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Aberrant tetranectin expression in human breast
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Aims: Tetranectin (TN), a plasminogen kringle 4 binding protein, is thought to play a prominent role in the
regulation of proteolytic processes via binding to plasminogen. The aim of this study was to evaluate the
expression of TN in human breast cancer and adjacent normal breast tissue and to determine the impact of
this expression on survival.

Methods: A retrospective andlysis was performed on 189 patients with breast cancer, with a median
follow up time of 10.6 years. The expression of TN was assessed in tumour tissue and adjacent normall
breast tissue by immunohistochemistry, and the prognostic relevance of its expression in tumour cells was
evaluated.

Results: TN was highly expressed in connective tissue fibres surrounding normal breast epithelium, but not
in normal epithelial cells. High expression of TN in tumour cells was found in 131 (69%) of the tumour
samples. By western blot analysis, no significant difference in the amount and molecular weight of TN was
seen between tumour tissue and normal fissue. Strong TN immunoreactivity in tumour tissue was predictive
of poor disease free and tumour specific overall survival. By multivariate analysis, high TN expression in
cancer cells was an independent prognostic factor for disease free and tumour specific overall survival.
Conclusions: Our results demonstrate differential TN expression in normal and moﬁgnont breast tissue and
a prognostic impact of TN protein expression in breast carcinoma tissue. These data suggest a possible
role of TN in invasiveness and the metastatic spread of human breast cancer.

and can be detected in serum and the extracellular

matrix. TN is composed of three identical, non-
covalently linked 20 kDa subunits, and binds to the
fourth kringle domain of plasminogen, which stimulates
plasminogen activation in vitro. The human TN gene has
been localised to 3p-p21.3 and consists of three exons.'
Each separate exon encodes specific functional domains.
The short exon 1 encodes the heparin binding site of TN.
The second exon encodes an o helix protein, which
governs the trimerisation of TN monomers by assembling
them into a triple helical coiled structural element. The
final exon encodes a C-type lectin-like domain, homo-
logous to the carbohydrate recognition domains of
calcium dependent animal lectins.” In addition, O linked
glycosylation of the TN molecule at threonine 4 has been
described.’ *

The TN protein interacts with complex sulfated polysac-
charides,”® in a lysine sensitive way, specifically with
apolipoprotein a,” and in a calcium dependent fashion
with fibrin.* TN is produced by many different cell types,
including monocytes,” neutrophils,' and fibroblasts."
Furthermore, TN is a crucial component of the extra-
cellular matrix during muscle cell development and
regeneration."”” This protein is also expressed during bone
development and has been proposed to have a role in
mineralisation during osteogenesis.”” The distinct binding
properties of TN to plasminogen and its expression in
normal tissue development point to an important
physiological function of TN in tissue formation and
repair. Indeed, the concentration of TN in serum
decreases greatly after myocardial infarction,' suggesting
consumption of circulating soluble TN during myocardial
repair.

Tetranectin (TN) is a member of the C-type lectin family

"“Several investigators have reported that plasma and
serum tetranectin concentrations in patients with malignant
tumours correlate with disease stage and survival”

TN has also been detected in malignant tissues, particularly
tumours of the breast, colon, stomach, and ovary, whereas no
TN immunoreactivity was seen in the corresponding normal
epithelium of the breast, colon, or ovary."””"” Notably, TN was
colocalised together with plasminogen at the invasion front
of cutaneous melanomas.'® Several investigators have
reported that plasma and serum TN concentrations in
patients with malignant tumours correlate with disease stage
and survival."”** Others found that TN expression in tumour
tissue correlated with tumour histological grading.”” The aim
of our study was to evaluate the expression of TN in breast
cancer tissue and in adjacent normal breast tissue and to
investigate its role as a prognostic marker.

MATERIAL AND METHODS

Tissue samples and patient characteristics

Formalin fixed, paraffin wax embedded samples from 189
patients with breast cancer were obtained from the
Department of Pathology, University of Innsbruck, Austria.
Only tissue specimens from patients without evidence of
distant metastasis, without locally advanced disease, and
with axillary lymph node dissection at the time of diagnosis
were included in our study. The median age of the patient
population at diagnosis was 54.6 years (range, 29-85). Eighty
three patients were younger than 50 years and were

Abbreviations: TBS, Tris buffered saline; TBS-T, Tris buffered saline plus
Tween; TN, tetranectin
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considered premenopausal. One hundred and six patients
were postmenopausal. One hundred and one patients (53%)
were node positive and 88 (47%) node negative. Hormone
receptor status was evaluated biochemically by the dextran
charcoal method. Seventy five (46%) of 162 patients with
documented treatment schedules received adjuvant treat-
ment (chemotherapy and/or antihormonal treatment). After
diagnosis and primary surgery, the clinical status was
documented by re-evaluating each patient at least once a
year at the department of surgery, University of Innsbruck.
The follow up procedure included physical examination,
mammography, abdominal ultrasound, and chest radio-
graphy. The median follow up time was 10.6 years (range,
3-20). Tumour recurrence was defined as the advent of local
relapse or distant metastases.

