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Zhongshan Jinqiao Co., Beijing, China), mouse 
anti-human CD34 monoclonal antibody (1:100, 
Zhongshan Jinqiao Co., Beijing, China), and 
mouse anti-human α-SMA monoclonal anti-
body (1:100, Zhongshan Jinqiao Co., Beijing, 
China) at 4°C overnight. After incubating with 
the labeled secondary mouse anti-rabbit anti-
body (Zhongshan Jinqiao Co., Beijing, China) at 
room temperature for 30 min, the sections 
were colored through reacting with 3, 3-diami-
nobenzidine (DAB; Zhongshan Jinqiao Co., 
Beijing, China) and hematoxylin counter stain-
ing, finally were dehydrated, transparentized, 
and slides-integrated. Negative control slides 
were processed with PBS and a known positive 
tissue slice was used as a positive control.

The semi-quantitative integration was used to 
evaluate expression levels of fibronectin and 
laminin in the tumor cells and stroma. The yel-
low-brown granules located in cytoplasm, cyto-
membrane, and stroma were defined as posi-
tive staining. Staining intensity was scored as 
follows: 0, negative; 1, yellow; 2, brown; and 3, 
sepia. Actual background should be taken for 
reference in staining practice. In regard of fibro-
nectin and laminin in the epithelial cells, scores 
for the average percentage of immunopositive 
cells were based on each 100 cells in the 10 
high-power fields (400 ×) from the “hot spots” 

in low power fields (100 ×), and rated as fol-
lows: 0, < 10% positive cells; 1, 10%-25%; 2, 
25%-50%; 3, 50%-75%; and 4, > 75% positive 
cells. While the stromal positivity of fibronectin 
and laminin were assessed in low power field 
(100 ×) by the analogous scoring system: 0, < 
10% positive stromal compartment; 1, 10%-
25%; 2, 25%-50%; 3, 50%-75%; and 4, > 75% 
positive stromal compartment. We averaged 
the products respectively from epithelial cell 
and stroma, which were of the scores based on 
staining intensity and immunopositive ratio, to 
evaluate the staining status of ESCC and para-
carcinomatous tissue according to the criterion 
as follows: 0, negative (-); 0-4 (including 4), 
weak positive (+); 4-8 (including 8), moderate 
positive (++); and 8-12, strong positive (+++).

Immunohistochemical level assessment of the 
stromal positivity of α-SMA in low power field 
(100 ×) was semi-quantitatively followed the 
scoring system below: (-), no stromal staining; 
(+), weak staining in a few stromal areas; (++), 
moderate staining of the stromal compartment; 
and (+++), strong staining in the majority of the 
stromal compartment. MVD evaluation was 
acted in accordance with the following princi-
ples. 3-5 “hot spots” were selected in low 
power fields (100 ×) in which intratumoral 
microvessels distributed densely, amounts of 

Figure 1. Immunohistochemistry showed expression diversities of the fibronectin and lamininin in tumor and para-
carcinomatous tissue of ESCC. Expressions of fibronectin (A: 100 ×, B: 200 ×) and laminin (D: 100 ×, E: 200 ×) in 
the ESCC tissue were detected to be conspicuously stronger than that in the paracarcinomatous tissue (C: FN, 100 
×, F: LN, 100 ×).
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vessels were quantified in the 1-3 high-power 
fields (400 ×) from every “hot spot” depending 
on its size. Rank assessment of the average 
amount was followed by the criterion below: 
less than 10, weak positive (+); 10-30, moder-
ate positive (++); and more than 30, strong 
positive (+++). 

All slices were assessed by two pathologists 
who were blind to diagnosis independently. 

Statistical analysis

Statistical analysis was completed with SPSS 
13.0 (SPSS, Inc., Chicago, IL) and P < 0.05 was 
considered statistically significant. The Chi-
square test was used for comparison of posi-
tive ratio. Associations of the fibronectin and 
laminin in tumor tissue with the densities of 
microvessels and myofibroblasts in tumor stro-
ma were performed by Spearman’s rank corre-
lation test. Whether there existed statistical 
discrepancies between outcomes of patients 
with poor and strong expression patterns of 
fibronectin and laminin was determined by 
Kaplan-Meier analysis and log-rank test. The 
Cox regression model was used for multivariant 
survival analysis.

Results

Expressions of fibronectin and laminin in the 
ESCC tissues

Fibronectin and laminin expression were ob- 
served to be abundant in the cytoplasm and 

cytomembrane of ESCC cells especially the 
tumor marginal cells, namely so-called invasion 
front, as well as in the surrounding submucosal 
mesenchymal tissues. Figure 1 displayed two 
representative slices in immunohistochemi- 
stry.

