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ABSTRACT

Background: Tenascin-C and fibronectin are adhesive glycoproteins modulating
the structure of the extracellular matrix and cellular functions. Their expression and
function in esophageal adenocarcinoma is poorly known. The aim of this study was to
evaluate the expression of tenascin-C and fibronectin in esophageal adenocarcinoma
and its precursor stages.

Results: Stromal tenascin-C and fibronectin expression were found in all evaluated
lesion types. Expression of both molecules increased from gastric metaplasia towards
adenocarcinoma (p<0.05). In carcinomas, tenascin-C expression in the bulk was
associated with T-stage (p=0.006), presence of lymph node (p=0.004) and distant
organ metastases (p=0.007). Abundant tenascin-C expression associated with poor
survival (p=0.034) in univariate analysis. Fibronectin expression associated to T-stage
(p=0.030). Expression of tenascin-C or fibronectin in the tumor invasive front was not
associated to clinicopathological variables or survival. No significant correlation with
tumor/stroma percentage, cancer-associated fibroblasts or mean vascular density
was observed with either tenascin-C or fibronectin.

Methods: Tenascin-C and fibronectin were stained immunohistochemically and
assessed in esophageal specimens from patients with esophageal adenocarcinoma
(n=90) or dysplasia (n=30). Structures and lesion were evaluated including
normal esophagus (n=77), gastric (n=61) or intestinal (n=51) metaplasia without
dysplasia, and low-grade (n=42) or high-grade (n=34) dysplasia, and esophageal
adenocarcinoma (n=90). In carcinomas, both bulk and invasive front were separately
evaluated. In addition, tumor/stroma percentage, cancer-associated fibroblasts and
mean vascular density were evaluated.

Conclusions: Tenascin-C and fibronectin are upregulated in esophageal
adenocarcinoma when compared to Barrett’'s esophagus and dysplasia. Increased
tenascin-C expression is associated with metastasis and poor prognosis in esophageal
adenocarcinoma.
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INTRODUCTION

The incidence of esophageal adenocarcinoma has
been increasing rapidly in the Western World during
the last decades. Its relative rareness and aggressive
nature makes it a disease with late diagnosis and poor
survival rate [1]. To improve the prognosis of esophageal
adenocarcinoma, early identification of premalignant
lesions would be beneficial.

Tenascins are a family of large adhesive of
glycoproteins of the extracellular matrix that affect tissue
elasticity and architecture and cellular responses [2]. A
member of this family, tenascin-C, has an essential role
in morphogenesis of blood vessels during embryonic
development but its distribution in adult tissues is typically
limited. However, re-expression of tenascin-C occurs in
injured tissues and in pathological remodeling in various
diseases, such as cancer [2]. Increased expression of
tenascin-C has been detected in several types of benign
and malignant neoplasms, and is found to associate to the
invasive and metastatic potential of malignant tumors,
for example esophageal squamous cell carcinoma and
colorectal cancer [3, 4]. A single study has reported no
expression of tenascin-C in 6 patients with Barrett’s
esophagus and upregulation of tenascin-C in 15 patients
with esophageal adenocarcinoma, showing association to
poor tumor differentiation [5].

Fibronectin is another high-molecular-weight
adhesive glycoprotein of the extracellular matrix with
elevated expression mainly in embryonic tissues, wound
healing, inflammation and a variety of tumors, suggesting
a role in tissue remodeling [2]. Fibronectin is believed
to promote proliferation and survival of tumor cells,
and to have a role in tumor invasion and metastases in
lung, breast and colorectal cancer [6—8]. No published
information on tenascin-C or fibronectin in esophageal
adenocarcinoma or its precursor stages could be found in
larger patient cohorts.

The aim of the study was to determine the
expression of tenascin-C and fibronectin in esophageal
adenocarcinoma and its precursor stages, and to evaluate
if the molecules could be used as prognostic factors or as
biomarkers of premalignant lesions.

RESULTS

Both tenascin-C and fibronectin were distinctly
expressed in the lamina propria of normal esophageal
mucosa covered by squamous epithelium and in the
lamina or stroma of all evaluated lesion types, including
intestinal and gastric metaplasia, low- and high-grade
dysplasia and adenocarcinoma (Figures 1 and 2). The
expression of both molecules increased significantly
from gastric metaplasia towards adenocarcinoma.
Generally expression of tenascin-C was higher than that
of fibronectin. Stromal expression levels in the evaluated

lesions are summarized in Table 1. For both molecules,
cytoplasmic expression in epithelial cells was very rare
in normal, metaplastic and neoplastic epithelia and did
not associate to any of the clinicopathological variables.
Epithelial tenascin-C expression occurred in 16/354 and
that for fibronectin in 7/354 of the evaluated lesions, and
there was no association with the lesion type (data not
shown).

Most typically, in both types of metaplasia and
dysplasia stromal expression of tenascin-C and fibronectin
was mainly restricted to lamina propria and the underlying
connective tissue (Figure 1). In adenocarcinoma the
stromal expression of both molecules was more diffuse
and the molecules could be identified not only in the
middle of the tumor but also in the tumor surrounding
stroma (Figure 2).

