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Abstract. Fibronectin 1 (FNI) is involved in the occurrence
and development of various tumors and is upregulated in
multiple cancer types. FNI has been demonstrated to promote
cell proliferation and migration in gastric cancer cell lines.
However, the relationship between the expression of FN/ and
clinicopathological factors and prognosis is not clear in gastric
cancer (GC). The aim of the present study was to investigate the
association between FNI expression and clinicopathology and
prognosis of gastric cancer. In this study, 17 publicly available
GC cohorts (n=2,376) with gene expression data from the Gene
Expression Omnibus (GEO), The Cancer Genome Atlas (TCGA)
and Oncomine databases were tested. In addition, FNI protein
expression was validated by immunohistochemistry in a sepa-
rate cohort (n=190). The meta-analysis results demonstrated an
increase in FNI expression at the protein and mRNA level in GC
tissues, and the FNI gene was highly expressed at the mRNA
level in the advanced T stage (T2 + T3 + T4) group compared with
that in the early T stage (T1) group. In addition, the expression of
epithelial FNI at the protein level was positively correlated with
tumor size. FNI expression at the protein and mRNA level was
a predictor of poor prognosis following radical resection of GC.
In conclusion, the expression of FNI in GC tissues is upregu-
lated compared with adjacent normal tissues, and it is a potential
biomarker of poor prognosis in patients with GC.

Introduction
Gastric cancer is the fifth most commonly diagnosed cancer

(5.7% of total cases) and the third leading cause of cancer
mortality (8.2% of total cancer mortality) worldwide (1).
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Gastric cancer is also the third leading cause of cancer-related
mortality in China (2). Although surgery combined with
radiotherapy, chemotherapy and targeted therapy prolongs
survival, the 5-year overall survival rate of patients with
advanced gastric cancer remains poor. The 5-year overall
survival rates of patients with pathological T stage 2, 3 and 4
disease were 68.3,33.0 and 24.0% respectively (3,4). Therefore,
new biomarkers of gastric cancer to determine prognosis are
necessary.

Fibronectin 1 (FNI) mediates the interaction between cells
and the extracellular matrix and serves an important role in
cell adhesion, migration, growth and differentiation (5). FNI
is a ligand for numerous members of the integrin receptor
family (6). FNI is involved in the occurrence and development
of various tumors. FNI activates the PI3K/Akt pathway by
binding to its integrin receptor a5p1 in breast cancer (7). In
addition, FNI has been demonstrated to promote cell prolif-
eration and migration in esophageal squamous cell carcinoma,
oral squamous cell carcinoma (OSCC), nasopharyngeal carci-
noma, colorectal, ovarian, renal and thyroid cancer (8-14).
However, little is known about the expression of FN/ in gastric
cancer. FN/ is upregulated in GC tissues compared with normal
gastric tissues (15). FNI knockdown inhibits cell migration
and invasion in vitro, and FOXF1 adjacent non-coding devel-
opmental regulatory RNA and microRNA-200c promote the
proliferation, migration and invasion of GC cells by negatively
targeting FNI (15-17). Overall, FNI is a potential biomarker
candidate for GC prognosis, but the relationship between FN/
expression and clinical factors and prognosis has not been
reported, and thus it is necessary to verify and clarify the role
of FNI in GC.

The aim of the present study was to investigate FNI gene
expression in GC and its association with clinicopathological
factors and prognosis by examining 17 publicly available GC
cohorts. Furthermore, FNI protein expression was validated
by immunohistochemistry in a separate cohort. The results
demonstrated that FNI may serve as a new prognostic marker
for GC.

