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We were previously investigating the expression of the extracellular matrix glycoprotein tenascin
in normal and malignant endometrial tissues of humans and rodents. These studies suggested that
the expression of tenascin was induced by proliferating epithelia (normal and particularly malig-
nant) and was downregulated with their differentiation. The aim of this study was to investigate the
hormone dependency of tenascin expression in (a) the transplantable EnDA endometrial tumor
model with or without estrogen deprivation (ovariectomy) of the animals, (b) DMBA-induced rat
mammary tumors with or without a hormonal treatment of the animals [ovariectomy, antiestrogen
(tamoxifen) or antiprogestin (ZK 98299) treatment] and (c) in the rat prostate of untreated or
androgen deprived animals (orchiectomy, flutamide-, casodex- or cyproterone acetate (CPA)-
treatment). 1. Estrogen withdrawal by ovariectomy did not affect tenascin expression in trans-
plantable EnDA endometrial adenocarcinoma, meaning the entire extracellular space of the stromal
mesenchyme was decorated by tenascin immunoreactivity. 2. In untreated DMBA-induced rat
mammary tumors almost the entire extracellular space of the stroma was stained by tenascin
immunoreactivity. Ovariectomy and antiestrogen treatment did not affect tenascin expression.
In contrast, antiprogestin treatment induced terminal differentiation of mammary tumor cells
and in parallel downregulated tenascin expression. 3. In the normal rat prostate no tenascin was
detectable by immunocytochemistry. However, following androgen deprivation we found tenascin
expression in the stroma of the prostate. The most prominent expression was observable after
CPA-treatment, possibly due to its progestagenic potency. In conclusion, the hormones and
antihormones tested show no direct effect on the stromal expression of tenascin. However, prolifer-
ative activity and a low degree of differentiation of the epithelium induces tenascin expression,
whereas epithelial differentiation apparently shuts down tenascin expression. Preliminary in vitro
studies suggest that paracrine acting growth factors trigger the hormonal regulation of tenascin
expression.
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INTRODUCTION expression. Earlier studies with breast and endometrial
tissue of humans and rodents suggested both a corre-
lation of tenascin expression with the hormonal status
of the tissue and the proliferative activity of the
tissue [4—9]. In normal tissues of both organs tenascin
expression was highest while the tissue was actively
proliferating during the menstrual cycle and decreased
while the differentiation of the tissue occurred. An

even more pronounced expression of tenascin can be

Tenascin/hexabrachion protein is a significant extra-
cellular Matrix (ECM) glycoprotein with a restricted
temporal expression pattern and a restricted tissue
distribution [1, 2]. So far tenascin has exclusively been
localized in mesenchymal tissue compartments, pre-
dominantly during fetal development and oncogenesis
[3] and only in low amounts in normal adult tissues.

We are interested in hormonal aspects of tenascin
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detected in proliferative diseases of the endometrial and
breast tissue. Since tenascin expression increases fol-
lowing the process of carcinogenesis from normal tissue
to precancerous proliferative lesions and carcinomas of
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the organ [4-9] it is tempting to assume that tenascin
expression rather is under the control of the hormon-
ally induced state of differentiation of the tissue than
under direct hormonal control.

To further dissect the two possibilities of tenascin
being a hormonally regulated gene or of tenascin
being expressed as a function of hormonally alterated
differentiation status of a hormone dependent tissue
we examined three additional models, the proliferation
or differentiation of which is under hormonal control:
(a) the EnDA endometrial adenocarcinoma [10, 11],
(b) the antiprogestin-induced terminal differentiation
of DMBA-induced rat mammary tumors [12-14]
and (c) the rat prostate with or without androgen
ablation and resulting apoptosis, involution and
dedifferentiation [15, 16].

MATERIALS AND METHODS
Antisera

A polyclonal antihuman tenascin antibody was used,
kindly provided by Dr H. P. Erickson (Duke Univer-
sity, Durham, NC, U.S.A.). This antibody was raised
in rabbits to tenascin purified from human foreskin
fibroblast cultures [17].

