
EXPERIMENTAL AND THERAPEUTIC MEDICINE  16:  3847-3854,  2018

Abstract. Gastric cancer is a common human cancer world-
wide. Fibronectin is an important extracellular matrix protein 
that has been implicated in many cancers and is known to 
be associated with proliferation and migration. Fibronectin 
type  III domain containing 1 (FNDC1) contains a major 
component of the structural domain of fibronectin. The objec-
tives of the present study were to measure FNDC1 expression 
in gastric cancer tissues and evaluate its value as a potential 
prognostic marker for gastric cancer. FNDC1 protein expres-
sion was analyzed by immunohistochemistry in 98 samples 
of gastric cancer tissue and 25 adjacent normal tissues. The 
associations between FNDC1 level and various clinico-
pathological characteristics were assessed, and the correlation 
between FNDC1 expression levels and prognosis of patients 
with gastric cancer was analyzed using a Kaplan‑Meier 
analysis. It was demonstrated that FNDC1 expression in 
gastric cancer tissues and adjacent tissues was significantly 
different. FNDC1 expression levels were significantly higher 
in gastric cancer tissues compared with normal gastric tissues 
(P<0.001). Among the clinicopathological characteristics 
evaluated, clinical stage (P<0.001), T classification (P<0.001), 
N classification (P<0.001) and pathological differentiation 
(P=0.044) were significantly associated with high FNDC1 
expression. Higher FNDC1 expression level was significantly 

correlated with poorer survival. The present findings suggest 
that FNDC1 expression levels may be a promising prognostic 
biomarker for gastric cancer.

Introduction

Despite the development of therapeutics in recent years, 
gastric cancer is one of the most recurrent malignant types 
of cancer and the second most common cause of cancer 
deaths worldwide  (1). Of all reported cases, two‑thirds of 
gastric cancer‑related deaths have occurred in developing 
countries with high‑risk areas, including China, Japan 
and Central and South America  (2,3). Several factors are 
known to serve important roles in promoting gastric cancer, 
including familial genetics and environmental factors, such 
as Helicobacter pylori infection, foods with high salt content 
and smoking (4‑7). Irrespective of traditional treatments such 
as surgery, radiotherapy, and chemotherapy as well as novel 
cancer‑targeting therapies, the overall 5‑year survival rate in 
patients with gastric cancer is very low (8,9). Thus, gastric 
cancer is a multi‑factorial, complex disease, and the detailed 
mechanisms regulating its development and progression 
remain unclear. For these reasons, the identification of addi-
tional biomarkers of gastric cancer and therapeutic targets is 
imperative and necessary for improving the clinical outcome. 

Tumor invasion and metastasis require proteolytic 
degradation of the basement membrane and the extracellular 
matrix (ECM). Fibronectin is an important ECM protein, 
which has been implicated in many cancers and is known to 
be associated with cancer proliferation and migration (10‑13). 
Fibronectin type  III domain containing 1 (FNDC1), also 
known as AGS8, contains a major component of the structural 
domain of fibronectin (13). Recent studies have demonstrated 
that FNDC1 is closely associated with the development of 
many diseases  (14‑21); however, the function of FNDC1 
is still not clear. These studies demonstrated that FNDC1 
expression increased with skin tumor progression and 
increasing tumor thickness (14). FNDC1 was demonstrated 
to be hypermethylated in adenoid cystic carcinoma  (15). 
In vitro, knockdown of FNDC1 could suppress the cellular 
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proliferation and migration of prostate cancer, while inducing 
apoptosis (16). van Ingen et al (17) performed a genome‑wide 
association study and identified that FNDC1 serves an 
important role as a disease‑contributing gene of acute otitis 
media in children. FNDC1 is also expressed in the kidney, 
may regulate G protein signaling and has been implicated 
in the hypoxia‑induced apoptosis of cardiomyocytes (18‑20). 
Recently, FNDC1 was reported to be associated with vascular 
endothelial growth factor (VEGF)‑mediated cellular events, 
including tube formation, migration and proliferation (21). 
To date, however, the role of FNDC1 in the development and 
progression of gastric cancer has not been evaluated.