Materials and methods

Data collection. Microarray data were downloaded from the
following datasets in the Gene Expression Omnibus (GEO;
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http://www.ncbi.nlm.nih.gov/geo/), The Cancer Genome
Atlas (https:/xenabrowser.net/datapages/?cohort=TCGA) and
Oncomine (https://www.oncomine.org/resource/login.html):
GSE13861, GSE13911, GSE14208, GSE15456, GSE15459,
GSE19826, GSE26253, GSE26899, GSE26901, GSE29272,
GSE34942, GSE35809, GSE54129, GSE66229, GSE79973,
Chen Gastric and TCGA STAD. Several of these datasets have
been previously published (18-32). The 17 datasets comprised
2,376 cancer tissues and 294 adjacent normal tissues. Datasets
with no clinical data (GSE13861, GSE13911, GSE19826,
GSES54129, GSE79973 and Chen Gastric), GSE29272 and
TCGA STAD were used to analyze the differences between
tumor and adjacent tissues. The remaining datasets were
used to analyze the relationship between FNI expression
and clinicopathological factors. Clinical information for the
cohorts with respective clinical data included in this study is
presented in Table I.

Validation dataset. Immunohistochemistry (IHC) was used for
validation. Gastric cancer tissues and adjacent normal gastric
tissues were obtained during surgery from 190 randomly
selected patients between June 2011 and June 2012 at the First
Affiliated Hospital of Zhengzhou University (Zhengzhou,
China). The study was approved by the ethics committee of
the First Affiliated Hospital of Zhengzhou University. Written
informed consent was obtained from all patients. The tissues
were fixed with formalin and embedded in paraffin for subse-
quent experiments. All patients were followed up for =5 years,
and 102 succumbed to any cause during the follow-up period.

IHC. Formalin-fixed paraffin-embedded tissue samples from
the THC cohort were sliced into 4-ym sections. A mouse mono-
clonal antibody against FNI (cat. no. 66042-1-Ig; ProteinTech
Group, Inc.) was used at a 1:600 dilution at pH 9.0. The immu-
nohistochemical staining of the specimens was performed as
previously described (16). The results of FNI expression were
separately scored in epithelial cancer cells and intertumoral
stroma. The scoring method described by Sung ef al (33) was
used. For epithelial FNI (E-FNI) expression, staining intensity
and the proportion of stained tumor cells were considered.
Staining intensity was classified as follows: 1, weak; 2, moderate;
and 3, strong. Positive cells were quantified as a percentage
of the total number of tumor cells and assigned to one of the
following categories: 0, <5%; 1, 5-24%; 2, 25-49%; 3, 50-74%;
and 4, =75%. The percentage of positive tumor cells and staining
intensity were multiplied to generate an immunoreactivity
score (IS) for each case. IS values ranged from O to 12; IS=3
was considered positive, whereas IS<3 was considered nega-
tive. Stromal FNI (S-FNI) expression was graded into three
categories: No or weak staining, no staining or a low number
of FNI-positive strands; moderate staining, fine FNI-positive
strands; and strong staining, coarse FNI-positive strands (34).

Statistical analysis. When >1 FNI probe was present in a
group, the probe with the highest variance was selected for
statistical analysis (35). All FNI gene expression data normal-
ization and probe summarization were performed by Robust
Multichip Analysis and transformed by log2. SPSS 22.0 (IBM
Corp.) and RevMan 5.3 (Cochrane Community) were used to
perform all statistical analyses.

Independent sample t-tests were used in SPSS for
continuous data analysis and Pearson's y* tests were used
for categorical data analysis. The gene expression value was
equal to three, =1/3 were defined as high expression and
the <1/3 as low expression. Overall survival (OS) rate was
analyzed using Kaplan-Meier plots and the log-rank test or
Gehan-Breslow-Wilcoxon test. When the two survival func-
tions were parallel, the log-rank test was used, whereas the
Gehan-Breslow-Wilcoxon test was used if the data crossed
over. A Cox regression model was used to assess the hazard
ratio (HR) and perform multivariate analysis. All tests were
two-sided, and P<0.05 was considered to indicate a statistically
significant difference.

Meta-analyses were performed using RevMan 5.3. First, the
heterogeneity between the results of each study was analyzed
by the y? test. The threshold was set to a=0.100, and the extent
of heterogeneity was assessed by combining I?. If P>0.10 and
1°<50%, the homogeneity between the results was considered
high, and the fixed effect model was used; if P<0.10 or I>>50%,
the random effects model was used.