Tenascin and fibronectin in normal esophageal
mucosa

Expression of tenascin-C in normal mucosa was
present in the subepithelial layer and occasionally around
the glands (Figure 1). Stromal expression of tenascin-C in
normal mucosa was higher than in Barrett’s esophagus or
dysplasia, and nearly similar compared to adenocarcinoma
(Figures 1 and 2; Table 1).

Fibronectin was only scantily expressed in normal
mucosa with locations similar to those of tenascin-C
(Figure 1). Expression levels were similar to that in
gastric and intestinal metaplasia and in low- and high-
grade dysplasia. Statistically significant difference was
observed only in comparison between normal epithelium
and adenocarcinoma (Table 1).

Tenascin-C and fibronectin in Barrett’s
esophagus and dysplasia

The expression of both of the molecules was lowest
in gastric metaplasia and increased gradually towards
high-grade dysplasia. The expression was localized in
lamina propria and was also seen in the mucosa (Figure
1). The increase from metaplasia to dysplasia was
greater with tenascin-C, although only the difference
between gastric metaplasia and high-grade dysplasia
was statistically significant. No statistically significant
differences in fibronectin expression were observed
between the premalignant lesions (Table 1).

Tenascin-C and fibronectin in esophageal
adenocarcinoma

Stromal expression of both tenascin-C and
fibronectin was highest in adenocarcinoma (Figure
2). The expression of tenascin-C was statistically
significantly elevated when compared to all other lesion
types, except normal epithelium. Fibronectin expression in
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adenocarcinoma showed distinct increase when compared
to all other lesion types.

Expression in the invasive front was higher than
in tumor bulk stroma mean difference of tenascin-C
expression being 0.7 (95% CI 0.3-1.1; p<0.001) and that
of fibronectin 0.7 (95% CI 0.4-1.0; p<0.001; Table 1).

Relation with clinicopathological variables and
cancer survival

Tenascin-C expression in the tumor bulk stroma
was associated with several clinocopathological variables

Tenascin-C

(Table 2) including high T-class (p=0.006), lymph
node (p=0.004) and organ metastases (p=0.007). High
expression of fibronectin in the tumor bulk stroma was
associated to only high T-class (p=0.030). Tenascin-C
expression in the tumor bulk stroma associated to cancer
survival in the univariate analysis, high expression
indicating poor prognosis (log rank p=0.034; Figure 3). In
contrast, tenascin-C or fibronectin expression in the tumor
invasive front was not associated with clinicopathological
variables or cancer survival (Table 2). Multivariate
analysis did not show statistically significant associations
between tenascin-C or fibronectin expression and survival.

Fibronectin

Normal epithelium

Metaplastic epithelium

High-grade dysplasia

Figure 1: Typical expressions patterns of tenascin-C (a, ¢, €) and fibronectin (b, d, f) in normal esophageal mucosa (a, b) and premalignant
lesions of adenocarcinoma, including intestinal (c¢) and gastric (d) metaplasia and high-grade (e, f) dysplasia. Magnification 10x, scale bar

100 pm.
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Tumor/stroma percentage — relation with
clinicopathological variables, cancer survival
and correlation with stromal tenascin-C and
fibronectin

Both mean and median tumor/stroma percentage in
90 patients with adenocarcinoma were 55% (SD 22). No
association to TNM-staging or grade of differentiation was
observed whether analyzing in two (cut-off 50%) or four
(cut-offs 25, 50, 75%) groups. Similarly, no association

Tenascin-C

High expression, tumor bulk

YOL A
14 87
5 S

B

%
%
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Low expression, tumor bulk

to survival was observed (in two groups p=0.983, four
groups p=0.869). We observed no correlation with
tenascin-C and fibronectin experssion with tumor/stroma
percentage (Table 3).

Correlation of stromal tenascin-C, fibronectin
and a-SMA

Cancer-associated fibroblasts (CAFs), identified
by intracellular a-SMA, are known predictors of poor

Fibronectin

High expression, invasive front

Figure 2: Typical expression patterns of tenascin-C (a, ¢, €) and fibronectin (b, d, f) in esophageal adenocarcinoma. Highly variable
immunostaining stromal density was observed in tumor stroma of both tenascin-C (a, ¢) and fibronectin (b, d). The tumor’s invasive front
showed high expression of both molecules (e, f). Magnification 10x, scale bar 100 pm.
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Table 1: Stromal expression of tenascin-C and fibronectin in normal esophageal mucosa and in different esophageal

lesions
Stroma Invasive front (carcinoma)
Tenascin-C foti soti
Mean 950 cp >uatistical Mean 95% CI Statistical
significance significance
Normal mucosa 1.8 1.6-2.0
Gastric metaplasia 0.9 0.7-1.1 a
Intestinal 1.0 0.7-13 a
metaplasia
Low-grade 1.1 0.8-1.4 a
dysplasia
High-grade 1.6 1.2-2.0 b
dysplasia
Adenocarcinoma 1.9 1.7-2.2 bed 2.3 2.0-2.6 f
Fibronectin 08 0.7-1.0
Normal mucosa
Gastric metaplasia 0.6 0.5-0.8
Intestmal' 08 0.6-1.0
metaplasia
Low-grade 0.8 0.5-1.0
dysplasia
High-grade 1.0 0.7-1.3
dysplasia
Adenocarcinoma 1.5 1.3-1.7 abcde 2.1 1.8-2.3 f

Density of stromal expression was assessed with a five point scale from negative (0) to very high density (4). Values are
presented as mean and 95% confidence interval (CI). Statistical testing was performed with One way ANOVA with Tukey

in post hoc analysis and paired sample t-test.
a compared to normal mucosa, p<0.05.

b compared to gastric metaplasia, p<0.05.