In the present study, the expression pattern of FNDC1 
and correlations between its expression and the clinical 
characteristics of gastric cancer were investigated for the first 
time, to the best of our knowledge.

Patients and methods

Patients and tumor samples. Formalin‑fixed tumor tissues 
from 98 patients (74 males, 24 females; age range, 25‑83 years) 
including 25  paired adjacent normal tissues (5  cm from 
tumor edges) were used for immunohistochemical analysis. 
All patients who underwent surgical resection for primary 
gastric cancer in the Department of General Surgery in 
Nanfang Hospital (Guangzhou, China) from March  2010 
to December 2014 were enrolled in the present study. No 
patients had received radiotherapy or chemotherapy prior to 
surgical resection. Patients with any other types of cancer, or 
who missed follow‑up appointments were excluded from the 
present study. Each tumor was assigned a histological type 
and a depth grading of infiltration according to the World 
Health Organization classification (22). The differentiation 
grade and Tumor, Node and Metastasis staging of gastric 
carcinoma were performed according to the AJCC Cancer 
Staging Manual (23). Diagnosis was established by two inde-
pendent pathologists. The clinicopathological information 
of the 98 patients with gastric cancer is presented in Table I. 
All the tissue specimens for the present study were obtained 
from patients following provision of written informed consent. 
The tissue samples obtained from the tissue bank at Nanfang 
Hospital and this retrospective analysis were approved by the 
Ethics Committee of Nanfang Hospital.

Statistical analysis of FNDC1 expression in gastric 
cancer. To determine the expression pattern of FNDC1 
in gastric cancer, datasets from the Oncomine database 
(https://www.oncomine.org) were used. FNDC1 was queried in 
the database, and the results were filtered by selecting gastric 
cancer and cancer vs. normal analysis. The Cho, Derrico, and 
Wang datasets obtained from the Oncomine database were 
embedded in the NCBI GEO database (https://www.ncbi.nlm.
nih.gov/geo/) at accession numbers GSE13861, GSE13911 
and GSE19826, respectively  (24‑26). The Cancer Genome 
Atlas (TCGA) gastric database was analyzed by GEPIA 
(http://gepia.cancer‑pku.cn), a web‑based tool to deliver fast 
and customizable functionalities based on TCGA and GTEx 
data (27). The following settings were used for the analysis: 
‘Expression on Box Plots’; ‘Gene=FNDC1’; ‘|log2FC| Cutoff=1’; 
‘P‑value Cutoff=0.01’; ‘Datasets=STAD’; ‘Log Scale=Yes’; 

‘Jitter Size=0.4’; and ‘Match TCGA normal and GTEx data’. 
The prognostic value of the FNDC1 gene in gastric cancer was 
also analyzed using the Kaplan‑Meier Plotter (http://kmplot.
com/analysis/). The following settings were used for the 
analysis: ‘Overall survival’; ‘Post progression survival’; ‘auto 
select best cutoff’; ‘censore at threshold’ (patients surviving 
over the selected threshold are censored instead of excluded); 
‘tumor stage all’; ‘tumor stage T all’; ‘tumor stage N all’; ‘tumor 
stage M all’; ‘Lauren classification all’; and ‘differentiation all’. 
The FNDC1 gene probe set was 226930_at, and patients were 
split according to median expression or expression at best cutoff 
for the probe. The data were extracted from the Oncomine 
database, GEPIA website and Kaplan‑Meier Plotter between 
December 2017 and March 2018.