Animals

Female DA/Han rats, female SD rats and male
Han/Wistar rats (all from Central Institute for Lab-
oratory Animal Breeding, Hannover, Germany) were
used.

Hormonal treatment

EnDA endometrial adenocarcinoma. In two series
of experiments of hormonal treatment of the EnDA
tumor 40 female DA/Han rats were inoculated subcu-
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Fig. 1. Tenascin in rat endometrial adenocarcinoma: 5 gm thick paraffin sections of the EnDA enmodmetrial

tumor were stained for tenascin immunoreactivity as described in Materials and Methods. Staining product

in an untreated control tumor (a), in a tumor grown in an ovariectomized animal without estradiol

substitution (b) and in a tumor grown in an ovariectomized animal with estradiol substitution (c) is shown.
Calibration bars represent 0.1 mm.
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taneously in the hind limb with a piece of EnDA tumor.
10 animals without treatment were used as untreated
control group. 20 animals were treated by ovariectomy
prior to tumor inoculation, 10 of them were substituted
with estradiol and 10 intact animals received estradiol
undecylate.

DMBA -induced mammary carcinoma of the SD-rat.
Female Sprague-Dawley (SD) rats were given a single
dose of 10 mg DMBA dissolved in 0.5 ml oil by gavage
at the age of 50 days. The rats were examined for
tumors by palpation once a week. Animals with at least
one tumor with a tumor area of more than 150 mm?
were randomly assigned to experimental groups.
Tumor area was determined by caliper measurements
and expressed as the product of the longest diameter
and its perpendicular. Tamoxifen (5 or 10 mg/kg/day)
and ZK 98.299 (3, 5 or 10mg/kg/day) s.c. 6 times
a week were dissolved in oil (10% benzylbenzoate)
and administered daily (0, 1ml/100g body wt) for
4 weeks. Tumor area was measured weekly. At the start
of therapy the tumor area of all tumors in one animal
was termed 100%. The change of tumor area was
calculated in terms of this value and is displayed for
each animal. There was an approximately equal distri-
bution of tumors of different latencies, numbers of
tumors and total tumor areas amongst all experimental
groups.

Antiandrogen treatment of male Wistar rats. As
experimental conditions of androgen ablation surgical
and pharmacological procedures were choosen. In a
first set of experiments intact rats of a body weight
of approx. 200 g (Wistar, Schering AG) were either
orchiectomized by the scrotal route or pharmacologi-
cally castrated: the latter animals were treated with
flutamide (1 mg/animal/day), casodex (in doses of 1,
3 and 10 mg/animal/day) or CPA (3 mg/animal/day).




Stromal Expression of Tenascin

All compounds were synthesized at Schering, dissolved
and were given subcutaneously over a period of 14
days in Castor oil and benzyl benzoate (80:20). These
antiandrogens were used since they cover the range of
equivalent antiandrogenic effectiveness in the classical
antiandrogenic rat test model (see below). In a second
set of experiments the expression of tenascin was
analyzed in ventral areas of prostates in the classical
antiandrogen test model (Neumann and Steinbeck
1974). Therefore, rats were orchiectomized, substi-
tuted with testosterone proprionate (TP; 0, 1 mg/
animal/day) either alone or in combination with CPA
(3 mg/animal/day) or casodex. After a treatment period
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of 7 days animals were sacrificed, the ventral prostates
were dissected and fixed.

Immunohistochemistry

After deparaffination 5 um thick paraffin sections
were treated for 30 min with 19, pronase at room
temperature and thereafter incubated for 1 h at room
temperature with the antihuman-tenascin antibody
diluted 1:500 in RPMI medium containing 109,
human serum. Thereafter sections were rinsed for
10 min with Tris buffered saline (TBS) with three
changes of buffer. For detection of tenascin, sections
were incubated with a goat antirabbit IgG antibody

