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Abstract
AIM: To investigate the expression and localization of 
periostin in gastric cancer and its clinical relevance.

METHODS: Reverse t ranscr ip tase po lymerase 
chain reaction was used to measure periostin mRNA 
expression. Western blotting was carried out to detect 
periostin protein expression. Immunohistochemistry was 
performed to localize and quantify the expression of 
periostin in benign gastric diseases and gastric cancer, 
and immunostaining results were correlated with gastric 
cancer pathological stages.

RESULTS: Periost in expression was low at both 
mRNA and protein levels in normal gastric tissues, 
but was overexpressed in gastric cancer tissues. 
Immunohistochemical staining revealed that periostin 
was overexpressed in primary gastric cancer, as well as 
in metastatic lymph nodes, but only faint staining was 
found in benign gastric ulcers. By quantitative analysis 
of the immunostaining results, periostin expression was 
increased 2.5-4-fold in gastric cancer, compared to that 
in benign gastric disease, and there was a trend toward 
increasing periostin expression with tumor stage.

CONCLUSION: This observation demonstrated that 
periostin was overexpressed in gastric cancer and lymph 
node metastasis, which suggests that periostin plays 
an important role in the progression and metastasis of 
gastric cancer.
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INTRODUCTION
Gastric cancer remains the fourth most common cancer 
worldwide. Due to its high incidence and malignant 
behavior, and the lack of  major advances in treatment 
strategy, it is still the second most frequent cause of  death 
from malignant diseases[1]. A variety of  clinicopathological 
characteristics may affect the prognosis of  gastric cancer, 
and accumulating evidence has revealed that numerous 
genetic markers influence the biological behavior of  
gastric cancer. The abnormal expression of  certain genes 
in cancer cells is closely related to various aspects of  
tumor progression, including tumor growth, invasion and 
metastasis, and inactivation of  tumor suppressor genes, 
particularly the p53 or adenomatous polyposis coli gene[2].

Recently, great efforts have been made to determine the 
gene expression pattern differences between various types 
of  human cancer and their corresponding normal tissues, 
although the alterations of  a certain number of  tumor 
suppressor genes and oncogenes have been shown to be 
closely associated with the progression of  human cancer.
Less is known about the functions of  a large number of  
other genes whose expression patterns are also significantly 
changed during the tumorigenic process. Particularly 
interesting is the mesenchyme-specific gene family, normally 
associated with osteoblasts, which are highly expressed 
in various types of  human cancer[3,4]. One such candidate 
gene is that for periostin, which is overexpresed in several 
types of  human cancer, such as breast, colon and ovarian 
cancer[5-7]. Furthermore, it is supposed that, at the molecular 
level, periostin functions as a ligand for alpha (V), beta (3), 
and alpha (V) beta (5) integrins to support adhesion and 
migration of  ovarian epithelial cells[5], and periostin activates 
the Akt/PKB signaling pathway through the alpha (V) beta 
(3) integrins, to increase cellular survival[7]. While integrin 
expression level is supposed to be related to the metastasis 
and relapse of  gastric cancer[8], the expression pattern of  
periostin in gastric cancer is still unknown. In this paper we 
investigated periostin expression profile in gastric cancer 
and its clinical relevance.
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MATERIALS AND METHODS
Patients and tissue collection
Samples from 35 gastric cancers, including five metastatic 
lymph node samples, were obtained from 25 male and 10 
female patients (median age, 56 years; range, 45-79 years) 
who underwent gastric resection at the University Hospital 
of  the Affiliated Zhong-Da Hospital, Southeast University. 
Five benign gastric ulcer tissue samples were obtained 
from three male and two female patients, in whom 
gastrectomy was performed (median age, 55 years; range, 
25-67 years). According to the TNM classification of  the 
Union International Contre le Cancer (UICC), the 35 
gastric cancers were classified as follows: five tumors were 
stageⅠ, eight were stage Ⅱ, 16 were stage Ⅲ, and six were 
stage Ⅳ. The vast majority of  the tumors were located 
in the distal part of  the stomach (21 cases), and one-
third were located in the proximal part of  the stomach. 
Immediately upon surgical removal, tissue samples were 
either snap-frozen in liquid nitrogen and then maintained 
at 80℃ until use (for RNA extraction), or fixed in 5% 
formalin and embedded in paraffin after 24 h. All studies 
were approved by the ethics committees of  the Affiliated 
Zhong-Da Hospital, Southeast University.