Positive rate of fibronectin in the ESCC tissues 
was 51/53 (96.2%), conspicuously higher than 
that in the paracarcinomatous tissues (34/53, 
64.2%, X2 = 17.162, P = 0.000). Analogously, 
compared to adjacent normal tissues where 
5/53 (9.4%) of the cases were laminin positive 
at the low level, 28/53 (52.8%, X2 = 23.277,  
P = 0.000) of the ESCC tissue specimens 
expressed laminin (Table 1). 

Associations of the expressions of fibronectin 
and laminin in ESCC tissues with the densities 
of microvessels and myofibroblasts in tumor 
stroma  

ESCC tissue was affluent with microvessels 
and myofibroblasts visualized by CD34 and 
α-SMA in general. Spearman’s correlation test 
revealed that the fibronectin expression in 
ESCC tissue was positively related to intratu-
moral MVD (r = 0.361, P = 0.008) and quantity 
of stromal myofibroblasts (r = 0.330, P = 0.016). 
Additionally, the associations of the laminin in 
ESCC tissue with intratumoral MVD (r = 0.284, 
P = 0.039) and quantity of stromal myofibro-
blasts (r = 0.311, P = 0.023) were indicated to 
be significant, as shown in the Table 2.

Clinicopathological significance of the fibro-
nectin and laminin expressed strongly in ESCC 
tissues

We employed the Chi-square test to analyze the 
relationships between clinicopathological fea-
tures and the strongly positive rates of fibronec-
tin and laminin expression in ESCC tissues. 
Overexpression of fibronectin was affinitive 
with TNM stage (X2 = 13.867, P = 0.000) and 
venous invasion (X2 = 9.669, P = 0.002), where-
as irrelevant to differentiation degree (X2 = 
3.593, P = 0.058) and lymphatic metastasis (X2 

= 2.779, P = 0.096). Similarly, there existed inti-
mate associations of laminin upregulation with 
TNM stage (X2 = 8.423, P = 0.004) and venous 
invasion (X2 = 6.512, P = 0.011), however the 
significant relationships with differentiation 
degree (X2 =0.251, P = 0.616) and lymphatic 
metastasis (X2 = 0.407, P = 0.524) did not 
appear. The results above were present in the 
Table 3.

Table 1. Positive rates of fibronectin and lam-
inin expression in the tumor and paracarcino-
matous tissues of ESCC

Tumor tissues Paracarcino-
matous tissues X2 P

FN 51/53 (96.2%) 34/53 (64.2%) 17.162 0.000
LN 28/53 (52.8%) 5/53 (9.4%) 23.277 0.000
FN: fibronectin, LN: laminin.

Table 2. Associations of the expressions of 
fibronectin and laminin in ESCC tissues with 
the densities of intratumoral microvessels and 
myofibroblasts

Density of microvessels Density of myofibroblasts
r P r P

FN 0.361 0.008 0.330 0.016
LN 0.284 0.039 0.311 0.023
FN: fibronectin, LN: laminin.
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Table 3. Clinicopathological significance of the fibronectin and laminin expressed strongly in ESCC 
tissues 

FN LN
Variable Cases Strong positive x2 P Strong positive x2 P
TNM stage 13.867 0.000 8.423 0.004
    I/II 26 8/26 (30.8%) 3/26 (11.5%)
    III/IV 27 22/27 (81.5%) 13/27 (48.1%)
Differentiation degree 3.593 0.058 0.251 0.616
    Low 11 9/11 (81.8%) 4/11 (36.4%)
    High/Moderate 42 21/42 (50.0%) 12/42 (28.6%)
Venous invasion 9.669 0.002 6.512 0.011
    Positive 29 22/29 (75.9%) 13/29 (44.8%)
    Negative 24 8/24 (33.3%) 3/24 (12.5%)
Lymphatic metastasis 2.779 0.096 0.407 0.524
    Positive 23 16/23 (69.6%) 8/23 (34.8%)
    Negative 30 14/30 (46.7%) 8/30 (26.7%)
FN: fibronectin, LN: laminin.