Fig. 2. Tenascin in DMBA-induced rat mammary carcinoma: 5 gm thick paraffin sections of DMBA-induced
rat mammary tumors were stained for tenascin immunoreactivity as described in Materials and Methods. The
immunolocalization for tenascin immunoreactivity is shown for an untreated control tumor (a), for a tumor
grown in an ovariectomized animal (b), for a tumor treated with the antiestrogen tamoxifen (c) and for a
tumor after treatment with the antiprogestin ZK 98 299 (d). Calibration bar represents 1 mm.
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labeled with alkaline phosphatase (Dianova, Hamburg)
diluted 1:500 with RPMI containing 10%, human
serum. After the next wash in TBS alkaline phospha-
tase was visualized as described in the manufacturers
manual for the pico-blue detection kit (Stratagene,
Heidelberg, Germany) or with the Neufuchsin method
[19]. Depending on the color dye used to visualize
alkaline phosphatase slides were subsequently counter-
stained with Azokarmin G or Hematoxylin and
mounted. As a control parallel sections were treated
with secondary reagents only to test for endogenous
alkaline phosphatase.

For evaluation and dependent on the experiment,
stained sections were examined by two or three
independent investigators. Scoring comprised localiz-
ation and distribution of the staining product (entire
extracellular matrix of the stroma versus band-like
distribution of the reaction product or association
of immunoreactivity to collagenous fibers) and
particularly staining intensity.

RESULTS

We examined hormonal influences on tenascin
expression in three experimental models in which the
proliferation and/or differentiation is under hormonal
control: (1) the EnDA rat endometrial adenocarcinoma,
(2) the DMBA-induced rat mammary tumor, and
(3) the normal rat prostate.

Tenascin expression in the EnDA endometrial adeno-
carcinoma

The growth of this transplantable tumor model is
under the control of estrogens. As described else-
where [10] estrogen withdrawal by ovariectomy or
antiestrogens resulted in a reduction of tumor weight.
Substitution of ovariectomized animals with estradiol
induced a tumor growth comparable to untreated
control animals. However, none of the treatments
exerted an effect on the gross morphology of the tumor
(Table 1, Fig. 1). Examination of tenascin immuno-
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reactivity in untreated control tumors [Fig. 1(a)],
in tumors grown in ovariectomized animals with
[Fig. 1(b)] or without [Fig. 1(c)] estradiol substitution
led to an almost identical staining pattern with the
staining product confined to the extracellular space of
the stroma surrounding the tumor. Arbitrarily judge-
ment of the staining intensity revealed slightly stronger
staining intensities at sites where the tumor was in the
process of invading neighbouring tissue compartments.

Tenascin expression in DMBA -induced rat mammary
tumors

We examined the influence of ovariectomy, anti-
estrogen- (tamoxifen) and antiprogestin- (ZK 98299)
treatment on tenascin expression in DMBA-induced
rat mammary tumors. Each treatment protocol reduced
tumor growth compared to untreated control tumors.
As shown previously, the following consecutive order
of tumor inhibitory potency was detectable: ovari-
ectomy > antiprogestin treatment > antiestrogen treat-
ment [12-14, 20, 21]. Despite the growth inhibitory
potency of ovariectomy and tamoxifen treatment the
gross morphology, if compared to untreated control
groups remained unaffected by these two treatments
(Table 1). In contrast, antiprogestin treatment induced
and resulted in terminal differentiation of the epithelial
tumor cells (Table 1; [13, 14, 21]).

Localization of tenascin immunoreactivity revealed
an exclusive staining of the extracellular space of the
stroma surrounding the tumor (Fig. 2). The reaction
product decorated almost the entire extracellular space
of the stroma in cases of untreated control tumors
[Fig. 2(a)}, in tumors grown in ovariectomized animals
[Fig. 2(b)], and in tumors grown in tamoxifen treated
animals [Fig. 2(c)]. Conversely, after antiprogestin
treatment in tumors composed of terminally differ-
entiated tumor cells we detected little if any staining
product [Fig. 2(d)].