Results

Patient cohorts. Data from 17 independent GC cohorts were
downloaded from the Gene Expression Omnibus (GEO), The
Cancer Genome Atlas (TCGA) and Oncomine, including
2,670 samples, which comprised 2,376 cancer tissues and
294 adjacent normal tissues. Eight of the 17 cohorts included
tumor and normal samples. The THC cohort comprised 190
GC samples and 20 adjacent tissue samples. The clinicopatho-
logical characteristics of the patients are presented in Table I.

FNI expression in gastric cancer. A total of eight indepen-
dent cohorts that included expression data from cancer and
normal samples were analyzed; the results revealed upregu-
lated FNI mRNA levels in tumor tissues compared with
normal tissues (Fig. 1A). Meta-analysis of all the cohorts
revealed a significant combined mean difference of 1.99
(P<0.001; Fig. 2A). These results indicated that FNI expres-
sion was significantly higher in GC tissues compared with
that in adjacent normal tissues.

Association between FNI expression and clinicopathological
factors. Compared with that in the early T stage (T1) group,
the expression of FNI was significantly increased in the
advanced T stage (T2+T3+T4) group (P=0.002; Fig. 1B) in one
cohort, which was further confirmed by meta-analysis in all
examined cohorts (P<0.001; Fig. 2B). The expression of FNI
was not associated with differentiation in any cohort (Figs. 1C
and 2C). Only two cohorts exhibited increased FNI expression
in patients with high clinical Tumor-Node-Metastasis (TNM)
stage (36) (III + IV) compared with that in patients with low
clinical TNM stage (I + II) (Fig. 1D). No significant differ-
ences between patients with high and low TNM stage were
observed in the meta-analysis of all cohorts (Fig. 2D).

High FNI expression level indicates poor clinical outcomes.
Kaplan-Meier survival analysis was performed using clinical
data. OS analysis demonstrated that high FNI expression was
associated with unfavorable prognosis compared with low FN/



95

ONCOLOGY LETTERS 19: 93-102, 2020

*SISBISBIQJA-OpON-Town ], ‘IANLL -d[qe[IeAe j0U ejep -

ey Ls 0o - 00 98 - - - 0o - - 0o vlep ON
©O19v1z  UY) 1v1 - (81967 (60L)S6 - - - (509 L6 - - (s'61) 66 PaLINd00 10N
(L¥E) v71 (€9) 651 - (Tsy) Lo (1'€D) 1€ - - - ($'6v) S6 - - (SOI9R paLINdOQ
(ypreap)
jurodpua dn-mo[[oq
(T 6 - (9°82) 0T - 0o - - - (Svo) Ly 00 (6'9¢) ¥¢ (S)0I  PpalenuaIyIpUN
(€'69) 9T - (I'Lg) 9T - (#'¢9) 68 - - - (8't1) 98 (09) S1 (T6)9 (89) 9L YSTH
(L'se) 8¥1 - 1o e - (8°5¢) 8% - - - GLoes  (€eper  TeDst (€£) 99 QJeIpauIAu]
(60Tl - 60T - Lot - - - (1Ie)9 (L9)e (8'0¢) 0T (¥0) 8% MO
9peis Jowny,
(09) st 0o FD1 (XN 0o o 00 o 0o 00 00 o umouyun
66)1¥ (LSO LL oD L (Teo €l L9)e @IDst  Te699¢ (SsDLY (€109  (L9DS 9% 91 (€9 ol Al
Lomeor «ie)se (Iripec  (Geo 61 ®SRSIT (6L0)9c (€60 Lz (109 0sT  (SLE)TL 0s)s1  (8¢9)se  (6Lp) 16 111
@60 et (€t Le  (6TD9T (96D 11 res aoor @68 (L8991 (I'sDe6c  (€€D ¥ Tree 9'1¢) 09 I
(renpLs (gonie  8pDer (96011 Lres (60)8c (0T 11 (LS89 (19D Ig 009 (¢gnDer (€51 6¢ I
a3e1s JANLL
(To6 0o - - - - - - (ron 1¢ - Lo s (X umousu)
(L'L2) ST1 Wie - - - - - - So1 - (S (9°29) 611 14
9¢p) 181 (€09 16 - - - - - - (L's9) Lo1 - (€29 v (9T e ¢
(T12) 88 (29) 981 - - - - - - ¢ sv - Fse)ec  (891)TE (4
(g9 e Loc - - - - - - (Th) 8 - Tre)e 6L st I
age1s I,
(xew ‘urwr) sreak
06°0€) L9 98V +9 (S8°TE) L9 (48 €¥) 69 (€L°€0) 65 (#L°80) 85 (£8°9€) 65 (4L €D €S (T6°€0) 99 (£8°€S) €L (£8°7€) €9 (S8°ST) 66 ‘a3e ueIpaN
Wso)Lyr ey 1ot Freoce  wsoor (eaie L9 or (Lo el (@se TSt 6ve) L9 (e el (T6D 61 (T 9y orewd]
(9%9) 897 (€99 661 (989)87  (€+9)9¢  (69L)€0I (£€9)69  (¢6L) €L (Y9 08T (I's9) St (L9S) LT (80L)9F  (8'SL) I SN
(oonsiy  (oonoos (oD oL (o1 9s (oD +ver (001601 (00D T6 (oo zer (00D ol (00D 0g (001D S9  (001) 061 [e10L,
xom
(%) u (%) u (%)u (%) u (%) u (%) u (%) u (%) u (%) u (%) u (%) u (%) u onsLIRORIEYD
‘VDDL ‘67799dSD ‘608SEHSD ‘THOYEHSD ‘TLTO6TASD ‘1069TASD ‘6689THASD ‘€STOCHSD ‘6SPSIHASD ‘9SHSIASD ‘198€1HdSD ‘Hoyod DHI