Figure 2. Kaplan-Meier analyses of OS and DFS rate curves of the patients with ESCC based on respective expres-
sions of fibronectin and laminin in the tumor tissues as strong and non-strong (negative/weak/moderate). The 
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Survival analysis

Patients were classified into two groups with 
strong and non-strong (negative/weak/moder-
ate) level respectively of fibronectin and laminin 
expression. Univariate survival analyses based 
on overall survival (OS) and disease free sur-
vival (DFS) of ESCC patients were conducted by 
the Kaplan-Meier method and log-rank test, 
which exhibited contrast between overall sur-
vival rates of the two patients groups in both 
fibronectin and laminin expressed pattern. 
Overall survival of the patients with non-strong 
expression of fibronectin was 57.722±2.468 
months, significantly longer than 43.689±2.597 
months that the patients had with strongly 
expressed level (X2 = 7.837, P = 0.005) (Figure 
2A). Statistical discrepancy between overall 
survivals of the patients with different levels of 
laminin expression (non-strong: 53.385±2.423 
months vs strong: 40.969±2.708 months, X2 = 
8.180, P = 0.004) was verified to be remark-
able (Figure 2C).

Remodeling of fibronectin and laminin did not 
exert influence on the disease free survival of 

ESCC patients in our samples. Statistical differ-
ence between disease free survivals of the two 
groups of patients was found into neither fibro-
nectin (non-strong: 19.435±1.961 months vs 
strong: 17.233±1.638 months, X2 = 0.515, P = 
0.473) nor laminin (non-strong: 28.500±2.504 
months vs strong: 17.000±3.031 months, X2 = 
3.332, P = 0.068) expression pattern (Figure 
2B, 2D). 

Multivariate survival analysis by the Cox regres-
sion model indicated that the overexpression of 
the fibronectin (RR: 1.502, P = 0.201) and lam-
inin (RR: 1.228, P = 0.142) in ESCC tissue could 
not predict patients’ overall survival indepen-
dently. The TNM stage (RR = 3.763, P = 0.008) 
and tumor differentiation degree (RR = 0.494, 
P = 0.012) could be considered as the indepen-
dent prognostic factors of patients’ overall sur-
vival in ESCC (Table 4).

Discussions

As main members of the extracellular matrix 
(ECM), fibronectin and laminin participate in 
constitution of highly cross-linked interstitial 
stroma and basement membrane polymers at 
intratumoral structures, thus provide cancer 
cells with architectural support, more essen-
tially influence their proliferation, differentia-
tion, polarity and mobility [20]. However, the 
presence of fibronectin and laminin in the can-
cer cells should not be excluded because of 
their intimate interactions with tumor stroma. 
Conspicuous abundance of fibronectin and 
laminin in the tumor tissue observed in the cur-
rent study was consistent with other experi-
mental results in nasopharyngeal carcinoma, 
bladder cancer, gastric carcinoma cell, and 
also comprising ESCC [21-24]. Particularly in 
the ESCC tissue, it has been verified that lam-
inin could provide an autocrine positive-feed-
back circulation via phosphatidylinositol 3-ki- 
nase (PI3K) activation [25], and fibronectin 
mRNA accumulated in the ESCC cells under 
epithelial-mesenchymal transition [26], sug-
gesting the potential promotional functions of 
fibronectin and laminin remodeling in ESCC 
development.

Our results indicated that the overexpression of 
fibronectin and laminin in ESCC tissue were 

Table 4. Multivariate analysis of factors associ-
ated with overall survival in the ESCC patients 

RR 95% CI
Overall survival RR Lower-Upper P
    FN 0.201
Rich vs Poor 1.502 0.805-2.800
    LN 0.142
Rich vs Poor 1.228 0.934-1.614
Age 0.697
    ≥ 60 vs < 60 0.866 0.421-1.783
Gender 0.744
    Male vs Female 1.149 0.499-2.644
TNM stage 0.008
    III/IV vs I/II 3.763 1.412-10.028
Differentiation degree 0.012
    High/Moderate vs Low 0.494 0.286-0.854
Venous invasion 0.755
    Negative vs Positive 0.882 0.401-1.940
Lymphatic metastasis 0.976
    Negative vs Positive 0.987 0.428-2.276
FN: fibronectin, LN: laminin, RR: relative risk.