Immunohistochemistry

For immunohistochemistry, a monoclonal antibody (Statens
Serum Institute, Copenhagen, Denmark) against TN was
used. This antibody was characterised and has been tested for
immunohistochemistry with proper controls.” Tissue sections
(5 um thick) were dewaxed and blocked in methanol
containing 30% hydrogen peroxide for 20 minutes. Slides
were pretreated in citrate buffer (pH = 6) at 80°C for 15
minutes, incubated with the primary monoclonal antibody
(dilution, 1/100) for 30 minutes, washed, and incubated with
the Envision Kit from Dako (Dako, Glostrup, Denmark) for
60 minutes. Thereafter, the immunohistochemical reaction
was developed with diaminobenzidine solution containing
30% hydrogen peroxide (Sigma-Aldrich Chemicals, Vienna,
Austria). Finally, the slides were counterstained with
haemalaun solution, dehydrated in graded alcohols, and
coverslipped with a permanent mounting medium.

Evaluation of tissue slides

The immunostaining was evaluated with a light microscope
(Olympus BX-50) by two of the authors (PO and GS)
independently in a blinded fashion. When the two authors
disagreed about the score, the slides were reinvestigated by
both observers on a multiheaded microscope so that a
consensus could be achieved. Normal breast tissue surround-
ing carcinoma could be evaluated in specimens from 176
patients. The staining intensity was classified as follows: 0,
no staining; 1, weak staining; 2, intermediate staining; 3,
strong staining. In addition, the percentage of positive
tumour cells was calculated. “High” TN expression was
arbitrarily defined as a tumour showing at least intermediate
staining intensity in more than 50% of cells. All cases below
this cutoff point were considered as “low’” expression. When
evaluating the connective tissue, only the staining intensity
was determined. “High” TN expression was defined as
moderate to strong staining, and “low” TN expression as
no to weak staining.

Immunoblot analysis

Western blot analysis of TN and o tubulin was performed as
follows: breast cancer tissues, which were morphologically
controlled by routine frozen section, were homogenised in
RIPA buffer in a blender (Ultraturx; IKA, Vienna, Austria) on
ice. Thereafter, the homogenate was centrifuged, the super-
natant was collected, and the protein concentration was
determined according to the Bradford method (Biorad).
Equivalent amounts of supernatant containing 30 pug of
protein were separated in 12% sodium dodecyl sulfate
polyacrylamide gel on a minigel apparatus (Novex,
Groningen, the Netherlands) and transferred on to a
nitrocellulose membrane (Schleicher and Schuell, Einbeck,
Germany) using a blot chamber (Novex). After blocking with
Tris buffered saline (TBS) containing 5% skimmed milk
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powder (Fluka, St Louis, Missouri, USA) at room tempera-
ture for two hours, the membrane was incubated with
the primary antibody at the appropriate dilution: either
TN monoclonal antibody (Statens Serum Institute; dilution,
1/200) or mouse anti-o tubulin monoclonal antibody (Sigma;
dilution, 1/2000). After three wash steps with TBS 1%
Tween-20 (TBS-T), membranes were incubated with the
following IgG horseradish peroxidase conjugates: donkey
antigoat (dilution, 1/500) and rabbit antimouse (Sigma;
dilution, 1/500), for two hours at room temperature, and
washed three times in TBS-T. The immunoblots were
visualised by enhanced chemiluminescence (Amersham,
Little Chalfont, Buckinghamshire, UK).

Statistical methods

Statistical analysis was performed with SPSS for Windows.
The primary end points in our study were disease free
survival and overall survival. Thus, survival curves were
calculated according to the method of Kaplan and Meier.
p Values were evaluated using the log rank test for censored
survival data. The follow up time was censored if the patient
was lost to follow up. Patients who died without documented
disease recurrence (n = 11) were considered censored for
disease free survival but were excluded for tumour specific
overall survival analysis. The relation between TN expression
and clinical or tumour parameters was calculated by means
of the % test.

