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Introduction

Activation and enhanced migration of cells in the embry-
onic period, during wound healing and progression of
malignant neoplasia are associated with distinct patterns of
extracellular matrix (ECM) composition compared to adult
and normal status.7,10 One of the ECM proteins that appears
in variable patterns during development and tumor pro-
gression is tenascin-C (TN) a large disulfide-bonded gly-
coprotein. The predominant form of TN observed by elec-
tron microscopy is a six-armed oligomer. Human TN
shows a single prominent band at 320 kDa and minor
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Tenascin is generally classified as an anti-adhesive
protein. Many cells do not adhere to tenascin or if
they adhere they do not spread. In this study we
analysed the stromal expression of tenascin-C in
primary, second primary and recurrent breast carci-
nomas and the ability of tenascin-C to stimulate the
focal adhesion plaques in MDA-MB-435 breast car-
cinoma cell line. To assess the tenascin-C expres-
sion formalin-fixed, paraffin-embedded specimens
of 20 specially selected breast carcinomas and their
recurrences (14) or a second primary breast cancer
of the same patient (6) were examined with
immunohistochemical methods. We also studied
the effect of tenascin-C on focal adhesion plaques
added to MDA-MB-435 breast carcinoma cell line.

During a median 2,9-year patient follow up 14 local
recurrences and 6-second primary breast carcino-
mas developed in the 20 patients. In 3 cases a sec-
ond recurrence occurred. The presence of tenascin
in tumor cells, in the proliferating and some nor-
mal ducts, near to the tumor cell nests, in the stro-
ma and in ductal carcinoma in situ component of
the invasive carcinoma may suggest the role of
tenascin played in tumor cell migration. Soluble
tenascin added to the cell culture had minimal or
no effect on focal adhesion plaques. Tenascin only
seems not to be of prognostic value in predicting
the local recurrence of breast cancer. (Pathology
Oncology Research Vol 6, No 3, 202–209, 2000)
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bands of 220 and 230 kDa on reducing polyacrylamide gel
electrophoresis.30

What is the secret of TN? A wide range of studies aim-
ing to clarify the role of this ECM glycoprotein in cellu-
lar functions has been published. TN is expressed in
association with mesenchymal/epithelial interactions
during development,11,32, in the neovasculature33 and the
stroma of some tumors.1,22 In breast, TN was initially
observed selectively in the condensed stroma near bud-
ding epithelial cells of developing mammary ducts and
also in the stroma of malignant tumors.22 The most con-
sistent function of TN seems to be that it decreases cell
adhesion, or it has been suggested that TN could pro-
mote cancer cell invasion and metastasis.26,36 Experi-
ments with substrates coated with TN and fibronectin
(FN) have shown that TN inhibits the attachment of
fibroblasts on FN or laminin.6 A weak or transient
attachment would be expected when a cell expresses
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receptors for the substrate molecule. In vitro TN binds to
immobilised FN8 and to cell surface proteoglycans.4

Other data provide evidence of adhesive domains of TN
that interact with chondroitin sulphate or with RGD
(Arg-Gly-Asp) -sensitive integrin.1 Several authors have
presented a functional antagonism between TN and
FN.14,17,21,37 Soluble TN inhibits the adhesion of human
mammary carcinoma cells 7 to FN-coated plastic and to
collagen gels. Other authors reported no effect of soluble
TN on initial adhesion of fibroblast to FN.32 Some data
demonstrate that TN, thrombospondin and SPARC act as
soluble ligands, being able to provoke loss of focal adhe-
sion in well-spread endothelial cells.23 Cell culture
experiments suggest that TN promote cell growth by
augmenting the mitogenic effect of fibroblast growth
factor and that this is a prerequisite for epidermal growth
factor induced proliferation.26,36 These various approach-
es have been taken to elucidate the roles that TN might
play in regulatory cell behaviour, detachment and loss of
intercellular contacts, inhibition of cell migration and
spreading. 

The aim of this work was to assess the relationship
between the expression of TN in breast tumors and some
biological variables and to compare its usefulness in pre-
dicting local recurrences. 