RNA extraction and reverse transcriptase polymerase 
chain reaction (RT-PCR)
Total RNA from human gastric tissues was isolated 
either by the Trizol Reagent (TIANGEN, Beijing, China) 
according to the manufacturer’s instructions. Potentially 
contaminating DNA was removed by RNAse-free 
DNAseⅠtreatment. Primers for the genes of  interest 
were: periostin193 bp (5'-GCCATCACATCGGACA
TA-3' and 5'-CTCCCATAATAGACTCAGAACA-3'),  
and β-actin 621 bp (5'-ACACTGTGCCCATCTACGAG
G-3' and 5'-AGGGGCCGGACTCGTCATACT-3'). The 
RT-PCR conditions were: for the first strand synthesis of  
cDNA, 48℃ for 45 min and 94℃ for 2 min to denature 
the template; and for second strand synthesis and DNA 
amplification, 94℃ for 30 s, 50℃ for 30 s, and 72℃ for 
1 min, for a total of  32 cycles, followed by a single step at 
68℃ for 7 min.

The products were visualized on 1.5% agarose 
gels stained with ethidium bromide, and signals were 
quantified by densitometry using the MetaView analyzing 
system (version 4.5 Universal Imaging, West Chester, PA, 
USA). Periostin expression was standardized to β-actin 
expression assessed from the same cDNA in separate PCR 
reactions, and run on the same gels. The standardized 
mean of  each triplicate PCR was then expressed relative to 
the levels in β-actin cDNA. The density value was analyzed 
by Labimage software (Halle, Germany). P < 0.05 was 
considered as statistically significant.

Protein extraction
Tissues were lysed in 0.5 mL lysis buffer containing 50 
mmol/L Tris/HCl (pH 7.5), 150 mmol/L NaCl, 2 mmol/
L EDTA (pH 8.0) and 1% SDS with proteinase inhibitors 
(one tablet/10 mL, Roche Molecular Biochemicals, USA). 
Protein concentration was determined by the BCA Protein 
Assay (Pierce, Rockford, IL, USA). 

Western blot analysis
Fifty micrograms of  protein was separated on SDS-
polyacrylamide gels and electroblotted onto nitrocellulose 
membranes. Membranes were then incubated in blocking 
solution (5% non-fat milk in 20 mmol/L Tris/HCl, 150 
mmol/L NaCl, 0.1% Tween-20; TBS-T), followed by 
incubation with rabbit anti-periostin antibodies (Abcam, 
Cambridge, MA, USA; 1:500) at 4℃ overnight. The 
membranes were then washed in TBS-T and incubated 
with horseradish peroxidase-conjugated secondary 
antibodies (Amersham Life Sciences, Amersham, UK) 
for 1 h at room temperature. Antibody detection was 
performed with an enhanced chemiluminescence reaction 
(Amersham Life Sciences).

Immunohistochemistry
Immunohistochemistr y was perfor med using the 
strepavidin-peroxidase technique and the DAKO EnVision 
System (Dako Cytomation, Hamburg, Ger many). 
Consecutive paraffin-embedded tissue sections (4-µm 
thick) were deparaffinized and rehydrated. Antigen 
retrieval was performed by pretreatment of  the slides 
in citrate buffer (pH 6.0) in a microwave oven for 12 
min. Thereafter, slides were cooled to room temperature 
in deionized water for 5 min. Endogenous peroxidase 
activity was quenched by incubating the slides in methanol 
containing 0.6% hydrogen peroxide, followed by washing 
in deionized water for 3 min, after which the sections were 
incubated for 1 h at room temperature with normal goat 
serum, and subsequently at room temperature for 1 h with 
the primary anti-periostin antibody (Abcam; 1:100). Next, 
the sections were rinsed with washing buffer (Tris-buffered 
saline with 0.1% BSA) and incubated with biotinylated 
goat anti-rabbit IgG and streptavidin-peroxidase 
complex, followed by reaction with diaminobenzidine and 
counterstaining with Mayer's hematoxylin. In addition, 
to confirm the specificity of  the primary antibody and 
the technique used, tissue sections were incubated in 
the absence of  the primary antibody and with negative 
control rabbit IgG. Under these conditions, no specific 
immunostaining was detected. The quantitative analysis of  
the immunohistochemistry staining of  periostin expression 
in gastric tissues was performed as previously described[9]. 
The staining of  each tissue was analyzed to determine 
the mean optical density (MOD), which represents the 
concentration of  the stain per positive pixels.

RESULTS
Periostin mRNA expression is upregulated in gastric 
cancer tissues
To clarify the expression of  periostin in human gastric 
tissues, we initially examined the expression of  periostin 
mRNA in five gastric cancer tissues (T) versus normal 
gastric tissues (N) obtained from the same patients. The 
expression of  β-actin was examined as an internal control. 
As shown in Figure 1, periostin mRNA was expressed in 
all five gastric cancer tissues at different levels. In contrast, 
its staining was detected at a very low level in normal 
gastric tissues, and quantitative analysis showed that there 
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was a signifi cant difference in periostin expression between 
gastric cancer and normal tissues (P < 0.05, the density 
ratio between N and T was 0.1912 vs 0.8804).