¢ compared to intestinal metaplasia, p<0.05.
d compared to low-grade dysplasia, p<0.05.

e compared to high-grade dysplasia, p<0.05.

f comparison between intralesional adenocarcinoma stroma and invasive front.

prognosis in various malignancies with highly similar
staining pattern as tenascin-C and fibronectin [9, 10]. In
12 selected patient samples, mean o-SMA expression
in tumor bulk was 1.9 (SD 1.0) and in tumor invasive
front 2.2 (SD 0.8). Overlap with tenascin-C and a-SMA
was observed in tumor bulk (26% (SD 32)), and tumor
invasive front (13% (SD 15)). Similarly, overlap was seen
with fibronectin and a-SMA (42% (SD 46), 56% (SD 44),
respectively), Figure 4. Stromal cells in the tumor bulk
showed occasional cytoplasmic positivity of both markers
(Figure 4). However, no statistically significant correlation

in tenascin-C or fibronectin expression and a-SMA was
observed (Table 3).

Correlation of stromal tenascin-C, fibronectin
and vascular density

CD31 staining for analysis of mean microvascular
density was performed to 20 randomly selected patients.
Mean number of vessels per single high power field (20x
magnification) in tumor bulk was 48 (SD 20) and in tumor
invasive front 56 (SD 33). We observed no correlation
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Table 2: Expression of tenascin-C and fibronectin in the tumor bulk stroma and invasive front region compared to
clinicopathological variables in esophageal adenocarcinoma

Tenascin-C bulk, n (%)

Tenascin-C front, n (%)

Fibronectin bulk, n (%) Fibronectin front, n (%)

Variable n/N
Low High p Low High p Low High p Low High P

pT

Tl 14/89  12(23)  2(5) 0.006 7(21) 4(15) 0884 6(13)  8(19)  0.030 8(22) 3(12) 0451

T2 13/89  7(13)  6(16) 6() 4(15) 6(13)  7(16) 5(14) 5(19)

T3 48/39 30 (58) 18 (49) 18(55) 17(63) 31(67) 17 (40) 19 (53) 17 (65)

T4 14/89  3(6)  11(30) 2(6) 2(7) 3(7)  11(26) 4(11) 1(4)

Lymph nodes

negative 35/89  27(52)  8(22) 0.004 19(58) 10(37) 0.113 19(41) 16(37) 0.693 19 (53) 11(42) 0416

positive 54/89  25(48) 29 (78) 14 (42)  17(63) 27(59) 27 (63) 17 (47) 15 (58)

Organ metastases

negative 62/89 42(81) 20(54) 0.007 28(85) 24(89) 0.647 32(70) 30(70) 0.983 31 (86) 23(88)  0.785

positive 27/80  10(19) 17 (46) 5(15)  3(11) 14 (30) 13 (30) 5(14) 3(12)

Grade

Well-

differentiaeg 2290 2140)  8(22) 0.116 15(45) 8(30) 0311 13(28) 16(37) 0.623 15 (42) 8(31)  0.386

Moderately o305 14 26) 9 (24 6(18)  9(33) 13(28)  10(23) 7(19) 9 (35)

differentiated

Poorly 38/90 18 (34) 20 (54 12(36) 10 (37) 21(45) 17 (40) 14 (39) 9 (35)

differentiated (54)

Stage

I 14/89 11(21) 3(8) 0.038 8(24) 4(15 0701 5(11) 9(21) 0.491 10 (28) 2(8) 0.239

i 36/89 24(46) 12(32) 17(52)  16(59) 21 (46) 15 (35) 18 (50) 15 (58)

111 12/89  7(13)  5(14) 309 4(15) 7(15)  5(12) 4(11) 5(19)

v 27/80  10(19) 17 (46) 5(15)  3(11) 13(28) 14(33) 4(11) 4(15)

Tumor size

small

(<40mm) 36/88 23(44) 13(36) 0.446 12(36) 12(44) 0.525 19(41) 17(40) 0.937 14 (39) 11 (42) 0.787

large

(>40mm) 52/88  29(56) 23 (64) 21(64) 15 (56) 27(59) 25 (60) 22 (61) 15 (58)

Significant p-values are shown in bold. High expressions was defined as >3.

with tenascin-C or fibronectin expression and microvessel stroma significantly associated with advanced TNM-stage

density (Table 3). and poor prognosis. High fibronectin expression was

associated with advanced T-stage.
DISCUSSION Strength of the current study is homogenous study
population from single geographical area of Northern

and fibronectin in normal esophageal mucosa and bias. Interobserver agreement was excellent with no

in columnar metaplasia-dysplasia-adenocarcinoma- required re-evaluations. Possible weakness is the use

sequence of Barrett’s esophagus. Stromal expression of immunohistochemistry as the only method in the

of both of the molecules showed stepwise increase evaluation of tenascin-C and fibronectin expression.

from metaplasia towards esophageal adenocarcinoma. However, strict validation of the used antibodies was

Tenascin-C expression was generally more abundant than performed and the inverse association with tenascin-C

fibronectin and high Tenascin-C expression in the tumor expression and survival with solid biological background
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in cancer metabolism reduces the possibility of chance
findings.

