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Role of periostin in esophageal, gastric and colon cancer (Review)
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Abstract. Periostin, also known as osteoblast-specific factor 2,
is a cell-adhesion protein with pleiotropic properties. The
protein serves a vital role in the maintenance and development
of tooth and bone tissue, in addition to cardiac development
and healing. Periostin levels are increased in several forms of
cancer, including pancreatic, ovarian, colon, lung, breast, gastric,
thyroid, and esophageal head and neck carcinomas. The present
review highlights the key role of periostin in tumorigenesis,
particularly in increasing cell survival, invasion, angiogenesis,
epithelial-mesenchymal transition and metastasis of carcinoma
cells by interacting with numerous cell-surface receptors,
including integrins, in the phosphoinositide 3-kinase-Akt
pathway. In addition, periostin actively affects the canonical
Wht signaling pathway of colorectal tumorigenesis. The current
review focused on the involvement of periostin in the develop-
ment of colorectal, esophageal and gastric cancer.
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1. Introduction

Periostin, also known as osteoblast-specific factor 2, is an
811 amino acid long protein that is secreted by osteoblasts (1).
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The protein is a member of the transforming growth factor
(TGF)-p-inducible protein superfamily and is induced in
mesenchymal cells following stimulation by TGF-f3, bone
morphogenetic protein 2, interleukin (IL)-4 or IL-13 (2-4).
Periostin serves a vital role in the maintenance and devel-
opment of tooth and bone tissue, in addition to cardiac
development and healing (2-4).

Potential factors stimulating the secretion of peri-
ostin may also include platelet-derived growth factor-AA
and -BB, fibroblast growth factor (FGF)-A, -B and -1, and
angiotensin II (Ang II). Furthermore, FGF-1 and Ang II
enhance periostin expression following activation of the
Ras/MEK1/2/extracellular signal-regulated kinase (ERK)1/2,
phosphatidylinositol 3-kinase (PI3K)/Akt/p70S6K and
Ras/p38 mitogen-activated protein kinase signaling path-
ways (5,6). Periostin has become a key protein investigated
in cancer studies due to its vital function in regulating cell
matrix interactions and organization by binding to proteins
such as collagen 1/V, fibronectin and tenascin C (7). The
protein also functions as a ligand for integrins, including
avp3, avp5 and a6p4 (8). Furthermore, periostin interacts
with various molecules to affect a number of pathways, such
as Notch 1 signaling (9,10), and thus, a lack of periostin may
be responsible for a suppression of Notch 1 signaling (9,10).
Conversely, it cannot be excluded that the overexpression of
periostin may result in the activation of Notch 1 signaling in
cancer (10). Additionally, periostin was identified as being
involved in gastric cancer cell epithelial-mesenchymal transi-
tion (EMT) (11). This study reviews the current state-of-the-art
role of periostin in gastrointestinal cancers.

2. Periostin in esophageal cancer

A previous study observed that periostin was present in the
normal esophagus, but its levels were significantly lower in
healthy esophagus tissues than in other areas of the gastro-
intestinal tract, including the stomach and colorectum (12).
Meanwhile, periostin expression was identified to be signifi-
cantly higher in esophageal squamous cell carcinoma (ESCC)
compared with adjacent non-neoplastic esophageal epithe-
lium (13). mRNA profiling of ESCC tissues demonstrated
an upregulation of periostin as high as 11-fold (13). Simi-
larly, a quantitative tissue proteomic study reported a 7-fold
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upregulation of periostin in tumor tissues compared with nor-
mal tissues (14). However, a further study investigated whether
periostin was secreted by cancer cells or non-epithelial cells,
including cancer-associated fibroblasts, and it was observed
that it was primarily produced by the latter. At the same time,
periostin was reported to bind as a ligand to avp3 and avf5
integrins (Fig. 1), thus signaling via the PI3K-Akt pathway
within oesophageal adenocarcinoma cells; this indicated that
periostin accumulated to a higher degree in ESCC tissue than
in adjacent tissue outside the tumor (15).