In the uterus of these animals antiprogestin treat-
ment led to a permanent estrogenic effect in the uterus
with an increase in the weight of the tissue. We

Table 1. Tenascin expression in three hormonal dependent growing experimental models

Tissue Hormonal treatment
EnDA rat endometrial adenocarcinoma None
Ovariectomy

Ovariectomy + estradiol

None
Ovariectomy

DMBA-induced rat mammary carcinoma

Antiestrogen (tamoxifen)
Antiprogestin (ZK 98299)

None
Orchiectomy
Casodex
Flutamide
Cyproterone acetate

Normal rat prostate

Differentiation Tenascin expression
Moderately differentiated tumor High
Moderately-poorly differentiated tumor High
Moderately differentiated tumor High
Moderately differentiated tumor High
Moderately differentiated tumor High
Moderately differentiated tumor High

Terminal differentiation of tumor cells Down regulated

Highly differentiated Marginally
Atrophy and dedifferentiation Induced
Atrophy and dedifferentiation Induced
Atrophy and dedifferentiation Induced

Atrophy and dedifferentiation Highly induced

Tenascin expression in the EnDA rat endometrial adenocarcinoma, the DMBA-induced rat mammary carcinoma and the
normal rat prostate was examined by immunocytochemistry. The table summarizes the hormonal effects on the
differentiation of the endometrial tumors (histological staging), the mammary tumors [13, 14, 20, 21], the involuting

prostate [15, 16, 22] and on tenascin expression.
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addressed the question whether or not this unopposed
estrogenic stimulus affects tenascin expression. Neither
the endometrium of untreated animals [Fig. 3(a)],
nor the endometrium of antiprogestin treated animals
[Fig. 3(b)] showed any detectable amounts of tenascin
immunoreactivity. This finding was not completely
unexpected since glands clearly showed some indi-
cations of secretory activity that would render them
functionally differentiated.

Effects of androgen withdrawal on tenascin expression in
the rat prostate

Androgen ablation by orchiectomy or by anti-
androgen treatment resulted in a reduction of prostate
weight. The relative potency of this effect that was
variable from one treatment group to the other.
None of the hormonal treatments was as effective as
orchiectomy in reducing relative prostate weight. CPA
and high doses of casodex exhibited an almost equal
potency, whereas flutamide and low doses of casodex
only marginally reduced the relative prostate weight.
However, each treatment induced involution of the
prostate and rendered the tissue less differentiated
(Fig. 4).

With respect to tenascin immunocytochemistry,
in the normal prostate we hardly ever detected any
tenascin reaction product [Fig. 4(a)]. Orchiectomy
[Fig. 4(b)], treatment with flutamide [Fig. 4(c) and
treatment with casodex Fig. 4(d)] induced tenascin
expression in the prostate with the reaction product
confined to collagenous fibers within the stroma sur-
rounding glands. However, in the above treatment
groups staining of tenascin in the prostates of treated
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animals was variable both in respect to localization and
quantity of the reaction product. Some prostates in
these treatment groups showed only staining around
some glands or some groups of glands, others almost
around each individual gland.

The most uniform staining pattern, with the reaction
product around most of the glands in combination with
the highest staining intensity was seen in prostates
of animals treated with cyproterone acetate [Fig. 4(e
and f)]. In summary, these experiments showed that
androgen ablation induces tenascin expression in the
prostate. Additionally, our experiments demonstrate
that both localization of the staining product and
the staining intensity are dependent on the treatment
applied.

DISCUSSION

Earlier investigations of our own group and by others
indicated that the expression of the extracellular matrix
glycoprotein tenascin to some degree correlates with
the hormonal status of glandular tissues [4-9], strongly
correlates with the proliferative activity of glandular
tissues and in particular, inversely correlates with
the differentiation of the tissue. With the study pre-
sented here we attempted to discriminate between two
theoretically existing hormonal control mechanisms
of tenascin expression, (1) tenascin being a hormone
dependent gene, and (2) tenascin expression reflecting
secondary effects following hormonal stimulation of
proliferation and/or differentiation. For this purpose
we examined tenascin expression by immunocyto-
chemistry in three experimental models: (a) the EnDA

Fig. 3. Antiprogestin effects on tenascin in the uterus of animals bearing DMBA-induced mammary
carcinoma: 5 um thick paraffin sections of the uterus derived from animals bearing DMBA-induced
mammary tumors were stained for tenascin immunoreactivity as described in Materials and Methods. The
treatment lead to a permanent estrogenic effect in the uterus with an increase in the size and the weight of
the tissue. Neither the endometrium of untreated animals (a), nor the endometrium of antiprogestin treated
animals (b) showed any detectable amounts of tenascin immunoreactivity. Calibration bars represent 1 mm.
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rat endometrial adenocarcinoma, (b) the DMBA-
induced rat mammary tumor and (c) the normal rat
prostate. We were particularly interested to find out how
hormonal treatments would affect tenascin expression.