Based on our results, tenascin-C expression is
upregulated in stroma of esophageal adenocarcinoma
when compared to gastric and intestinal metaplasia and
low- and high-grade dysplasia. Several previous studies
have demonstrated that the high tenascin-C expression in
the tumor microenvironment is caused by its increased
synthesis in myofibroblasts [11]. It has also been
reported that cancer cells in micrometastases act as the
main source of tenascin-C in the tumor until the tumor
stroma can take over the tenascin-C production [12]. By
expressing tenascin-C, the cancer cells may support their
own ability to metastasize. In our study, intracellular
staining for tenascin-C in the cancer cells as a possible
indicator of synthesis was rare and no association with
clinicopathological features was seen. In oral tongue
squamous cell carcinoma, a similar staining pattern of
CAFs with tenascin-C, fibronectin has been previously
observed [10, 13]. With a pilot series of 12 patients

1,07

0,57

0,671

0,4

we observed overlap of tenascin-C, fibronectin and
a-SMA expressions in tumor stroma and in cytoplasm of
stromal cells suggesting that myofibroblasts contribute
to stromal tenascin-C and fibronectin synthesis. In
agreement with our results, tenascin-C expression has
usually been observed in the tumor stroma [14]. Its
distribution is determined primarily by location of the
cells that secrete it, but it is probable that its binding
to specific proteins, for example collagens, is also
involved [15].

Previous studies have suggested that tenascin-C
could be used as a biomarker of tumor invasion
and metastasis and as a prognostic factor in various
cancers [3, 4]. It has also been investigated as a target
for therapy [16]. In colorectal cancer myofibroblasts
in stroma of invasive tumor front secrete tenascin-C
and stimulate cancer cell invasion [11, 17]. In our
study, tenascin-C and fibronectin expression were
significantly increased in the tumor invasive front as
compared to the tumor bulk stroma without showing

0,27 High tenascin-C density

p=0.034

0,0

I T
0 a0

I I
1350 200

Follow-up time (months)

Figure 3: Kaplan-Meier survival curve showing esophageal adenocarcinoma survival divided by low and high (=3)

tenascin-C expression density.
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Table 3: Correlations of tenascin-C and fibronectin expression with tumor/stroma percentage, a-smooth muscle actin
(0-SMA) and vascular density (CD31) with two-tailed Spearman’s correlation test

Tenascin-C bulk

Tenascin-C front Fibronectin bulk

Fibronectin front

Correlation coefficient (p-value)

Tumor/stroma _

percentage, n=90 0.09 (p=0.367)
a-SMA, n=12 0.113 (p=0.727)
CD31, n=20 0.168 (p=0.465)

-0.050 (p=0.704) 0.130 (p=0.221) 0.028 (p=0.831)

-0.111 (p=0.759)
-0.357 (p=0.133)

0.118 (p=0.716)
0.175 (p=0.448)

0.211 (p=0.558)
-0.047 (p=0.843)

Tenascin-C and a-SMA

Fibronectin and a-SMA

Figure 4: Double staining of tenascin-C (brown) and a-smooth muscle actin (a-SMA, gray) (a). Fibronectin and a-SMA (b). Magnification
10x, scale bar 100 pm. High magnification (20x) images in the right upper corner show stromal cells in the tumor bulk with cytoplasmic

positivity of both markers.
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Table 4: Baseline characteristics of the patients with esophageal adenocarcinoma, high grade dysplasia and low-

grade dysplasia
Patient clinical EAC HGD LGD
data N=90 N=10 N=20
Age at diagnosis n/N % n/N % n/N %
<60 yrs 32/90 35.6 5/10 50 4/20 20
60-65yrs 18/90 20.0 3/10 30 3/20 15
>65 yrs 40/90 44 .4 2/10 20 13/20 65
Sex
Male 74/90 82.2 10/10 100 13/20 65
Female 16/90 17.8 0/10 0 7/20 35
Tumor grade

diffe\:g:iated 29/90 322

e TR

diff};:e(:tli};ted 38/90 422

T-classification

I 14/89 15.7

11 13/89 14.6

111 48/89 53.9

v 14/89 15.7

Lymph nodes
Negative 35/89 393
Positive 54/89 60.7
Distant metastases
Negative 62/89 69.7
Positive 27/89 303
Tumor stage

I 14/89 15.7

I 36/89 40.4

111 12/89 13.5

v 27/89 30.3

Total of 90 patients with adenocarcinoma, 10 patients with high-grade dysplasia and 20 patients with low-grade dysplasia
are presented in the Table. TNM classification was available only from 89 patients.