Luo et al (16) reported that the overexpression of periostin
correlated with adventitia invasion, lymph node metastasis
and tumor-node-metastasis (TNM) stage. In addition, it was
also observed that lymph node metastasis, adventitia invasion
and TNM stage were associated with positive expression of
synuclein vy (breast cancer-specific protein 1) (16), which may
be responsible for altering protease secretion and subsequently
affecting the tumor biology.

The majority of studies investigating ESCC have focused
on the association between periostin and vascular endothelial
growth factor (VEGF) and microvessel density (MVD) in
the development of cancer and prediction of patient prog-
nosis (17). Periostin-positive tumors reportedly exhibit higher
levels of VEGF and MVD compared with periostin-negative
tumors (17), with a positive correlation identified between
VEGF and periostin; these results indicate that periostin
serves a key role in ESCC tumorigenesis through the induction
and/or promotion of angiogenesis (17). As high levels of VEGF
in serum is associated with a more advanced stage and poorer
response to chemoradiotherapy, VEGF may be viewed as a
predictive and prognostic factor of further tumor progression
and shorter patient survival (18).

Paramount genetic alterations associated with the initiation
and progression of ESCC include mutations underlying the
overexpression of p53 and epidermal growth factor receptor
(EGFR) (19). It was previously demonstrated that culturing
EPC2-hTERT-EGFR-p53R'™H cells, which overexpress EGFR
and contain a p53 missense mutation, in a three-dimensional
organotypic culture induced the invasion of these cells into
the extracellular matrix (20). Michaylira et al (21) reported
that the induction of periostin, which was preferentially
expressed in invading cells, was dependent upon EGFR
signaling and p53 mutation. The restoration of wild-type p53
function was identified as a contributing factor to the attenu-
ation of periostin function in an organotypic culture model
of engineered ESCC (22). Esophageal cells overexpressing
periostin and mutant p53®'" exhibited an upregulation in
the signal transducer and activator of transcription 1 (STAT1)
network and STAT-1 dependent genes (22). The knock-
down of STATI in invasive EPC-hTERT-p53*'H-POSTN
and EPC-hTERT-EFGR-P53 ®'7*" cells resulted in reduced
invasiveness, while periostin-knockdown in ESCC tumor
xenografts led to a decrease in p53 expression, STATI acti-
vation and a significant decrease in cluster of differentiation
(CD)44"CD24"" tumor-initiating cells (22).

As periostin levels vary significantly between healthy and
diseased tissues, the protein may be used as a distinguishing
marker in the diagnosis and therapy of cancer to a certain
extent as confirmed by Kwon et al (23) in ESCC. The study
focused on the simultaneous involvement of aurora kinase B
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(AURKB) and periostin and heat shock protein 47 (HSP47),
which each exhibited a significant increase at the mRNA and
protein level (23). Notably, AURKB and HSP47 levels were
increased during early stages of cancer, whereas periostin
levels increased during cell-cell interactions between cancer
and adjacent stromal cells (23).

3. Periostin in gastric cancer

Normal and benign gastric tissues express periostin at the
highest level among the non-neoplastic tissues of other
organs of the gastrointestinal tract, with eventual impact on
normal epithelium physiology (12). The effect of periostin is
considerably more marked in gastric cancer, and is reportedly
overexpressed at the mRNA and protein levels in comparison
to adjacent notmal tissues (24). Kikuchi et al (25) identified
that periostin expression was increased in stage II-IV stomach
cancer tissues. By contrast to benign gastric tissues, with cancer
progression, the linear deposition of periostin disappeared in
intestinal type gastric tubular adenocarcinoma. Furthermore,
in situ hybridization documented the presence of periostin
expression in fibroblasts, but not in cancer cells (25). Periostin
promoted in vitro growth of OCUM-2MLN and OCUM-12
cancer cell lines; this process was associated with ERK activa-
tion (25). Finally, the study demonstrated that in vivo mouse
fibroblasts with positive periostin expression were susceptible
to tumor formation (25).