Closer to understand Getter the role of TN played in
breast cancers, the ability of TN to stimulate the focal
adhesion in MDA-MB-435 breast carcinoma cell line was
also analysed.

Materials and Methods

Surgical breast cancer specimens were examined biop-
sy from 20 female patients (age range 37–86 years). The
mean follow-up period of the patients was 2,9 years,
ranging from 1 to 10 years. During this period 14
patients of 20 from local recurrences and 3 of them had
a second recurrence; 6 developed a second primary
breast carcinoma. Both the recurrences and the second
primary tumors were analysed. 

Three µm thick sections were cut from formalin fixed
(4%, neutrally buffered), paraffin embedded samples.
Tubule formation, nuclear morphology and mitotic rate
were evaluated and scored in the neoplastic cells accord-
ing to the modified grading scheme of Bloom and
Richardson12. The nodal status was analysed in 11/20
cases in primary tumors (Table 1).

Cells

MDA-MB-435 human breast cancer cells24,27,34,35 were
cultured in Dulbeco Modified Eagle Medium (DMEM)
(GIBCO) supplemented with 10% Fetal Calf Serum (FCS),
1 mM pyruvate and antibiotics free.

Materials and Antibodies

The purified TN preparations were obtained from Sigma
and from Chemicon. Monoclonal anti-vinculin (clone No.
hVIN-1 from Sigma Chemical Co.) and Phalloidin Rho-
damin (Molecular Probes) were used. Two antibodies
derived from two different clones, both of mouse origin:
DB7 (BioGenex), and TN2 (DAKO) were used for
immunohistochemical detection of TN. Biotin conjugat-
ed secondary antibody (AMERSHAM) and Streptavidin-
FITC (AMERSHAM) were used for vinculin detection.
For TN detection biotinylated secondary antibody (Bio-
Genex), Streptavidin Peroxidase (BioGenex) and strept-
ABComplex-AP (DAKO) were used.

Immunofluorescence

MDA-MB-435 cells were grown for 24 h on glass cover-
slips in complete medium. Cells were treated for 10 min, 30
min 1h and 2h with 10, 20, 100, 200 µg/ml soluble TN. Cells
were then rinsed with phosphate buffered saline (PBS), fixed
with 1% paraformaldehide /PBS 10 min, washed in PBS
(3x), permeabilized with 0,04% Triton-X 2 min. and then
stained with phalloidin rhodamin for 1h at room tempera-
ture. After washing in PBS (3x), cells were incubated with
anti-vinculin monoclonal antibody (1:100 in PBS) for 1h at
room temperature, washed in PBS (3x), incubated with goat
anti-mouse IgG-biotin conjugate, diluted 1:100 in PBS for
30 min and finally incubated with Streptavidin-FITC diluted
1:100 in PBS for 1h. Coverslips were mounted with fluores-
cent mounting medium (DAKO) on glass slides. Negative
controls were incubated in absence of primary antibody.
Stained specimens were analysed on laser scanning confocal
microscopy (MRC 1024, BIO-RAD).

For the immunodetection of TN, deparaffinized sections
were treated with pepsin (0,1% in 0,01M HCl) for 50 min-
utes at 37°C. Antibodies were diluted to 1:40 and to 1:25 in
PBS/bovine serum albumin (BSA)/ Sodium azide and sec-
tions were incubated for 90 minutes at 37°C. StrAviGen
MultiLink (Biogenex), and StreptABComplex-AP (DAKO)
were used as secondary antibody. Immunoreaction was
developed with New Fuchsin chromogen substrate (DAKO)
respectively or with 20% 3.3’-diaminobenzidine in distillat-
ed water and 0,2% H2O2. Immunoreaction for TN was eval-
uated in the stroma in a distance of no more than 0.5 mm
from the epithelial elements of the tumor. Two individuals
examined all specimens and stromal TN positivity was
given in %. The presence (+) or absence (0) of TN
immunoreactivity was also scored for epithelial cells, vas-
cular expression and positivity in normal ducts (Table 2).
An average of the two observers’ results was determined for
each slide if interobserver difference was not greater than
20%, otherwise, slides were re-evaluated using multiheaded
discussion microscopy (Olympus, BH2).
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Results

15 of the 20 primary breast carcinomas were invasive
ductal carcinomas, 3 of the 15 contained ductal carcinoma
in situ component, 2 were of mixed type, one was invasive
lobular carcinoma, one neuroendocrine carcinoma and one
was invasive ductal carcinoma with Paget’s disease. The

recurrences appeared between 1–10 years after surgery but
in 9 cases the local recurrences were noted in the first two
years after surgery. 