*$J9seIep WWRIYIP ul syuaned Jo sonsLIslorIRYD [RoISo[oyredoorur]) ‘T 9[qeL,



96 SUN et al: FNI EXPRESSION IN GASTRIC CANCER

E .‘ P<0.05]

S 4+ "+ P<0.01

§ - L 95%C

8 .

= ¥ -

k=

?

e - -

-3

& 24

-

=

w

k-]

g 11

5

3 -

= I

fo- . : o~ é - -

) 2 b T a ~ a Y 2
- o0 (2] 0 o~ - -1 =

- w = (] =3 @ a -
o - - - o~ m w
(U] w w w w w
= n 7] 7] 7] 7] 7] 5
§ o 0o o o o o g
£ =
L&)

gc

zﬁ

5 * P00

£107 R Sy

[&]

=

f 0.54 ns ns s

3 - -

g I I

= 0.0

s |1

2 .05

&

x

@

z 104

w

B 454

(1]

e A B

= — -

2 g i EELiElZ

o 2 2 2 8 & & 3 8 8 o

S w w w w w w w w w

= w w [ [ 72} [ [ [ 0 g
3 4] (] (L] Q (L] (] (&) o 5]

-

B
g P
3 - reo0i
= I 95%C|
§ 11 ns
= ns
g ns
< ns
= 04
) I
5
£ -
&
o
=
w 94
s 2
%
1~
o
E'a T L] J LJ 1
2 - o o~ -] (=]
red w wn ~ o~ <
% @ 3 ] o -
- W w w w <
2] w w w o
4] 4] (L] (L] O
-
D
5
&
= 1.0+ ns * Ppen.os
] T “* ped.0i]
£ ns I 95%C|
T 054 NS
5 ns
I 'I' ns ns ns
= T
§ 0.0 l I
c
-]
g 0.5
=
=
@
-~ 1
E -1.0<
]
@
g’ -1.5 T T T T T T T
o - w [=:] o~ (=3 o
£ w w w b~ (=3 o~ g
° 3 S 3 & 2 @ =
= — - — ~ & © w
° w w w w w w
o 7} N 7] 7] [77] 7] g
) o 0 ) o o o
g 2

Figure 1. Log2 fold change in FNI gene expression in GC tissues. (A) FNI expression in tumor tissues compared with that in normal tissues. (B) FN!
expression in the advanced T stage (T2 + T3 + T4) group compared with that in the early T stage (T1) group. (C) FNI expression in the low differentiation
group (high tumor grade) compared with that in the high differentiation group (intermediate and low tumor grade). (D) FNI expression in the high clinical
TNM stage (III+IV) group compared with that in the low clinical TNM stage (I+II) group. Error bars represent 95% confidence interval. "P<0.05 and
“P<0.01 vs. normal tissue. FNI, fibronectin 1; TNM, Tumor-Node-Metastasis; ns, non-significant.

expression in four of the six cohorts containing prognostic
information (Fig. 3). A meta-analysis of all cohorts validated
this result, as it exhibited a significant combined FNI hazard
ratio (HR) of 1.67 (P<0.001; Fig. 2E). This indicated that the
expression of FNI is a potential indicator of clinical outcome
in patients with GC.