The varying deposition patterns of periostin in cancer
tissue bears testimony to its diverse biological role depending
on the source of its origin (26). A recent study by Lv et al (26)
demonstrated that the restoration of periostin in gastric cancer
cells inhibited their growth and invasiveness. Furthermore,
epithelial cell-derived periostin had a positive effect on reti-
noblastoma protein (Rb) phosphorylation, which induced the
activation of the E2F1 target gene pl4°kF (26). This gene was
responsible for mouse double minute 2 homolog (Mdm?2) inac-
tivation, which led to the stabilization of p53 and E-cadherin
proteins (26). Notably, under these circumstances, Rb deletion
resulted in the abolishment of the aforementioned effects (26).

A further key role of periostin in gastric cancer is the
induction of angiogenesis (27). MKN-45 cells under hypoxic
conditions exhibited increased periostin expression, which
subsequently activated ERK1/2 and resulted in VEGF-medi-
ated angiogenesis (27). When periostin was knocked down in
these cells by specific small interfering RNA, this effect was
abolished (27).

Nicotine has been identified as an important factor
responsible for the induction of gastric cancer, with periostin
reported to increase cell invasion, proliferation and EMT
in nicotine-induced gastric cancer (11). Nicotine has also
been demonstrated to upregulate the expression of periostin
in gastric cancer cells via a cyclooxygenase-2-dependent
pathway, and thus promotes the mitosis and proliferation of
gastric cells (11).

A key issue in chemotherapy is the sensitivity of the cancer
cells to the applied drugs (28). SGC-7901 human gastric cancer
cells proved susceptible to the apoptosis caused by cisplatin, but
overexpression of periostin made these cells more resistant to
cisplatin treatment. The same cells treated with 5-fluorouracil
(5-FU) behaved in a similar manner (28). Overexpression of
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Figure 1. Impact of periostin on cancer with regard to metastatic dissemination. (A) Interaction of periostin with integrins promotes migration, survival and
proliferation of cells through activation of the phosphatidylinositol 3-kinase-Akt pathway, which leads to malignant transformation. (B) Periostin activates the
canonical Wnt pathway; augmentation of this signal may additionally depend on mutation-related overexpression and co-stimulation with certain oncogenes.
(C) Presence of periostin favors the transfer of cancer cells to sites of metastases. PKB, protein kinase B; LRP, low density lipoprotein receptor; DSH,
Dishevlled; FRZ, frizzy; APC, adenomatous polyposis coli; GSK3, glycogen synthase kinase 3; ECM, extracellular matrix.

periostin in the SGC-7901 gastric cancer cell line increased
resistance to 5-FU or cisplatin-induced apoptosis and reduced
the release of cytochrome ¢ from the mitochondria, resulting
in diminished cleavage of poly(ADP-ribose) polymerase-1 and
caspase-3, and decreased expression of p53 and Bax, in addi-
tion to increased Akt phosphorylation and B-cell lymphoma 2
expression (28). It is important to note that the interaction
between the p53 and PI3K/Akt pathways is crucial for apop-
tosis and survival of cancer cells. Furthermore, activation of
Akt may result in destabilization of p53 by Mdm?2 (29).

4. Periostin in colorectal cancer

A relatively high level of periostin was present in normal
gastric and colon tissues in comparison to other regions of the
alimentary tract, which bears testimony to the role that it plays
in the normal physiology of the epithelium (12). Preoperative
serum concentrations of periostin were observed to be signifi-
cantly higher in colorectal cancer (CRC) compared with benign
colorectal polyps or adenoma and healthy controls (30). This,
in turn, functioned as a marker associated with the oncoming
metastasis and generally poor prognosis for the patients (30).
Additionally, more advanced stages of the disease were char-
acterized by greater concentrations of periostin (30). CRC
tissues exhibited upregulated periostin expression compared
with normal tissues, while no periostin mRNA expression

was observed in 4 CRC cell lines, including SW480, HT-29,
LS174T and SW620 (30). Generally, lower postoperative
concentrations of periostin suggest that the increased levels
were produced by tumors. Ben et al (30) suggested that peri-
ostin may be produced by the stromal cells surrounding the
tumor, but not by the CRC cells themselves.