Immunohistochemistry analysis. Immunohistochemistry 
analysis was performed as previously described. Formalin‑fixed 
(fixed using 4% formalin at room temperature for 24 h) and 
paraffin‑embedded tissues were cut into 4‑µm‑thick sections, 
followed by incubation at 65˚C for 2 h. Tissues were deparaf-
finized in xylene and then rehydrated in graded alcohol and 
PBS. Following antigen retrieval by EDTA pre‑incubated with 
5% normal bovine serum (Wuhan Boster Biological Technology 
Ltd., Wuhan, China) at room temperature for 20 min, deparaf-
finized sections were incubated overnight at 4˚C with an optimal 
dilution (1:100) of a primary polyclonal rabbit antibody against 
human FNDC1 (abs127634a; Absin Bioscience, Inc., Shanghai, 
China). Following washing, the slides were incubated with 
horseradish peroxidase conjugated‑anti‑rabbit IgG secondary 
antibodies (1:200; cat. no. TA130023; OriGene Technologies, 
Inc., Beijing, China). Then, reaction products were treated with 
diaminobenzidine (DAB; Dako; Agilent Technologies, Inc., 
Santa Clara, CA, USA), counterstained with hematoxylin at 
room temperature for 5 min, dehydrated, and mounted. For nega-
tive controls, the primary antibodies were omitted, but otherwise 
the methodology was the same. The Olympus BX51 microscope 
(Olympus Corporation, Tokyo, Japan) was used to capture images 
of the samples (magnification, x200 and x400). The sections 
were reviewed and scored independently by two observers, based 
on both the proportion of positively stained tumor cells and the 
intensity of staining. The proportion of positive tumor cells was 
scored as follows: 0 (no positive tumor cells), 1 (<10% positive 
tumor cells), 2 (10‑50% positive tumor cells), and 3 (>50% posi-
tive tumor cells). The intensity of staining was graded according 
to the following criteria: 0 (no staining); 1 (weak staining=light 
yellow), 2 (moderate staining=yellow‑brown), and 3 (strong 
staining=brown). The staining index was calculated as staining 
intensity score x proportion of positive tumor cells. An optimal 
cut‑off value was identified based on previous studies: A score of 
≥4 was defined as high FNDC1 expression and a score of ≤3 was 
defined as low FNDC1 expression (28‑31).

Statistical analysis. SPSS 13.0 software (SPSS, Inc., Chicago, 
IL, USA) was used for statistical analyses. Data of FNDC1 
expression level obtained from the Oncomine database were 
analyzed using Student's t‑test. The correlation between FNDC1 
expression and clinicopathological parameters was measured 
by Pearson's χ2 test. Overall survival curves were estimated 
by the Kaplan‑Meier method and log‑rank test. Univariate and 
multivariate Cox regression survival analysis was performed 
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to determine the independent prognostic markers. P<0.05 was 
considered statistically significant.

Results

Analysis of FNDC1 gene expression. Data for FNDC1 gene 
expression were extracted from the Oncomine database 
and TCGA gastric database for gastric cancer, focusing on 
cancer vs. normal patient datasets. As presented in Fig. 1, 
FNDC1 mRNA expression in gastric cancer was demonstrated 
to be significantly upregulated in tumor tissues compared 
with normal tissues in the Cho, Derrico, and Wang data-
sets (Fig. 1A‑C, respectively) as well as in the TCGA database 
analyzed by GEPIA (Fig. 1D). 

High expression of FNDC1 in human gastric cancer tissues. 
The clinicopathological features of all 98 patients with gastric 

cancer are summarized in Table I. The expressed FNDC1 was 
detected in the nucleus and cytoplasm of the cancer cells, and 
FNDC1 was predominately localized in the nucleus (Fig. 2). 
FNDC1 was expressed in 12% (3/25) of paired adjacent normal 
tissues. Compared with these normal tissues, a relatively high 
FNDC1 expression level was observed in 72.4% (71/98) of 
gastric cancer tissues and 27.6% (27/98) of cases exhibited 
relatively low FNDC1 expression (Table I). 