any association with clinicopathological variables. In
contrast, the expression of tenascin-C in the tumor bulk
of esophageal adenocarcinoma tumors was related to
higher TNM-stage. The mechanisms for the association
of abundant tenascin-C with adverse cancer prognosis
may lie in its various mechanisms affecting both the

structure of extracellular matrix and functions of cancer
cells. Previously, high tenascin-C expression has been
shown to associate to poor cellular differentiation,
although with limited patient material [5]. Tenascin-C
is able to influence cancer growth by affecting cell
adhesion and migration, but also by influencing the
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expression of tumor suppressor genes, oncogenes and
genes involved in the maintenance of genomic stability
[18, 19]. It is also known to have a role in loss of
intercellular adhesion [20], enhancing cell migration and
metastasis of tumor cells. In our study, no correlation
with vascular density and tenascin-C or fibronectin
expression was observed, suggesting that prognostic
effect of tenascin-C is not related with induction of
angiogenesis. Why expression patterns only in the tumor
bulk stroma and not in the invasive front were associated
to poor prognosis, is unclear. Based on largely constant
abundant expression of tenascin-C in the invasive
front (Table 1), we speculate, that the expression in the
invasive front might be upregulated by the process of
invasion itself, while expression patterns in the tumor
bulk might be more representative of those properties of
tumor cells important in the distant disseminaton.

Fibronectin showed a similar pattern of
upregulation as tenascin-C in adenocarcinoma
samples. Expression in normal mucosa, both types of
metaplasia and dysplasia was more or less the same
and only adenocarcinoma differed significantly from
all other lesion types. Fibronectin controls a variety of
physiological functions, including cell adhesion, cell
migration, cell differentiation, tissue repair and cell
proliferation [8]. Fibronectin stimulates cell growth
and reduces apoptosis through integrin o.f3, activation,
cyclooxygenase-2 induction and by inhibiting cyclin-
dependent kinase inhibitor p21"f/“P! gene expression
[21]. It also activates several kinase-signaling pathways
of which are not shared by other matrix components
[6]. It has been earlier shown that the adhesion of lung
carcinoma cells to fibronectin reduces apoptosis induced
by standard chemotherapeutic agents and enhances
tumorigenicity [22], which supports the hypothesis
that fibronectin could have value as a therapeutic target
in cancers [23]. Our results indicate that fibronectin
expression increases with the progression of esophageal
adenocarcinoma and that its high expression associates to
T-stage of the tumor. In agreement with several previous
studies, it seems that fibronectin is related to cancer
development and growth.

In our study tumor/stroma percentage showed no
association to clinicopathological variables or survival.
Previously one study in esophageal adenocarcinoma has
suggested that low (<50%) percentage indicates poor
prognosis [24]. On the contrary, in colorectal cancer high
tumor/stroma percentage was associated to a reduced
cancer-specific survival [25]. More studies are needed
to assess the significance of tumor/stroma percentage
in esophageal cancer. Interestingly, we observed no
correlation with tumor/stroma percentage and tenascin-C
or fibronectin expression, suggesting that the size of
stromal area does not affect tenascin-C or fibronectin
density.

In conclusion, our results indicate that both
tenascin-C and fibronectin are highly expressed in the
stroma of esophageal adenocarcinoma and that expression
in the precursor stages, including Barrett’s esophagus
and dysplasia, is low compared to the cancer tissue. In
addition, the results show that high tenascin-C expression
in tumor stroma associates with advanced disease and
reduced survival, and could therefore be used as a
biomarker for esophageal adenocarcinoma with poor
prognosis.

MATERIALS AND METHODS

Patients

Paraffin-embedded  archival  specimens  of
adenocarcinoma or esophageal dysplasia were collected
from the Department of Pathology, Oulu University
Hospital, between years 1987-2013, with follow-up until
the end of 2015 or death. The final series consisted of 90
patients with esophageal adenocarcinoma, 10 with high-
grade dysplasia and 20 with low-grade dysplasia as the
most advanced lesion. Of the carcinoma specimens, 26
(29%) were biopsies and 64 (71%) surgical specimens.
The material has been previously described elsewhere
[26-28]. Out of 90 patients with carcinoma, four received
neoadjuvant chemoradiotherapy. The median age of the
patients with adenocarcinoma was 64 years (range 43-91).
The median follow-up time was 38 months (range 0-183).
The data for the patient survival was obtained from
Statistics Finland, and other relevant data was obtained
from the patient records (Table 4).

The use of patient samples and the data inquiry
were approved by the Oulu University Hospital Ethics
Committee. The need to obtain a written or oral consent
from the patients for using the samples in research was
waived by the Finnish National Authority for Medicolegal
Affairs (VALVIRA, Dnro 10832/06.01.03.01/2014).