Periostin protein expression in gastric cancer and normal 
tissues
To determine if  the higher level of  periostin mRNA 
expression revealed by RT-PCR analysis was directly linked 
to increased levels of  periostin protein expression, we 
performed Western blot analysis with protein extracts from 
matched tissue sections (from which the mRNA samples 
were extracted). As shown in Figure 2A, periostin was 
found to be highly expressed in gastric cancer tissues from 
five different patients (T), whereas only faint periostin 
expression was found in the normal gastric tissues, with 
a fivefold overexpression of  periostin in cancer tissues 
compared with normal tissues (P < 0.05, the density ratio 
was 0.8354 vs 4.5773) (Figure 2B). Taken together, these 
data demonstrate that periostin is highly expressed at both 
mRNA and protein levels in gastric cancer tissues. 

Cellular localization of periostin in gastric tissues and its 
clinical relevance
To investigate the signifi cance of  periostin overexpression 
in gastric cancer further, immunohistochemistry was 
carried out on five benign gastric ulcers and 35 cases 
of  gastric cancer, which included: five stageⅠtumors, 
eight stage Ⅱ, 16 stage Ⅲ, and six stage Ⅳ tumors, and 
five metastatic lymph nodes. As shown in Figure 3, the 
immunostaining indicated that high levels of  periostin 
were present in the areas surrounding cancer cells, as 
well as in some cancer cells themselves. Periostin was 
also prominently stained in metastatic lymph nodes. In 
contrast, periostin expression was low in benign gastric 
ulcer tissues. Quantitative analysis of  the periostin 
immunohistochemistry results indicated that the average 
MOD of  periostin staining in the stageⅠ-Ⅳ tumors 
was much higher than that in benign gastric ulcers in 
each group (P < 0.05). Furthermore, there was a trend 
for increasing periostin expression in stageⅠ-Ⅳ tumors, 
although the difference was not statistically significant. 
In addition, there was no correlation between periostin 
expression and patient age and gender (data not shown). 
Taken together, these observations indicated that higher 
levels of  periostin expression were associated with cancer 
progression and metastasis.

DISCUSSION
Many studies have already demonstrated that interactions 

between integ r ins of  the tumor ce l l surface and 
adhesion molecules in the extracellular matrix (ECM) 
microenvironment may play a critical role in tumor cell 
migration, survival and growth[10-12]. The ECM-integrin 
interactions may also trigger intracellular signaling 
and activation of  certain genes that leads to tumor 
cell proliferation during metastatic growth[13], and the 
formation of  blood vessels within the tumor mass[14]. It is 
believed that integrins are also important in the attachment 
and metastasis of  gastric cancer[8]. As a mesenchymal gene, 
periostin was formerly called osteoblast-specifi c factor-2, 
and was originally identifi ed as an 811-amino acid protein 
secreted by osteoblasts[15]. It has structural homology 
with insect fasciclinⅠand can bind heparin and support 
adhesion of  osteoblasts[16], which leads to the hypothesis 
that it functions to recruit and attach osteoblasts to the 
periosteum. 

Periostin is upregulated in colorectal and breast cancer, 
and their liver metastases, which suggests that it plays a 
role in promoting growth in these tumors; furthermore, 
anti-periostin antibodies activate apoptosis and potentiate 
the effects of  5-fluorouracil chemotherapy in colorectal 
cancer[17,18]. Sasaki has reported[6] that periostin serum 
level is elevated in breast cancer with bone metastases, 
and has suggested it as a tumor marker in breast cancer.  
Since periostin functions as a ligand for integrins, and 
promotes ovarian cancer cell migration and adhesion[7], it 
is reasonable to investigate its role in gastric cancer.

In the present study, we found that periostin was 
expressed in normal gastric and gastric cancer tissues, 
while its expression was markedly elevated in cancer 
tissues. The basal mRNA and protein level of  periostin 
in normal and benign gastric tissues suggest that it plays 
a role in the normal physiology of  the gastrointestinal 
epithelium, as it was also found that periostin was 
expressed in normal colon tissue (data not shown). The 
dramatic increase in periostin in gastric cancer suggests its 
role in cancer progression. We found that periostin level 
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Figure 1  RT-PCR analysis of periostin mRNA expression in human gastric cancer 
(T) and normal gastric tissues (N). Periostin was differentially expressed in gastric 
cancer tissues (T) compared with normal gastric tissues (N) from the same patient. 
The expression of β-actin was used as an internal control.
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Figure 2  Periostin protein expression in normal and cancer tissue samples. 
Tissue extracts from normal or gastric cancer tissue samples were subjected to 
immunoblot analysis with a polyclonal antiperiostin antibody. The results shown 
in the T and N lanes are for cancer and normal tissues, respectively, from which 
RT-PCR was performed (A). Over fi vefold more periostin was detected in gastric 
cancer tissues than in normal tissues from the same patient (B).