FNI immunohistochemistry. FNI is expressed in cancer cells
and the intratumoral matrix in GC (Fig. 4). In the IHC cohort,
normal epithelial cells exhibited no FNI expression. E-FNI
expression was positive in 85 of the 190 cases (44.7%). S-FN
expression was graded as no/weak in 11 (5.8%), moderate
in 71 (37.4%) and strong in 108 (56.8%) cases (Table II). No
association was identified between E-FNI and S-FNI expres-
sion (P=0.112; Table III). E-FNI expression in GC exhibited
a significant association with tumor size (P=0.037), whereas
S-FNI expression was associated with sex (P=0.027) (Table IT).

E-FNI-positive patients with GC in the THC cohort
exhibited worse OS compared with E-FNI-negative patients
(P=0.009; Fig. 5A). S-FNI expression exhibited no significant
effect on OS (P=0.075, Fig. 5B). In addition, in patients with

high clinical TNM stage (III + IV), E-FNI positivity was
strongly associated with OS; however, in patients with low
clinical TNM stage (I + II), no difference was observed in
overall survival between patients with low and high E-FNI
expression (Fig. 5C and D). E-FNI was also confirmed as an
independent predictor of overall survival in GC by multivariate
analysis (HR, 2.115; 95% CI, 1.343-3.333; P=0.001; Table IV).

Discussion

In this study, FNI gene expression was analyzed in 17 inde-
pendent GC cohorts. The results demonstrated an increase in
FNI expression in GC compared with normal tissues and a
possible increase in the advanced T stage (T2+T3+T4) group
compared with that in the early T stage (T1) group in one
cohort; however, no association between FNI expression levels
and differentiation or clinical TNM stage was identified. In
addition, upregulation of the FNI gene may be a predictor
of poor prognosis following radical gastrectomy for GC. In
summary, the results of the present study support FNI as a
biomarker of poor prognosis in GC.
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Figure 2. Forest plot and meta-analysis of FNI expression in gastric cancer. (A) Forest plot of the log2 fold change in FN/ expression in tumor tissues compared
with that in normal tissues. (B) Forest plot of the log2 fold change in FNI expression in the advanced T stage group (T2 + T3 + T4) compared with that in
the early T stage group (T1). (C) Forest plot of the log2 fold change in FNI expression in the low differentiation group (high tumor grade) compared with
that in the high differentiation group (intermediate and low tumor grade). (D) Forest plot of the log2 fold change in FN! expression in the high clinical TNM
stage (III4+1V) group compared with that in the low clinical TNM stage (I+II) group. (E) Forest plot of the comparison of overall survival in patients with
gastric cancer with high and low FNI expression (The gene expression value was equal to three, the first two-thirds were defined as high expression and the

last one-third as low expression). FNI, fibronectin 1; TNM, Tumor-Node-Metastasis; CI, confidence interval.
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Figure 3. Kaplan-Meier survival curves of the high- and low-FNI expression groups in six cohorts. Survival curves for the following datasets: (A) GSE14208;
(B) GSE15459; (C) GSE29272; (D) GSE34942; (E) GSE66229 and (F) TCGA. FNI, fibronectin 1; TCGA, The Cancer Genome Atlas.

Figure 4. Immunohistochemical analysis of FNI in GC. (A) Normal gastric
mucosa exhibited negative staining for FNI. (B-D) E-FNI expression in GS
tissues. (B) Expression score, 0; (C) expression score, 6; and (D) expression score,
12. (E-H) S-FNI expression in in GS tissues. (E) No expression; (F) low expres-
sion; (G) medium expression; and (H) high expression. Magnification, x200. GC,
gastric cancer; FN/, fibronectin 1; S-FNI, stromal FNI; E-FNI, epithelial FNI.