RESULTS

Expression of TN in breast carcinoma specimens

In tumour adjacent normal breast tissue, high TN expression
was mainly found in the connective tissue fibres surrounding
normal ducts and lobules (fig 1A). In fact, 158 (90%) of the
176 valuable samples revealed high TN expression of the
connective tissue, whereas only 18 (10%) showed high TN
expression in normal breast epithelial cells. In contrast, high
TN expression was found in the malignant cells of 131 (69%)
tumour samples (fig 1B); however, only seven (4%) of the
tumour samples revealed high TN expression in the
connective tissue surrounding the cancer cells. Of note, TN
expression in malignant breast epithelial cells was most
pronounced at the invasive front of the tumour lesions. To
compare TN protein expression in normal and malignant
tissue, we examined protein extracted from breast carcinoma
lesions and matched normal breast tissue by western
blotting. Overall, the TN protein content and the molecular
weight of TN was not different between malignant and
normal tissue (fig 2).

Correlation between TN expression in tumour tissue
and clinical outcome

The median follow up time was 10.6 years (range, 3-20).
Patients whose tumours had high TN expression had a
significantly reduced disease free (p = 0.006; log rank test;
fig 3) and tumour specific overall survival (p = 0;02; log
rank test; fig 4) compared with patients whose tumour cells
showed low TN expression. For patients with high TN
expression, the median disease free survival was 110 months,
but was not reached for patients with low TN expression.
Median overall survival of patients with high TN expression
was 143 months and was not reached for patients with low
TN expression.

By univariate analysis, no correlation was found between
TN expression and conventional clinical or tumour para-
meters, such as age at diagnosis, menopausal status, nodal
status, histological grading, or hormone receptor expression
(table 1). The only correlation found was between TN
expression and histological subtype. Invasive ductal carcino-
mas showed the highest proportion of high TN expressors. By
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(A) Normal breast tissue with strong staining for tetranectin
(TN) in connective tissue fibres. The epithelial component exhibits no TN
expression; original magnification, x200. (B) Immunohistochemical
detection of TN expression in breast cancer tissue. The positive reaction
is related fo the epithelial component, whereas the desmoplastic stroma
between the atypical glands lacks TN expression; original magnification,
x200.

Figure 1

multivariate analysis, TN overexpression was found to be an
independent prognostic parameter for disease free survival
and tumour specific overall survival (table 2).

DISCUSSION
In our present study, we report for the first time the
differential expression of stromal and epithelial TN in normal
and malignant breast tissue and a prognostic impact of TN
protein expression for human breast carcinoma. In normal
breast tissue adjacent to primary breast carcinomas, staining
for TN is predominantly localised to the stromal compart-
ment, whereas in malignant tissue TN is mainly expressed by
breast carcinoma cells.

TN, a plasminogen kringle 4 binding C-type lectin, was first
identified in 1986.” To date, the biological function of TN has
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Figure 2 Western blot andlysis of tetranectin expression in breast
cancer tissue compared with matched normall tissue. This figure depicts
the results of five representative cases with breast cancer (1-5); n,
normal tissue; t, tumour tissue.
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Figure 3 Expression of fetranectin (TN) in tumour cells as a prognostic
marker for disease free survival in 189 patients with breast cancer.

not been fully elucidated. Several functions have been
assigned to this protein. Deletion of TN gene function in
mice resulted in spinal deformity without pathological
changes of the musculature. Furthermore, loss of TN led to
a softening of the extracellular matrix in bone by aberrant
proteolytic processes.”” Because proteolytic acitivity is essen-
tial for cell motility and migration it is tempting to speculate
that in the tumour environment, TN may influence proteo-
lytic processes during tumour cell invasion and metastatic
spread.”’ ** Proteolytic enzymes and receptors necessary for
cellular invasion can be activated either by invading tumour
cells or by adjacent stromal cells. TN released from cancer or
stroma cells can activate plasminogen via tissue plasminogen
activator release, and trigger proteolysis of collagen, proteo-
glycans, or other extracellular matrix proteins. In addition,
TN can stimulate the activity of proangiogenic factors, either
by their proteolytic cleavage into active forms,**' »*** or by
activating tissue plasminogen activator.”
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Figure 4 Expression of tetranectin (TN) in tumour cells as a prognostic
marker for tumour specific overall survival in 178 patients with breast
cancer. Eleven patients without documented disease recurrence at the
time of death were excluded from this analysis.
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Table 1 Relation between tetranectin expression and conventional clinical or tumour
parameters