Immunohistochemistry

The  representative  tissue  blocks  for
immunohistochemistry were selected by an expert
gastrointestinal pathologist on the basis of hematoxylin
and ecosin-stained sections, based on presence of
cytological abnormalities described in detail previously
[29, 30]. Sections of Sum were mounted and dewaxed
in xylene. For antigen retrieval, the sections were heated
in Tris-EDTA solution (pH 9) for 10 min. Endogenous
peroxidase activity was blocked using peroxidase-
blocking solution (DAKO, Copenhagen, Denmark) for 10
min. Incubation with primary antibodies D2 (Tenascin-C)
and F12 (Fibronectin) in dilution of 1:500 for 60 min at
room temperature was done. Previously described and
validated antibodies against Fibronectin and Tenascin
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C were used [13]. The antibodies were validated by
comparison to commercially available fibronectin and
tenascin-C antibodies, as well as using mass spectrometry.
Horseradish peroxidase (HRP)-conjugated antibodies
(DAKO) were introduced to sections for 10 min, after
which DAB chromogen was used for 5 minutes. Slides
were counterstained with haematoxylin. We validated
the immunohistochemical analysis through two series
of negative controls (omitting the primary antibody and
by replacing primary antibody with the mouse primary
antibody isotype control).

a-smooth muscle actin (a-SMA) staining with
primary antibody (Dako monoclonal mouse anti-human,
1:500, clone 1A4, M0851) for 30min in room temperature
was performed to 6 patient samples with high (>3)
tenascin-C and fibronectin expression, and 6 samples with
low tenascin-C and fibronectin expression. Double-stains
of a-SMA, tenascin-C and fibronectin were performed
by EnVision G|2 Doublestain kit (Dako) according to
manufacturer’s instructions.

Assessment of tenascin-C and fibronectin
expression

The hematoxylin and eosin-stained histological
samples were digitalized using Aperio AT2 Console,
Leica Biosystems Imaging Inc, Nussloch, Germany.
Identification and marking of the different lesions in
the samples were made by an expert gastrointestinal
pathologist (T.J.K). Immunoreactivity of tenascin-C
and fibronectin were analyzed by two independent
researchers who were blinded from the clinical data.
Non-epithelial (stromal) parts and epithelial cells
were separately assessed. We analyzed the amount
and pattern of tenascin-C and fibronectin expression in
the stroma with a 5 point scale slightly modified from
that described earlier [10]; 0, no detectable staining; 1,
focal staining; 2, areas diffuse staining present in less
than half of stromal area; 3, expression of moderate
density distributed in more than half but not in all parts
of the tumor stroma; 4, dense expression extending
throughout the stroma. The intensity of staining in
the epithelial cells was estimated on a four point scale
(O=negative, |=weak, 2=moderate, 3=strong). We also
estimated the percentage of the stained epithelial cells
(0-100%). If there was no difference over 1 in the
intensity or over 30% in the percentage between the two
independent estimations, the mean values were used in
the study. If the difference was greater, re-evaluation
was performed with a third researcher. However, in the
current study re-evaluation was not needed in any of the
samples.

With the cancer lesions we estimated separately
the stromal expression in tumor bulk and in the invasive
front of the tumor. The entire area of the target lesion
was screened and expression was analyzed from area

of predominant staining. In biopsy samples the invasive
front of the tumor could not be reliably identified, and
so the comparison between the tumor stroma and front
was limited to the resected adenocarcinoma samples
(n=64).

Assessment of tumor/stroma percentage

Tumor/stroma percentage was evaluated from
hematoxylin and eosin-stained sections from all carcinoma
patients (n=90) as described earlier [24]. Percentage (0-
100%) of tumor area in representative microscope view
from invasive margin was assessed, referred to as tumor/
stroma percentage. Mean value of two independent
researchers were used with no need for re-evaluation,
as the interobserver difference was less than 30%.
Significance of tumor/stroma percentage was analyzed by
using two (<50% and >50%) and four (0-25%, 26-50%,
51-75% and 76-100%) groups.

Assessment of double stains of a-smooth muscle
actin, tenascin-C and fibronectin

Double stained samples were digitalized similarly
as described above. Expression of a-SMA was analysed in
the tumor bulk and in the invasive front of the tumor with
S-point scale similarly as tenascin-C and fibronectin. The
overlap of tenascin-C and a-SMA staining was assessed
in both tumor bulk and invasive front. The overlap
was reported as percentage (0-100%) of tenascin-C
positive stroma which contained also a-SMA positivity.
Fibronectin and a-SMA were analysed with similar
manner. Mean value of two independent researchers were
used with no need for re-evaluation.

Immunostaining for CD31 and assessment of
vascular density

To study correlation of vascular density, tenascin-C
and fibronectin expression we randomly selected 20
samples for staining with an antibody to CD31 (M0823,
clone JC70A, Dakopatts, Glostrup, Denmark) with a
dilution of 1:200. The slides were counterstained with
hematoxylin. The mean vascular density was calculated
as the mean number of positively stained blood vessels in
high power (20x magnification) field. Any endothelial cell
cluster consisting of two or more cells was considered a
single, countable microvessel. Minimum of 10 high power
fields were analyzed from each tumor and the number of
microvessels was divided by the number of fields assessed
to obtain mean vascular density.