Upregulation of FNDC1 is associated with advanced 
clinicopathological features of gastric cancer. To investigate 
the role of FNDC1 in gastric cancer, its expression was examined 
using immunohistochemistry in 98 paraffin‑embedded 
archived human gastric cancer tissues, including 7  cases 
at clinical stage I, 11 cases at clinical stage II, 62 cases at 
clinical stage III, and 18 cases at clinical stage IV (Table I). 
As presented in Table I, significant associations were observed 

Table I. Association between clinicopathological characteristics of gastric cancer and FNDC1 expression levels.

	 FNDC1 expression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristic	 Total	 Low	 High	 χ2	 P‑value

Age (years)					   
  <60	 53	 13	 40	 0.528	 0.467
  ≥60	 45	 14	 31		
Sex					   
  Male	 74	 23	 51	 1.886	 0.170
  Female	 24	 4	 20		
Tumor size (diameter in cm)					   
  <5	 51	 15	 36	 0.184	 0.668
  ≥5	 47	 12	 35		
Clinical stage					   
  I	 7	 7	 0	 26.48	 <0.001
  II	 11	 6	 5		
  III	 62	 11	 51		
  IV	 18	 3	 15		
T classification					   
  T1+T2	 11	 8	 3	 12.669	 <0.001
  T3+T4	 87	 19	 68		
N classification					   
  N0	 24	 15	 9	 19.745	 <0.001
  N1	 16	 2	 14		
  N2	 15	 2	 13		
  N3	 43	 8	 35		
Metastasis					   
  No	 80	 25	 55	 2.986	 0.084
  Yes	 18	 2	 16		
Pathologic differentiation					   
  Well	 5	 1	 4	 6.247	 0.044
  Moderate	 32	 14	 18		
  Poor	 61	 12	 49		

Data are presented as number of patients (n). FNDC1, fibronectin type III domain containing 1.
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between FNDC1 expression and clinical stage (P<0.001), 
T  classification (P<0.001), N classification (P<0.001), 
and pathological differentiation (P=0.044). However, the 
expression of FNDC1 was not associated with age (P=0.467), 
sex (P=0.17), tumor size (P=0.668), or metastasis (P=0.084). 
These results indicated a significant association between 
FNDC1 expression and the prognosis of gastric cancer.

High FNDC1 expression in gastric cancer tissues correlates 
with poor patient survival. Cox regression analysis was used 
to determine whether FNDC1 expression could serve as a risk 
factor. As presented in Table II, using univariate Cox regression 
analyses, it was demonstrated that high FNDC1 expression level 
was associated with a significantly increased risk of death in 
patients with gastric cancer (P=0.001) compared with that in 

Figure 1. FNDC1 is upregulated in gastric cancer. FNDC1 expression in gastric cancer and normal tissues from the following datasets from Oncomine: 
(A) Cho, (B) Derrico and (C) Wang. (D) FNDC1 expression in gastric cancer and normal tissues from The Cancer Genome Atlas database analyzed by GEPIA. 
*P<0.01. FNDC1, fibronectin type III domain containing 1.

Figure 2. Immunohistochemical staining of FNDC1 expression in gastric cancer and adjacent normal tissue. (A and D) Adjacent normal tissues show negative 
FNDC1 protein expression; (B and E) Gastric cancer tissues exhibit different levels of low FNDC1 expression and (C and F) high FNDC1 expression level. 
Original magnification, x200 in A‑C; x400 in D‑F. FNDC1, fibronectin type III domain containing 1.
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patients with low FNDC1 expression level. Using multivariate 
Cox regression analysis, it was also determined that FNDC1 could 
be an important factor for predicting poor survival when FNDC1 
expression (P=0.032) and clinical stage were included (P=0.031; 
Table  II). Patients with high FNDC1 expression levels had 
shorter overall survival (OS) times compared with patients with 
low FNDC1 expression levels (Fig. 3). To further understand the 
association between survival and FNDC1 expression in gastric 
cancer, the correlation between FNDC1 expression level and the 
survival of patients with gastric cancer was evaluated using the 
Kaplan‑Meier Plotter (Fig. 4) and it was demonstrated that low 
FNDC1 expression level is a favorable prognostic factor for OS 

and post‑progression survival (PPS; P<0.001, n=631; P<0.001, 
n=384, respectively) in patients with gastric cancer. Collectively, 
these results indicated that overexpression of FNDC1 in patients 
with primary gastric cancer is correlated with poor survival.