Tetranectin expression
Low High
Characteristics Patients (N) N % N % p Value
Age at diagnosis
<50 83 29 35 54 65 0.262
=50 106 29 27 77 73
Histological type
Ductal 132 34 26 98 74 0.039
Lobular 38 14 37 24 63
Other types 19 10 53 9 47
Histological grade
| 10 4 40 6 60 0.772
1 114 34 30 80 70
1l 59 17 29 42 71
NE 6
Nodal status
pNO 88 29 33 59 67 0.528
pN1/2/3 101 29 29 72 71
Tumour size
<2cm 71 21 30 50 70 0.585
2-5cm 92 27 29 65 71
>5cm 8 1 12 7 88
Unknown 18
Oestrogen receptor (ER)
ER neg: 0-9 fmol 37 13 35 24 65 0.322
ER pos: >9 fmol 127 34 27 93 73
Unknown 25
Progesterone receptor (PR)
PR neg: 0-9 fmol 54 12 22 42 78 0.202
PR pos: >9 fmol 110 35 32 75 68
Unknown 25
The %2 test was used to calculate the p values. Unknown cases were excluded from the p value calculation.
NE, not evaluable.

Serum concentrations of soluble TN were found to be reported for the expression of tissue plasminogen activator in
decreased in patients with breast, colon, endometrial, and breast carcinoma.*
ovarian carcinoma.** *’*?** Higher TN concentrations in
serum indicated a more favourable prognosis. Moreover, . .
\ prog : : “Our results in breast cancer suggest that during
soluble TN values were found to be a significant predictor of . . . .

. . . . . carcinogenesis and tumour progression, fetranectin pro-
chemoresponsiveness in patients with metastatic breast .9 . oL
cancer.” duction is shifted from the stromal to the eplthe||a|

‘ 1

Our results in breast cancer suggest that during carcino- compartment
genesis and tumour progression, TN production is shifted
from the stromal to the epithelial compartment. However, the
total amount of TN in breast carcinomas, as demonstrated by
western blot analysis, does not differ from adjacent normal
breast tissue. These findings are concordant with those

Previous studies of TN expression in normal breast tissue
revealed a faintly perceptible staining of epithelium and a
moderate immunoreactivity of stromal components.” Our
findings in tumour specimens containing malignant and
adjacent normal tissue are in keeping with these obser-
vations. Costantini ef al reported strong expression of

Table 2 Multivariate analysis of various prognostic

markers including tetranectin (TN) expression Take home messages

DFS DSOS
pValue RR 95% Cl  p Value RR 95% CI ® In normal breast tissue adjacent to primary breast
N 0005 21 12134 0002 26 1447 carcinomas, staining for tetranectin (TN) was predo-
loaal srarus .| . .4 10 9. .| 8 A4, o ]
TN overexpression  0.03 2.0 111039 002 2.3 1.1-4.6 minantly localised to the stromal compartment,
Tumour size whereas in malignant tissue TN was mainly expressed
<2emv2-5em NS NS by breast carcinoma cells
<2emv>5cm 0.02 31 1.2t07.8 0.02 3.0 1.2-7.7 o St N i i i H
Histological grade  0.02 1.8 1.0t0 3.9 0.001 2.6 1.5-4.5 iemng) immunoreactivify In tumour fissue was
v i predictive of poor disease free and tumour specific
Progesterone NS NS overall survival
f S .
Sif,ffgen receptor NS NS e TN may p|ay a role in invasiveness and the metastatic

spread of human breast cancer
Cl, confidence interval; NS, not significant; RR, relative risk. ° Lqrger studies WI" be needed before the N mquer can

Patients who died without documented disease recurrence (n = 11) were b d dditi ool to i th H
Considered Censored for diSeGSe Free SUrViVQI, bU' were eXCIUded [Or € use asana Ifional fool o Improve = prognos IC

disease specific overall survival analysis. evaluation of human breast cancer
DFS, disease free survival; DSOS, disease specific overall survival.
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plasminogen activators in the epithelial component of
tumour samples, whereas the desmoplastic stroma exhibited
a positive reaction for fibrinogen and its D fragment,
plasmin.*

The clinical relevance of TN expression in breast cancer is
most evident from its prognostic impact. High TN expression
in breast cancer was shown to be an indicator of poor disease
free and tumour specific survival independent from tumour
stage, histological grading, nodal and hormone receptor
status.

In summary, our findings suggest an important role for TN
in breast cancer biology. Confirmatory studies in larger
patient populations will be necessary before the TN marker
can be used as an additional tool to improve the prognostic
evaluation of human breast cancer.
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