was signifi cantly increased in cancer tissues compared with 
gastric ulcers, and periostin level also increased with tumor-
stage progression. As observed in other cancers, increased 
expression of  periostin was associated with advanced stage 
and cell proliferation, adhesion and migration[5,19-27], and 
these results demonstrate that periostin may play a role in 
the progression of  gastric cancer.

However, i t has been repor ted that decreased 
expression of  periostin is associated with progression of  
bladder cancer in humans, and expression of  periostin 
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Figure 3  Immunohistochemical analysis 
of periostin expression in normal gastric 
tissues, benign gastric ulcers, gastric cancer 
tissues, as well as lymphoid metastasis from 
gastric cancer. The tissue sections were 
immunostained with a polyclonal antibody. 
The positive staining for periostin protein is 
shown with a brown color. All sections were 
counterstained with hematoxylin showing a 
blue color. (A) Negative control; (B) benign 
gastric ulcer; (C) stageⅠgastric cancer; (D) 
stageⅡgastric cancer; (E) stage Ⅲ gastric 
cancer; (F) stage Ⅳ gastric cancer; (G) 
lymph node metastasis. The average MOD 
of periostin staining from stageⅠ-Ⅳ gastric 
cancer was signifi cantly higher than that from 
normal gastric tissues in each group (H) (P < 
0.05).

mRNA is markedly reduced in a variety of  human cancer 
cell lines[28,29]. These results differed from our fi ndings that 
showed that periostin was upregulated in gastric cancer 
tissues at both the mRNA and protein level. We speculate 
that there are several explanations for the present fi ndings. 
First, the expression profi le of  cancer cell lines may not 
reflect the in vivo expression pattern in certain tumors; 
second, periostin may have different functions according 
to different histopathological types of  cancer; and third, 
it is possible that periostin may function differently by 
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expressing alternative splicing events at the C-terminal 
region, as five different spliced transcripts of  periostin are 
produced[15].

In summary, periostin expression was greater in gastric 
cancer tissues and metastatic lymph nodes compared to 
that in normal gastric tissues and benign gastric diseases 
(ulcers), and this increased expression was closely 
correlated with the TNM stage of  gastric cancer. Our 
results strongly suggest that periostin plays a role in the 
progression of  gastric cancer.
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 COMMENTS
Background
The pathogenesis of gastric cancer has been extensively investigated in 
recent years, and the expression of many genes changes in the progression of 
carcinogenesis, cell invasion and metastasis. Periostin was originally identified in 
a mouse osteoblastic library. Its role in tumorigenesis is still unclear.

Research frontiers
Periostin has been suggested to be involved in cell adhesion and tumor formation. 
The human periostin gene has been shown to be overexpressed in lung cancer. 
Serum periostin levels are elevated in many kinds of human malignancy, and are 
correlated with poor prognosis. All of these observations suggest that periostin 
plays a role in tumorigenesis.

Innovations and breakthroughs
The expression of periostin is variable throughout the gastrointestinal tract. 
The basic level of this protein expression suggests that it plays a role in the 
normal physiology of the gastrointestinal epithelium. However, the expression of 
periostin mRNA differs between primary tumors and their respective cell lines. For 
example, periostin mRNA expression is low in colorectal cancer and head and 
neck squamous cell carcinoma cell lines, but higher in the primary tumors. The 
possibility is that stromal components play a role in stimulating periostin expression. 
Furthermore, opposite findings have been reported, periostin is down-regulated in 
bladder cancer, and invasiveness and metastasis are suppressed by periostin.

Applications
This study has implications for the future investigation of mesenchyme-specific 
genes in the formation of gastrointestinal cancer. Regarding the higher expression 
of periostin in gastric cancer, at both the mRNA and protein level, it is possible that 
periostin plays a role in the development of gastric cancer, and further study of this 
molecule in gastric cancer and its role as a biological marker is warranted.

Peer review
This is a well-written study which investigated the expression of the periostin gene. 
There has not been much research on this molecule in gastric cancer, and this 
study revealed that periostin was more highly expressed at the mRNA and protein 
level in gastric cancer, and the expression level was positively correlated with 
clinical tumor stage. Further investigation regarding the function and prognostic 
significance of periostin will be interesting, and this paper is a valuable addition to 
the literature on gastric cancer.
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