FNI, which is an extracellular matrix glycoprotein, is
involved in cell proliferation, embryogenesis, wound healing,
host defense, epithelial-mesenchymal transition (EMT) and
metastasis, as well as oncogenic transformation (5). FNI
is involved in the occurrence and development of various
tumors and is upregulated in multiple cancer types, such
as esophageal squamous cell carcinoma, colorectal cancer,
OSCC, and thyroid cancer (8-10,14). For instance, FNI is
upregulated in OSCC with lymph node metastasis (LNM);
FNI increases the expression of vascular endothelial growth
factor C, lymphangiogenesis and LNM through FAK acti-
vation and promotes EMT in SAS human OSCC cells (37).
FNI is a key mediator of glioma progression, as its inhibition
delays tumor progression and immunosuppression through
a mechanism that involves the maintenance of integrin (1
FN receptors (38). In GC, FNI is highly expressed in tumor
tissues compared with that in non-tumor tissues, and knock-
down of FNI represses GC cell proliferation, adhesion and
metastasis in vitro (15). The present study aimed to analyze
the relationship between FNI expression in GC and clinico-
pathological factors and prognoses.

The results of the present study demonstrated that the FN/
gene was upregulated in gastric cancer tissues compared with
that in normal tissues in eight cohorts, and these data were
confirmed by meta-analysis of combinations of all datasets.
This result was consistent with the results of Xu et al (15) and
Zhang et al (16), who used immunohistochemical methods
to analyze tumor and normal tissue specimens from 40 and
52 patients with gastric cancer, respectively. In summary,
previous studies have reported that the expression of the FNI
gene was increased in GC tissues compared with that in normal
gastric tissues, but the studies were all small-scale. The present
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Table II. Patient characteristics based on the immunohistochemistry results of FNI expression in gastric cancer.

Expression of

E-FNI (%) Expression of S-FNI (%)
No. of patients  Negative Positive No/weak  Moderate Strong
Characteristic (n=190) (n=85) (n=105)  P-value (n=11) n=71) (n=108)  P-value
Sex 0.380 0.027*
Female 46 18 (39.14) 28 (60.9) 0(0.0) 13(283) 33(71.7)
Male 144 67 (46.5) 77 (53.5) 11 (7.6) 58 (40.3)  75(52.1)
Age (years) 0.508 0.361
<60 100 47 (47.0) 53 (53.0) 4(4.0) 41 (410) 55(55.0)
=60 90 38 (42.2) 52 (57.8) 7(7.8) 30(333) 53(58.9)
Tumor diameter (cm) 0.037* 0.639
<5 114 58 (50.9) 56 (49.1) 8(7.0) 41 (360) 65(57.0)
=5 76 27 (355) 49 (64.5) 339 30(39.5) 43(56.6)
T stage 0.742 0.962
T1+T2 47 22 (46.8) 25 (53.2) 3(64) 18 (38.3) 26(55.3)
T3 + T4 143 63 (44.1) 80 (55.9) 8(5.6) 53 (37.1) 82(57.3)
N stage 0.080 0.616
NO + N1 112 56 (50.0) 56 (50.0) 8 (7.1) 42 (37.5) 62(554)
N2 + N3 78 29 (37.2) 49 (62.8) 3(3.8) 29 (372) 46(59.0)
TNM stage 0.352 0.510
[+1I 89 43 (48.3) 46 (51.7) 7(7.9) 32 (36.0) 50(56.2)
m+1v 101 42 (41.6) 59 (58.4) 4(4.0) 39 (38.6) 58(574)
*P<0.05, FN1, fibronectin 1; S-FN1, stromal FNI1; E-FN1, epithelial FN1; TNM, Tumor-Node-Metastasis.
Table III. Association between epithelial and stromal expression of FN/ in gastric cancer.
Expression of E-FNI
Expression of S-FNI Negative (%) Positive (%) Total (%) P-value
No/Weak 7 (63.6) 4(364) 11 (5.8)
Moderate 34 (47.9) 37(52.1) 71 (374)
Strong 44 (40.7) 64 (59.3) 108 (56.8)
Total (%) 85 (100.0) 105 (100.0) 190 (100.0) 0.112

FNI, fibronectin 1; S-FNI, stromal FNI; E-FNI, epithelial FNI.

study used multiple cohorts to provide substantial validation of
increased FNI expression in GC.