Discussion

Gastric cancer is a common malignant neoplasm that poses a 
serious threat to human life and health. Hence, it is considerably 
important to investigate the pathogenesis of gastric cancer and 
identify highly sensitive and specific molecular biomarkers for 
gastric cancer. Fibronectin is an important ECM protein that 

Table II. Univariate and multivariate analyses of various prognosis parameters in 98 patients with gastric cancer using Cox 
regression model.

	 Univariate analysis	 Multivariate analysis
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Variable	 Cases (n)	 P‑value	 HR (95% CI)	 P‑value	 HR (95% CI)

Age (years)
  <60	 53	 0.413	 1.246 (0.736‑2.110)		
  ≥60	 45				  
Sex					   
  Male	 74	 0.118	 1.593 (0.889‑2.854)		
  Female	 24				  
Tumor size (diameter in cm)					   
  <5	 51	 0.028	 1.811 (1.065‑3.078)	 0.056	 1.684 (0.986‑2.877)
  ≥5	 47				  
Clinical stage					   
  I	 7	 <0.001	 2.343 (1.524‑3.603)	 0.031	 2.907 (1.105‑7.653)
  II	 11				  
  III	 62				  
  IV	 18				  
T classification					   
  T1+T2	 11	 0.122	 2.507 (0.783‑8.024)		
  T3+T4	 87				  
N classification					   
  N0	 24	 0.026	 1.299 (1.031‑1.635)	 0.861	 0.977 (0.752‑1.269)
  N1	 16				  
  N2	 15				  
  N3	 43				  
Metastasis					   
  No	 80	 0.016	 2.124 (1.150‑3.924)	 0.370	 0.592 (0.188‑1.862)
  Yes	 18				  
Pathologic differentiation					   
  Well	 5	 0.041	 1.732 (1.022‑2.936)	 0.262	 1.355 (0.797‑2.306)
  Moderate	 32				  
  Poor	 61				  
FNDC1 expression		  0.001	 3.543 (1.667‑7.533)	 0.032	 2.326 (1.073‑5.038)
  Low	 27				  
  High	 71				  

HR, hazard ratio; CI, confidence interval; FNDC1, fibronectin type III domain containing 1.
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has been reported to promote invasiveness of gastric cancer 
cells, and the serum fibronectin levels of patients with gastric 
cancer were significantly higher than those in the healthy 
controls (32,33). FNDC1 contains a major component of the 
structural domain of fibronectin (10‑13). The present study 
indicated that FNDC1 expression is higher in gastric cancer 
tissues than in adjacent normal tissues. FNDC1 may serve a 
role in tumor invasion in gastric cancer, as there were signifi-
cant associations between FNDC1 expression and the depth of 
tumor invasion, lymph node metastasis, clinical stage and poor 
differentiation. Consistent with the present results, Oncomine 
and TCGA database analyses demonstrated that FNDC1 was 
overexpressed in gastric cancer tissues. Furthermore, it was 
observed that high FNDC1 protein expression was an indepen-
dent prognostic factor for gastric cancer and was significantly 
correlated with poor survival. Bioinformatic databases were 
also used to confirm the association between FNDC1 expres-
sion and prognosis in gastric cancer patients. Results obtained 
using the Kaplan‑Meier Plotter verified the finding that high 
FNDC1 expression was associated with poor OS and PPS in 
patients with gastric cancer. 