Statistical analysis

For statistical analysis we used IBM SPSS 22.0 (IBM
corp., Armonk, NY, USA). The evaluated mean values of
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tenascin-C and fibronectin were divided into two different
categories (low and high >3 expression). Due to only
marginally skewed distributions, we used Oneway ANOVA
with Tukey in post hoc analysis to compare tenascin-C
and fibronectin expressions between the different lesions.
Comparison between tumor stroma and invasive front was
performed with paired sample T-test. The chi-square test
was used to calculate statistically significant differences
between the protein expression and clinicopathological
variables. Life tables were calculated with the Kaplan-
Meier method and compared between low and high (>3)
tenascin-C and fibronectin stromal expression density,
and tumor/stroma percentage (<50% and >50% or 0-25%,
26-50%, 51-75% and 76-100%). Statistical significance
was assessed with log-rank test. Multivariable analysis
was done using Cox proportional hazards model with the
following covariates: T- (1-4), N- (negative or positive),
M-stage (negative or positive) and tenascin-C expression
in tumor bulk (low or high; (>3), using backward stepwise
selection of variables. P-value of 0.05 was used as the limit
for inclusion of a covariate. Backward stepwise algorithm
was used to pick the best combination of prognostic factors
to explain the mortality in the study population. Correlation
between stromal tenascin-C, fibronectin, tumor/stroma
percentage, a-SMA and CD31 were calculated using two-
tailed Spearman’s correlation test.

Author contributions

OH had full access to all of the data in the study
and takes responsibility for the integrity of the data and
the accuracy of the data analysis. JL, JK, HH and OH
contributed to the study concept and design. PL, JS, TK,
HH and OH contributed to the acquisition of the data.
JL, SB, TK, HH and OH contributed to the analysis and
interpretation of the data. JL, SB, HH and OH drafted
the manuscript. JL, SB, JK, PL, JS, JK, TK, HH and OH
critically revised the manuscript for important intellectual
content. HH and OH were responsible for the statistical
analysis. JL, SB, PL, JS, JK, TK, HH and OH provided
administrative, technical or material support. HH and OH
supervised the study. All authors read and approved the
final version of the manuscript.

ACKNOWLEDGMENTS

We thank Erja Tomperi and Riitta Vuento for their
excellent technical assistance.

CONFLICTS OF INTEREST
The authors state no potential conflicts of interest.

GRANT SUPPORT

This work was supported by grants from the
Orion Research Foundation (J.H.K.), Thelma Makikyro

Foundation (J.H.K., H.H), Paivikki and Sakari Sohlberg
Foundation (H.H.), Georg C. and Mary Ehrnroot
Foundation (J.H.K., H.H.), Sigrid Juselius Foundation
(J.H.K.), the Finnish Medical Foundation (H.H) and Eemil
Aaltonen Foundation (H.H, J.L).

REFERENCES

1. Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C,
Rebelo M, Parkin DM, Forman D, Bray F. Cancer incidence
and mortality worldwide: sources, methods and major
patterns in GLOBOCAN 2012. Int J Cancer. 2015; 136:
E359-86.

2. Yoshida T, Akatsuka T, Imanaka-Yoshida K. Tenascin-C
and integrins in cancer. Cell Adh Migr. 2015; 9: 96-104.

3. Van Obberghen-Schilling E, Tucker RP, Saupe F, Gasser 1,
Cseh B, Orend G. Fibronectin and tenascin-C: accomplices
in vascular morphogenesis during development and tumor
growth. Int J Dev Biol. 2011; 55: 511-525.

4. Yang ZT, Yeo SY, Yin YX, Lin ZH, Lee HM, Xuan YH,
Cui Y, Kim SH. Tenascin-C, a prognostic determinant of
esophageal squamous cell carcinoma. PLoS One. 2016; 11:
e0145807.

5. Salmela MT, Karjalainen-Lindsberg ML, Puolakkainen P,
Saarialho-Kere U. Upregulation and differential expression
of matrilysin (MMP-7) and metalloelastase (MMP-12)
and their inhibitors TIMP-1 and TIMP-3 in Barrett's
oesophageal adenocarcinoma. Br J Cancer. 2001; 85:
383-392.

6. Han S, Khuri FR, Roman J. Fibronectin stimulates non-
small cell lung carcinoma cell growth through activation
of Akt/mammalian target of rapamycin/S6 kinase and
inactivation of LKB1/AMP-activated protein kinase signal
pathways. Cancer Res. 2006; 66: 315-323.

7. Christensen L. The distribution of fibronectin, laminin and
tetranectin in human breast cancer with special attention to
the extracellular matrix. APMIS Suppl. 1992; 26: 1-39.

8. Saito N, Nishimura H, Kameoka S. Clinical significance of
fibronectin expression in colorectal cancer. Mol Med Rep.
2008; 1: 77-81.

9. De Vlieghere E, Verset L, Demetter P, Bracke M, De
Wever O. Cancer-associated fibroblasts as target and
tool in cancer therapeutics and diagnostics. Virchows
Arch. 2015; 467: 367-382.

10. Bello 10, Vered M, Dayan D, Dobriyan A, Yahalom
R, Alanen K, Nieminen P, Kantola S, Laara E, Salo T.
Cancer-associated fibroblasts, a parameter of the tumor
microenvironment, overcomes carcinoma-associated
parameters in the prognosis of patients with mobile tongue
cancer. Oral Oncol. 2011; 47: 33-38.

11. De Wever O, Nguyen QD, Van Hoorde L, Bracke M,
Bruyneel E, Gespach C, Mareel M. Tenascin-C and SF/HGF
produced by myofibroblasts in vitro provide convergent

www.impactjournals.com/oncotarget

Oncotarget



12.

13.

15.

16.

18.

19.

20.

pro-invasive signals to human colon cancer cells through
RhoA and Rac. FASEB J. 2004; 18: 1016-1018.