Typically, the stromal TN expression was focal, often
connecting the ducts of invasive ductal breast carcino-
mas. In some samples (5 cases) TN was not detected
around all the ducts. TN was also observed around the

Table 2. Tenascin immunoreactivity and the analysed tumor types

Cases Tumor type/year of diagnosis
TN expression/positivity

Stromal Epithelial cell In normal ducts Vessels

1 – ILC/1996 0 0 0 0
– IDC+ papillary carcinoma/1997 50–60% 0 0 +

2 – IDC /1995 80% 0 0 0
– post-irradiation fibrosis +IDC/1997 20% in IDC 0 0 0

3 – IDC + ductal papillomatosis/1993 70–80% 0 + 0
– IDC+ DCIS /1995 60–70% 0 0 0

4 – IDC+ DCIS/1994 10–20% + + 0
– tubulo-lobular carcinoma/1995 10% + 0 0
– fibrocystic breast/1997 0 0 + 0

5 – IDC /1994 30–40% + + 0
– recurrent IDC /1995 30% 0 0 0
– second recurrency of IDC /1995 30% 0 0 0

6 – IDC /1994 5% 0 0 0
– recurrent IDC /1996 30–40% 0 0 0

7 – IDC+DCIS /1994 5–10% 0 0 +
– recurrent IDC +DCIS/1995 5% 0 0 +

8 – IDC+DCIS /1995 80% + 0 +
– recurrent IDC+ ILC/1997 30–40% + 0 0

9 –Paget’s disease + IDC/1995 5% + 0 0
– IDC+DCIS /1996 5–10% 0 0 0

10 – IDC /1996 20–30% + 0 0
– recurrent IDC /1997 10% 0 0 +

11 – IDC /1996 10–20% 0 0 0
– recurrent IDC/1997 10% 0 0 0

12 – IDC /1996 70–80% 0 0 0
– recurrent IDC /1997 70% 0 0 0

13 – IDC /1991 70–80% 0 0 0
– recurrent IDC /1997 20% 0 0 0

14 – IDC + mucinosus carcinoma/1993 70% + 0 0
– recurrent IDC + 70% + 0 0
mucinosus carcinoma/1997

15 – IDC /1991 10–20% + 0 0
– recurrent IDC /1997 10% + 0 0

16 –IDC +medullary carcinoma/1994 80–90% 0 0 0
– recurrent IDC /1996 70–80% 0 0 +
– recurrent IDC /1997 80% 0 0 0

17 – IDC /1995 70% 0 0 0
– recurrent IDC/1997 60–70% 0 0 0
– recurrent IDC/1997 50% 0 0 0

18 – IDC/1993 40–50% 0 0 +
– recurrent IDC/1998 70–80% + 0 0

19 – IDC /1989 50–60% 0 + 0
– recurrent IDC / 1998 70% 0 0 0

20 – neuroendocrine carcinoma/1994 10–20% 0 0 +
– IDC/1996 10% 0 0 0
– recurrent IDC /1998 40–50% 0 + 0
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tumor cell nests and around the ductal carcinoma in situ
components of the invasive carcinomas. TN expression
was also found in the wall of small arteries. In 4 cases TN
was present in the primary breast carcinoma in the apical
layer of some normal ducts. (Figure 1). There are no pub-

lished data to suggest whether these cells are going to
proliferate or not in a later phase. Compared to another
series of ours31 in which 10 of 62 cases of primary inva-
sive ductal breast carcinomas presented TN positive
tumors cells, this series contained a high number of cases
showing TN positivity in cancer cells (7/20 in primary
tumors). These TN positive cells were scattered in
tumors, usually at the periphery of tumor cell nests and in
one case these TN positive cells formed a group (Figure
2). In one case microinvasion was observed with TN pos-
itivity around the affected ducts (Figure 3). TN expres-
sion was absent in the single analysed primary invasive
lobular carcinoma. (Table 2)