overall survivals of patients with non-strong expressions of fibronectin (A) and laminin (C) were significantly longer 
than those of the patients with strongly expressed levels. Statistical discrepancy between disease free survivals of 
the patients with strong and non-strong level was found in neither fibronectin (B) nor laminin (D) expression pattern.
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affinitive with higher densities of the tumor 
microvessels and stromal myofibroblasts. In 
term of cancer cell, the fibronectin secreted by 
human oesophageal cancer cell and renal car-
cinoma cell was found to be involved in modula-
tion of angiogenic micro-environment, particu-
larly in the vascular endothelial growth factor 
(VEGF)/vascular endothelial growth factor re- 
ceptor (VEGFR)-2 system [27]. While laminin 
receptor on the surface of cancer cell was seen 
to contribute to angiogenesis [28]. Additionally, 
in oral squamous cell carcinoma, the stroma 
myofibroblasts were indicated as a preferential 
source of fibronectin [29]. Laminin upregula- 
tion in the myofibroblasts induced by invasive 
breast cancer cells was demonstrated to con-
fer anoikis-resistant phenotype to the cancer 
cells [30]. Our experimental data exhibited the 
epigenetic relationship between deposition of 
the ECM in ESCC tissue and remodeling of 
tumor mesenchyme that did point to angiogen-
esis stimulating and myofibroblast transition 
(Figure 3). Considering angiogenesis as an 
inherent feature of tumor obtaining conditions 
for dissemination and growth, alone with the 
roles of myofibroblasts in stromatogenesis, 
that could assist in creating a more permissive 
environment for tumor invasion and metasta-
sis, enrichment of intratumoral microvessels 

and stromal myofibroblasts were recognized to 
be associated with malignant properties and 
poor prognosis in several epithelial tumors [31, 
32]. Consequently, we speculated that the 
overexpression of fibronectin and laminin in 
ESCC probably result in advanced tumor char-
acteristics through promoting formation of 
microvessels and transition of CAFs. Actually, 
biochemical study has showed that the activa-
tion of vascular network formation in ESCC 
needed induction of stromal fibroblasts via the 
pathways linked to transforming growth factor 
(TGF)-β and VEGF [33], proposing that the syn-
ergy generated by interaction among the intra-
tumoral mesenchymal structures exerted cru-
cial function during tumor evolution. We 
therefore demonstrated that fibronectin and 
laminin increased significantly in the ESCC tis-
sues with plenty of tumor microvessels in mal-
formation and myofibroblasts, of which there 
existed higher proportion of venous invaded 
and terminal cases. Remodeling was observed 
to be distributed in cancer cells and submuco-
sal mesenchymal tissues, moreover, marginal 
cells surrounding tumor nests, namely invasion 
fronts exhibited extraordinarily strong intensity 
of expressions, identically expressed feature 
was reported to be related to advanced grade 
in the serous epithelial ovarian cancer cells 

Figure 3. Consecutive slides from the same specimen of ESCC tissue exhibited the associations of fibronectin and 
laminin overexpression with densities of the intratumoral microvessels and myofibroblasts. Fibronectin (B: 100 ×) 
and laminin (C: 100 ×) increased significantly in the ESCC tissues with plenty of tumor microvessels in malformation 
(A: 100 ×). Fibronectin (E: 100 ×) and laminin (F: 100 ×) increased significantly in the ESCC tissues with plenty of 
myofibroblasts (D: 100 ×).
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[34], highlighting the interaction between can-
cer cells and mesenchyme being able to stimu-
late synthesis of fibronectin and laminin could 
promote tumor penetration and invasion.

Regarding as the overexpression of fibronectin 
and laminin in ESCC tissue conferring the 
aggressive properties to tumor, we aimed to 
investigate the clinically relevant findings and 
found overall survivals of the ESCC patients 
with fibronectin and laminin strongly positive 
expression were remarkably shorter than th- 
ose of the patients with non-strong expressed 
levels in the univariate analysis. However the 
disease free survivals of ESCC patients did not 
varied statistically with different expression 
patterns of fibronectin and laminin as high and 
low level, which had nothing in common with 
some previous researches in ESCC [25, 35], 
but we further took notice of the individual his-
tological type under observation in each experi-
ment, thus in our study the significant influenc-
es on patients’ DFS of the fibronectin and 
laminin increased in ESCC tissue were still 
arguable. Multivariate survival analysis either 
failed to indicate the independently predictable 
values of fibronectin and laminin in the OS of 
ESCC patients. We envisaged that the present 
conclusions were preliminary based on insuffi-
cient sample amount. Meanwhile, it is needed 
in order to evaluate the factors influencing 
prognosis, such as cross-checking on the 
genetic and transcriptional level, and elaborat-
ing observation range. 

In conclusion, we revealed that upregulation of 
the ECM fibronectin and laminin in the ESCC tis-
sue comprising both neoplastic cells and intra-
tumoral mesenchyme, participating in acceler-
ating intratumoral microvessels generation and 
myofibroblasts transition, could synergize with 
tumor cells to invade and metastasize thus 
leading to poor prognosis to an extent. We 
therefore proposed the potential values of 
fibronectin and laminin concentrated in the 
tumor tissue as biomarkers prefiguring early 
invasion and metastasis of ESCC and blocking 
targets propitious to ameliorate patients’ sur-
vival status. 
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