In the normal colon, the highest level of periostin expres-
sion is observed in the cells lining the colonic crypts, whilst in
CRC, periostin accumulates diffusely in the malignant epithe-
lium. In healthy tissues, mouse and human colonic depositions
of periostin are in close proximity to pericryptal fibroblasts,
and are also observed in numerous neoplastic tissues (31).
Kikuchi et al (31) identified the connection between periostin
expression and colorectal crypt fibroblasts and infiltrating
fibroblasts of the tumor tissue. Periostin-mediated induction of
fibroblasts resulted in an increase in the number of HCT 116
colon cancer cells in co-culture (31).

Regarding studies on periostin, a particularly important
observation was the expression and function of the protein
in CD133* tumor cells (32). CD133 is a 120-kD transmem-
brane glycoprotein, which has been recently employed as a
cancer stem cell marker in various types of carcinoma (32).
Wau et al (32) observed that CD133* CRC tumor cells, which
possess potent tumorigenicity responsible for tumor initiation
and maintenance, were characterized by significantly higher
periostin expression compared with CD133- CRC tumor cells.
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Statistical analysis demonstrated a linear correlation between
the expression of periostin and clinicopathological factors,
including lymph node metastasis, tumor size, histological
type, postoperative liver metastasis and TNM stage (32).

Periostin enhances cancer cell survival and promotes
their metastatic growth via the Akt/protein kinase B (PKB)
pathway (33). As a result, suppression of the Akt/PKB pathway
promotes apoptosis through Bad and caspase-9 activation (33).
In addition, CRC cell exposure to anti-periostin antibodies
results in the activation of apoptosis and potentiation of the
effects of 5-FU chemotherapy (33).

Xiao et al (34) reported that HT-29 and SW480 CRC
cells treated with 5-FU or oxaliplatin demonstrated greater
levels of periostin at the protein and mRNA levels. Notably,
periostin was responsible for inhibiting cell apoptosis, and
periostin silencing subsequently led to increased apoptosis
and enhanced cleavage of caspase-3 and poly(ADP-ribose)
polymerase-1 in the CRC cells following drug treatment (34).
Periostin silencing also resulted in the suppressed expression
of survivin (34). However, survivin, an antiapoptotic protein
present in CRC cells, repressed apoptosis when expressed at
low levels in SW480 and HT-29 cells with depleted periostin
levels (34). Additionally, overexpression of periostin increased
survivin expression and phosphorylation of Akt, which was
able to be reversed by pretreatment with the specific inhibitor,
LY294002 (34). Periostin interacts with numerous factors at
the onset of colon carcinoma, for example, periostin contrib-
utes to the increase of Wnt signaling in cancer stem cells
by recruiting Wnt ligands, as shown in the experiments by
Malanchi et al (35). Furthermore, it was demonstrated that
periostin is required for cancer stem cell maintenance and
metastasis (35), and participates in the recruitment of Wnt
ligands, subsequently increasing Wnt signaling in cancer stem
cells (35).

5. Conclusion

Periostin promotes cancer growth, not only in primary carci-
nomas of the esophagus, stomach and large bowel (11,17,35),
but also in cancer of other organs, including prostate
cancer (36). As neutralization of periostin signaling induces
cell apoptosis and enhances the cytotoxic effects of anti-tumor
agents in CRC, this protein has emerged as a marker of poor
prognosis and a target for anticancer therapy. Construction of
novel periostin signaling pathway-targeted drugs could affect
the aforemmentioned multiple molecular messengers. These
molecular targets should be selected with such modifications
that this type of treatment would not disturb the correct func-
tions of healthy cells. However, it is a great challenge to focus
the therapeutic property of the targeted drug to exclusively
limit cancer growth in the pharmacological regulation of
periostin expression, as periostin is a factor that is normally
expressed in benign cells and is involved in multiple interac-
tions with numerous other molecules.
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