Oskarsson T, Acharyya S, Zhang XH, Vanharanta S,
Tavazoie SF, Morris PG, Downey RJ, Manova-Todorova K,
Brogi E, Massague J. Breast cancer cells produce tenascin C
as a metastatic niche component to colonize the lungs. Nat
Med. 2011; 17: 867-874.

Sundquist E, Kauppila JH, Veijola J, Mroueh R, Lehenkari
P, Laitinen S, Risteli J, Soini Y, Kosma VM, Sawazaki-
Calone I, Macedo CC, Bloigu R, Coletta RD, et al.
Tenascin-C and fibronectin expression divide early stage
tongue cancer into low- and high-risk groups. Br J Cancer.
2017; 116: 640-648.

Ishihara A, Yoshida T, Tamaki H, Sakakura T. Tenascin
expression in cancer cells and stroma of human breast
cancer and its prognostic significance. Clin Cancer Res.
1995; 1: 1035-1041.

Chung CY, Zardi L, Erickson HP. Binding of tenascin-C to
soluble fibronectin and matrix fibrils. J Biol Chem. 1995;
270: 29012-29017.

Nong Y, Wu D, Lin Y, Zhang Y, Bai L, Tang H.
Tenascin-C expression is associated with poor prognosis
in hepatocellular carcinoma (HCC) patients and the
inflammatory cytokine TNF-alpha-induced TNC expression
promotes migration in HCC cells. Am J Cancer Res. 2015;
5:782-791.

Takahashi Y, Sawada G, Kurashige J, Matsumura T, Uchi
R, Ueo H, Ishibashi M, Takano Y, Akiyoshi S, Iwaya T,
Eguchi H, Sudo T, Sugimachi K, et al. Tumor-derived
tenascin-C promotes the epithelial-mesenchymal transition
in colorectal cancer cells. Anticancer Res. 2013; 33:
1927-1934.

Chiquet-Ehrismann R, Chiquet M. Tenascins: regulation
and putative functions during pathological stress. J Pathol.
2003; 200: 488-499.

Orend G, Chiquet-Ehrismann R. Tenascin-C induced
signaling in cancer. Cancer Lett. 2006; 244: 143-163.
Nagaharu K, Zhang X, Yoshida T, Katoh D, Hanamura
N, Kozuka Y, Ogawa T, Shiraishi T, Imanaka-Yoshida K.
Tenascin C induces epithelial-mesenchymal transition-like
change accompanied by SRC activation and focal adhesion
kinase phosphorylation in human breast cancer cells. Am J
Pathol. 2011; 178: 754-763.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Han S, Sidell N, Roser-Page S, Roman J. Fibronectin
stimulates human lung carcinoma cell growth by inducing
cyclooxygenase-2 (COX-2) expression. Int J Cancer. 2004;
111: 322-331.

Rintoul RC, Sethi T. Extracellular matrix regulation of drug
resistance in small-cell lung cancer. Clin Sci (Lond). 2002;
102: 417-424.

Kaspar M, Zardi L, Neri D. Fibronectin as target for tumor
therapy. Int J Cancer. 2006; 118: 1331-1339.

Courrech Staal EF, Wouters MW, van Sandick JW,
Takkenberg MM, Smit VT, Junggeburt JM, Spitzer-Naaykens
IM, Karsten T, Hartgrink HH, Mesker WE, Tollenaar RA. The
stromal part of adenocarcinomas of the oesophagus: does it
conceal targets for therapy? Eur J Cancer. 2010; 46: 720-728.
Park JH, Richards CH, McMillan DC, Horgan PG,
Roxburgh CS. The relationship between tumour stroma
percentage, the tumour microenvironment and survival
in patients with primary operable colorectal cancer. Ann
Oncol. 2014; 25: 644-651.

Helminen O, Huhta H, Takala H, Lehenkari PP, Saarnio
J, Kauppila JH, Karttunen TJ. Increased Toll-like receptor
5 expression indicates esophageal columnar dysplasia.
Virchows Arch. 2014; 464: 11-18.

Helminen O, Huhta H, Lehenkari Petri P, Saarnio J, Karttunen
Tuomo J, Kauppila Joonas H. Nucleic acid-sensing Toll-
like receptors 3, 7 and 8 in esophageal epithelium, Barrett's
esophagus, dysplasia and adenocarcinoma. Oncolmmunology.
2016; 5: e1127495.

Huhta H, Helminen O, Lehenkari PP, Saarnio J, Karttunen
TJ, Kauppila JH. Toll-like receptors 1, 2, 4 and 6 in
esophageal epithelium, Barrett's esophagus, dysplasia and
adenocarcinoma. Oncotarget. 2016; 7: 23658-23667. doi:
10.18632/oncotarget.8151.

Odze RD. Barrett esophagus: histology and pathology for
the clinician. Nat Rev. Gastroenterol Hepatol. 2009; 6:
478-490.

Reid BJ, Haggitt RC, Rubin CE, Roth G, Surawicz
CM, Van Belle G, Lewin K, Weinstein WM, Antonioli
DA, Goldman H. Observer variation in the diagnosis of
dysplasia in Barrett's esophagus. Human Pathol. 1988; 19:
166-178.

www.impactjournals.com/oncotarget

66877

Oncotarget