To the best of our knowledge, the association between
FNI expression and clinicopathological features or patient
prognosis, have not been reported previously. In the present
study, compared with that in the early T stage group, the
expression of FNI was significantly increased in the
advanced T stage group, which was further confirmed by
meta-analysis in all the examined groups. OS analysis
revealed that high FNI expression was associated with
unfavorable prognosis in four of the six cohorts containing
prognostic information. A meta-analysis of all cohorts
further validated this finding. These results indicated that

the expression of FNI may be a potential indicator of
clinical outcomes in patients with GC.

FNI is expressed in cancer cells and the intratumoral
matrix in GC. Hanamura et al (39) reported that the expres-
sion of S-FNI mRNA was positively correlated with deep
invasion and LNM of colon cancer. Bae et al (34) reported that
E-FNI-positive patients exhibited lower OS and disease-free
survival compared with FNI-negative breast cancer patients.
E-FNI was an independent predictor for survival in breast
cancer in multivariate analysis, but the expression of S-FNI
had no significant effect on patient survival (34). In the present
study, E-FNI-positive patients with GC exhibited worse OS
compared with E-FNI-negative patients, whereas S-FNI
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Figure 5. The prognostic significance of FN/ in patients with gastric cancer based on immunohistochemistry. (A) Kaplan-Meier analysis of OS based on E-FN/
expression in 190 patients. (B) Kaplan-Meier analysis of OS based on S-FNI expression in 190 patients. (C and D) Kaplan-Meier analysis of OS based on
S-FNI expression in patients with (C) TNM stage I+1I (D) and III+IV gastric cancer. FNI, fibronectin 1; S-FNI, stromal FNI; E-FNI, epithelial FNI; TNM,

Tumor-Node-Metastasis; OS, overall survival.

Table IV. Multivariate analysis of overall survival in
190 patients with gastric cancer.

95.0% CI
for HR

Characteristic HR Lower Upper P-value

E-FNI expression 0.001°
Negative vs. positive  2.115 1343  3.333

Tumor size 0.083
<5cmvs.=5cm 1442 0954 2.181

Tumor grade 0.024*
Low + intermediate 1286 1.034 1.601
vs. high

Depth of invasion 0.028*
T1+T2 vs. T3+T4 2352 1097 5.043

TNM stage 0.005°
I+ vs. 1T +1V 2.124 1258  3.585

P<0.05, °P<0.01, HR, hazard ratio; E-FNI, epithelial fibronectin 1;
TNM, Tumor-Node-Metastasis.

expression had no significant effect on OS. In addition, in
patients with high clinical TNM stage (III + IV), E-FNI posi-
tivity was strongly associated with OS. FNI was also confirmed

as an independent predictor of overall survival in patients with
GC by multivariate analysis.

Xu et al (15) and Zhang et al (16) demonstrated no FNI
expression in the stroma of gastric cancer. In the IHC cohort
of the present study, FNI was expressed in tumor cells and
stromal cells, but not in normal epithelial cells. No association
was observed between E-FNI and S-FNI. E-FNI expres-
sion in GC was significantly associated with tumor size.
Soikkeli et al (40) reported that FNI is required for tumor and
stromal cell growth. It may be speculated in large tumors, the
central region is likely to be necrotic, and the expression of
FNI may promote the migration of tumor cells and reduce
necrosis.

In the present study, increased expression of the FNI
gene at the protein and mRNA level in GC tissues was
observed; FNI was highly expressed at the mRNA level in
the advanced T stage group compared with that in the early
T stage group, and the expression of FNI at the protein level
was positively associated with tumor size. In addition, FNI
expression at the protein and mRNA level was a predictor
of poor prognosis following radical resection of GC. In
conclusion, the expression of FNI in GC tissues may be
upregulated, and FNI may be a biomarker of poor prognosis
in patients with GC.
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