research evidence suggests that POSTN has an important 
role in the proliferation, angiogenesis, and development of 
tumor cell resistance in primary hepatocellular carcinoma.

Breast cancer. POSTN is also involved in the prolif-
erative metabolism of breast cancer cells. POSTN is mainly 
expressed in the cytoplasm of breast cancer cells and in the 
tumor mesenchyme. Puglisi et al. [73] found significantly 
higher expression of POSTN in breast cancer tissues by 
comparing with normal tissues. The mRNA levels of POSTN 
were found to be 20-fold higher in breast cancer tissues than 
in normal tissues by gene array analysis, while western blot 
and immunohistochemistry results similarly supported this 
finding. High levels of POSTN expression were significantly 

associated with poor disease prognosis, including progres-
sion-free survival and overall survival [74]. The expression 
of POSTN in the cytoplasm correlated with tumor size, 
VEGF-A, progesterone, and VEFG-R1, but not with tumor 
stage, estrogen receptor, or Ki-67 expression. This finding 
suggested an important role of POSTN for angiogenesis. 
Recent studies have shown that POSTN is highly expressed 
in breast cancer stem cells and is more likely to be tumori-
genic in mice. Furthermore, multifactorial analysis suggests 
that high expression of POSTN may be an independent 
prognostic factor for breast cancer.

Bladder cancer. Bladder cancer is the most common 
malignant tumor of the urinary system, and its incidence is 
the first among genitourinary tumors in China. The number 
of diagnosed bladder cancer in the USA in 2017 was about 
80,000; accounting for 5% of all cancer diagnoses [75].

Unlike other cancers, POSTN expression is downregu-
lated in bladder cancer. Immunohistochemical analysis 
showed that POSTN was expressed in brownish color in the 
basal cells of normal bladder tissues, while POSTN expres-
sion was not detected in bladder cancer tissues. POSTN 
expression was detectable in all normal bladder tissues, 
whereas it was detected in only 33% of stage III bladder 
cancer tissues [76]. Normal bladder tissues express the 
typical POSTN heterodimer, as well as other mRNA types 
generated by variable splicing. In contrast in bladder cancer 
tissues, typical POSTN isoforms could not be detected or 
only a small fraction of variable spliced isoforms was present. 
Interestingly, the variable spliced isoforms had an inhibitory 
effect on tumor cell growth. These findings suggest that the 
absence of the typical POSTN isoform is closely associated 
with the development of bladder cancer.

However, several studies have shown that POSTN can 
promote the development of bladder cancer. Invasive bladder 
cancer is highly malignant and extremely lethal, and in this 
type of bladder cancer, high levels of POSTN expression are 
associated with a poor prognosis. Tumor cells can promote 
cancer development by secreting exosomes, and exosomes 
isolated from the urine of bladder cancer patients contain 
high levels of POSTN mRNA, suggesting that POSTN could 
be a potential urinary marker for invasive bladder cancer 
[77]. Kim et al. [78] revealed that the invasive process of 
invasive bladder cancer is regulated by the PDK1/Akt/
mTOR signaling pathway, and POSTN may serve as a poten-
tial therapeutic target to inhibit the invasiveness of invasive 
bladder cancer. This finding suggests an important role of 
POSTN for bladder cancer.

POSTN could be a potential therapeutic target

Because of its important role in key events of tumor 
progression, POSTN may be a potential new therapeutic 
target. Various clinical models have shown that inhibi-
tion of POSTN expression can slow down the rate of tumor 
proliferation. Lee et al. [79] used benzyl-d(U)TP-modified 
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DNA oligonucleotide aptamers (PDNAs) to inhibit POSTN 
expression in a mouse model of breast cancer to effectively 
prevented tumor growth and cell migration. In addition, 
Kyutoku et al. [80] used POSTN antibodies against POSTN 
exon 17 to treat mice with lung metastatic carcinoma and 
significantly inhibited the proliferation of tumor cells in situ 
and metastatic foci in the lung. Zhu et al. [81] used anti-
POSTN monoclonal antibodies to inhibit POSTN expression 
in a mouse ovarian cancer model and significantly reduced 
the number of metastatic foci compared with the control 
group. Currently, more and more studies have demonstrated 
the important role of POSTN in cancer development, and 
POSTN is involved in several landmark events of tumor 
progression, playing an important role in tumor diagnosis, 
treatment, and prognosis.

Conclusion and perspective

POSTN is highly expressed in a variety of tumors, and 
higher expression levels of POSTN are significantly associ-
ated with a poor prognosis. In future studies, large cohort 
studies and high-quality controlled trials are needed to inves-
tigate the changes in POSTN expression levels in tumors with 
different treatments as a way to determine whether POSTN 
can be an ideal biomarker. Many studies have addressed the 
correlation between POSTN expression levels in serum of 
tumor patients and prognosis, but the conclusions have not 
been uniform. In addition, the exact mechanism by which 
POSTN induces drug resistance in tumor cells still needs to be 
investigated in depth. POSTN secreted by the tumor mesen-
chyme facilitates the formation of a microenvironment for 
tumor metastasis, and current studies suggested that POSTN 
can reach target organs in the form of exosomes, so the block 
of exosomal transport may become a new therapeutic direc-
tion. In conclusion, POSTN as a multifunctional protein is 
involved in regulating the development of various tumors, 
and its mechanism of action will be improved as researchers 
further investigate POSTN in tumors. It is expected that 
POSTN will become a target for tumor therapy in the future.
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