Only limited data have been reported regarding the function 
of FNDC1. Chronic inflammation is a well‑documented risk 
factor in cancer development (34‑36). FNDC1 was initially 
identified as a desmoplastic response‑related gene and seemed 
to have a role in inflammation (14). FNDC1 expression was 
correlated with skin tumor progression and could be induced 
by treatment with transforming growth factor‑β, interleukin‑1, 
and tumor necrosis factor‑α in  vitro  (14). Notably, 12% of 
normal adjacent tissues in the present study exhibited positive 
FNDC1 staining. These tissues were demonstrated to exhibit 
atrophic gastritis and low‑grade dysplasia. This suggested that 
the positive staining of these tissues may be associated with 
the malignant progression of gastric tissue. A previous study 
on acute otitis media in children identified that associated 
variants were significantly correlated with the expression 
levels and methylation status of FNDC1, and mouse homolog 
Fndc1 was upregulated under proinflammatory conditions, 
such as in lipopolysaccharide treatment (17). FNDC1 has been 
demonstrated to have an important role in the regulation of 
proliferation, apoptosis, and migration in prostate cancer (16). 
Previous studies have also reported that FNDC1 was expressed 

Figure 4. Prognostic value of FNDC1 expression in patients with gastric cancer. FNDC1 probe number is 226930_at. Results were analyzed using the 
Kaplan‑Meier Plotter database. High expression of FNDC1 was associated with lower (A) OS and (B) PPS. FNDC1, fibronectin type III domain containing 1; 
HR, hazard ratio; OS, overall survival; PPS, post‑progression survival.

Figure 3. Survival curves of gastric cancer by the Kaplan‑Meier method and the log‑rank test. (A) Overall survival curves of high FNDC1 expression and low 
FNDC1 expression. (B) Overall survival curves by clinical stage I, clinical stage II, clinical stage III, and clinical stage IV. FNDC1, fibronectin type III domain 
containing 1; cum, cumulative.
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in kidney and heart tissue and served a role in hypoxia‑induced 
apoptosis of cardiomyocytes by interacting with Gβγ38 (18). 
FNDC1‑Gβγ signal input also affects the function of CX43 and 
cell permeability, thus increasing the sensitivity of cells to hypoxic 
stress (19). Angiogenesis serves a critical role in malignant 
tumor growth and metastasis and is regulated by proangiogenic 
and antiangiogenic factors  (37). VEGF is associated with 
physiological and pathological angiogenesis, which enhances the 
permeability of blood vessels, reduces endothelial cell apoptosis, 
activates stromal proteolysis, and promotes the proliferation and 
migration of endothelial cells (38,39). Recently, Hayashi et al 
(21) demonstrated that knockdown of FNDC1 in endothelial 
cells inhibited VEGF‑mediated cellular events, including cell 
growth, migration and proliferation. These results may be 
analogous to the results of the present study of gastric cancer. 
FNDC1 seems to have an important role in cellular proliferation 
and angiogenesis, which are necessary for tumor growth and 
metastasis. 

To the best of our knowledge, this is the first study to 
investigate the association between FNDC1 expression 
levels and the clinicopathological features of patients with 
gastric cancer. Expression of FNDC1 was associated with 
unfavorable clinical characteristics and poor prognosis of 
patients with gastric cancer, suggesting that FNDC1 may 
have a positive regulatory role in gastric cancer by acting 
as a tumor‑promotor gene. However, the present study is a 
retrospective observational study, and the results may not be 
representative of other gastric cancer populations. Further 
studies are required to determine the potential function of 
FNDC1 expression in tumor invasion and metastasis to verify 
the molecular basis of FNDC1 expression in gastric cancer. 
In addition, research on the changes in fibronectin levels 
following treatment of patients with gastric cancer should be 
performed in future studies.

In conclusion, the present results demonstrated that high 
FNDC1 expression level in human gastric cancer is signifi-
cantly correlated with the progression as well as poor prognosis 
of the tumor. The present findings support the possibility that 
FNDC1 expression levels may be an important prognostic 
indicator and potential therapeutic target in gastric cancer.
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