The nodal status was analysed in 11 of 20 primary
tumors and 6 of them showed metastatic tumor. Different
histological grades of invasive ductal carcinomas did not
differ in their distribution of stromal TN staining. We
could not observe any correlation between the tumor size
and stromal TN expression and between the stromal TN
expression in primary and second primary or recurrent
tumor. The weaker stromal TN positivity in some of the
recurrent tumors may be explained by the reduced stromal
component in second primary or recurrent tumors. There
were no significant differences in staining between the two
antibodies used for TN immunodetection.

The high stromal expression of TN in invasive ductal
breast carcinoma, the TN positivity in epithelial cells, and
in the apical layer of normal ducts provided us with the
rationale to investigate the effect of TN on the organisa-
tion of filamentous actin cytoskeleton and focal adhesion
complexes in the highly invasive MDA-MB-435 breast
carcinoma cell line. The addition of soluble TN to the cell
cultures did not cause a general rounding of tumor cells.

Soluble TN added to well spread breast carcinoma cell
line in 10–20 µg/ml had no significant effect on focal
adhesion plaques nor on phalloidin stained F-actin stress
fibers. No significant effect was observed after a longer
incubation. A slight tendency for reduction of the number
of vinculin plaques was observed at a high concentration
(100 µg/ml) of TN (Figure 4a,b). It is questionable whether
human tumors express this protein in sufficient quantity to
cause reduction in the number of vinculin plaques result-
ing in tumor cell migration. The examination was carried
out with two different TN products simultaneously pro-
vided by two companies (Chemicon, Sigma), both reac-
tions lead to the same results.

Discussion

In some tumors, the stroma accounts for a high proportion
of the entire tumor mass. In tumors of the pancreas, stomach
and breast the stroma may constitute more than 90% of the
tumor. The tumorous stroma shows pronounced changes in
ECM components as compared to normal tissue.18

Figure 1. Paget’s disease + invasive ductal carcinoma. Immu-
nostaining for TN (DAKO) seen in the apical layer of normal
ducts. (x20)

Figure 2. Invasive ductal carcinoma + mucinous carcinoma.
Primary tumor. TN positivity in the tumor cells at the margins
of tumor cell nests. (DAKO) (x20)

Figure 3. Paget’s disease + invasive ductal carcinoma.The lack
of TN at the invasion site. (DAKO) (x20)
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In invasive ductal carcinomas TN expression is found
predominantly in the stroma close to epithelial elements as
opposed to normal and fibrocystic breast where TN is not
expressed stromally. We also found TN expression in
epithelial cells whereas others found a lack of epithelial TN
expression.28 Thus TN appears to be secreted by both
epithelial and stromal elements close to the basement mem-
brane zone.

The presence of TN in the tumor cells at the margins of
tumor cell nests, in ducts, around tumor cell nests and
around in situ carcinomas indicate that TN might be
involved in cancer cell spreading, resulting in
unfavourable prognosis. TN positivity in the apical layer
of normal ducts is of questionable importance. Should TN
be secreted by normal epithelial cells or these cells are in
earlier stage of transforming into cancerous cells? Are
these tumors of higher risk or not? Studies of higher num-
bers of cases (143) suggest that TN positivity in the inva-
sion zone is the only prognostic marker in predicting local
recurrences.16 Yoshida and co-workers36 have found that
cytoplasmic TN positivity indicate poor prognosis. Jahko-
la et al. found that the expression of TN in the invasion
border was the only marker that predicted local recur-
rence. They also suggest that patients with carcinomas
that do not express TN at the invasion border do not need
adjuvant treatments.16 In a study by a Japanese group the
analysed breast carcinomas were classified into three
groups; cancer cell TN (+)/stromal TN (+), cancer cell TN
(-)/stromal TN (+) and cancer cell TN (-) /stromal TN (-).
They found that the group cancer cell TN (+)/ stromal TN
(+) exhibited an increased frequency of lymph node
metastasis and poor outcome.15 Researchers investigating
the capacity of malignant tumor cell lines to secrete TN
have shown that TN was secreted by some tumor cells,
especially those of epithelial origin.18

One consequence of modified ECM in tumors may be
the increased invasive potential of tumor cells.18 TN and
thrombospondin are considered to favour invasion and
modulate sprouting of endothelial cells.2,19 TN, SPARC,
and thrombospondin are considered to diminish the num-
ber of focal adhesions in bovine aortic endothelial cells.25

However, the effect of TN on cells is undoubtedly more
complex. 

TN has been proven to control cell migration, and cul-
ture experiments have demonstrated that both epithelial
and fibroblast cells spread less easily on a substrate coated
with TN.1,25,29

Alteration in cell shape after TN treatment has been
reported in several studies and is related directly to the
number and distribution of focal adhesions on the cell sur-
face.7,25 This structure links ECM glycoproteins and pro-
teoglycans to the cytoskeleton and its associated compo-
nents via several types of integrin. How a molecule as
large as a hexabranchion would be able to intercalate
under the cells and how it acts on the extracellular surface
of the focal adhesion, still remains controversial.

Interaction of TN with a cell surface molecule might
trigger a cytoplasmic signal that alters the cytoskeleton.
Since TN has been shown to alter the integrity of the actin
cytoskeleton it is possible that this molecule modulates
epidermal growth factor signalling through its effect on
the actin cytoskeleton and focal adhesion molecules.23

Publications regarding the attachment behaviour of
some cell cultures have shown that cells secreting TN
alone are round and float in suspension, while cells secret-
ing FN only attach and spread quickly.9,13

Some authors reported that TN reduces focal adhesion
integrity in confluent endothelial and smooth muscle cells
cultures.13 It was also found that TN causes a dose depen-
dent reduction in the number of focal adhesion positive

Figure 4. (a, b) Focal adhesion plaques (yellow-green fluorescence) and microfilament (red fluorescence) distribution in adherent
MDA-MB-435 breast carcinoma cell line as detected by vinculin and rhodamine phalloidin. Adherent cells were fixed with 1%
paraformaldehyde, permeabilized with Triton X-100. (a) Untreated tumor cells (b) Tumor cells treated with 100µg/ml TN (Sigma),
for 10 min. A slight tendency in reduction of the number of vinculin plaques compared to the untreated cells.Laser scanning con-
focal microscopy (MRC 1024, BIO-RAD) 4,2 cm 50 µm

a b



cells to approximately 50% of albumin treated controls. A
maximum response was reported with 20-60µg/ml of sol-
uble TN and the reduction in focal adhesion in TN-treated
cells was observed after 10 min.23

Cells adhere to the ECM proteins FN and TN in part via
the interaction of certain integrins with the RGD sequence.
Interaction between FN type III domains and beta1 inte-
grins mediates focal adhesion kinase phosphorylation and
focal contact adhesion.3 How the number of FN type III
domains of TN influence the binding capacity of TN is
questionable.

Our findings, in concordance with others,32 demonstrat-
ed that the addition of soluble TN-C to the medium had no
or minimal effect on cells and cellular morphology,
although the MDA-MB-435 human breast cancer cell line
does express the v 3 and 21 integrin which bind specificly
to TN.27,29 The increased expression of stromal TN in inva-
sive breast carcinoma and the lack of stromal TN in normal
breast, the presence of TN in ducts and tumor cells may
indicate the possible role played by TN in cancer develop-
ment. The role of TN in cell-cell and cell-matrix interaction
must be more complex and must be influenced by other
extracellular components. However a higher number of
cases should be studied to indicate the real prognostic
importance of TN positivity. Other studies of the TN sub-
types are also necessary. The questions of how TN inter-
acts with other ECM components and how it influences the
tumor cell migration, still remain unanswered. 
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