The most clearcut effects of hormonal involvement
on tenascin expression were detectable in DMBA-
induced rat mammary tumors. Antiprogestin-induced
terminal differentiation of tumor cells was associated
with a gradual reduction of tenascin expression which
terminated with an almost complete disappearance of
the staining product in some apparently secretory
active areas of the tumor. Reduction of tumor growth
alone without alteration of the differentiation status of
the tumor tissue had no effect on tenascin expression.
It would be interesting to know how a complete
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block of mitosis would interfere with tenascin
expression.

In line with our findings in DMBA-induced rat
mammary tumors are the findings in the EnDA
endometrial adenocarcinoma. Estrogen withdrawal by
ovariectomy resulted in a strong reduction of the tumor
growth but had no effect on tenascin expression.
Additionally, substitution of castrated or intact animals
with estradiol undecylate had no potentiating effect
on tenascin expression. Conversely, as a side effect in
our treatment studies of DMBA-induced rat mammary
carcinomas we observed that antiprogestin treatment
transformed the endometrium into a highly differenti-
ated, secretorily active tissue, rather than into a prolif-

erating one [14]. Therefore, a significant expression of

fz’

Fig. 4. Expression of tenascin in rat prostates: 5 gm thick paraffin sections of the rat prostate were stained
for tenascin immunoreactivity as described in Materials and Methods. Androgen ablation lead to tenascin
expression. We show tenascin immunoreactivity in an intact prostate (a), in a prostate after orchiectomy of
the animal (b) and after treatment of the animals with the following antiandrogens: flutamide (c), casodex
(d) and Cyproterone Acetate (e,f). Calibration bars represent 1 mm (a-d) and 0.1 mm (e,f), respectively.
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tenascin in the uterus of antiprogestin treated animals
could not be expected although the unopposed estro-
genic effect led to an increase in uterine weight.

Tumors as highly proliferating tissues exhibited an
abundant expression of tenascin. Conversely, in the
highly differentiated normal prostate only a marginal
amount of tenascin immunoreactivity was detectable.
Androgen ablation in the prostate activates pro-
grammed cell death [22], induces temporally discrete
biochemical events [16] which finally lead to the
regression of the prostate gland leaving the tissue in
a less differentiated or more or less undifferentiated
status. In association with these processes tenascin is
expressed and its expression apparently is independent
of the mode of hormon ablation (orchiectomy or
antihormon treatment).

In summary, our findings clearly favor the interpret-
ation that hormonal effects on tenascin expression
are not direct and tenascin therefore represents not a
hormone dependent gene, which is in accordance with
investigation of the 5’-region of the tenascin gene in
which no hormone responsive element was detectable
[23]. This interpretation is substantiated by findings
in uterine derived tissue that neither estrogens nor
antiestrogens had an effect on tenascin expression.
In contrast tenascin expression is strongly coupled to
processes of differentiation as shown for antiprogestin
treatment of DMBA-induced rat mammary tumors,
which in turn down regulated tenascin expression.
Tenascin expression is additionally positively associ-
ated with processes of dedifferentiation as shown
after androgen ablation in the rat prostate. Of course,
in the experimental models studied differentiation
or dedifferentiation are under hormonal control. In
conclusion, a hormonal treatment will affect tenascin
expression, whenever the hormonal treatment
additionally affects the differentiation status of a
glandular tissue.

Finally, possible molecular mechanisms underlying
tenascin expression have to be discussed. As can be
deduced from data in the literature it is most likely that
paracrine acting growth factors [24, 25] and possibly
other cellular interactions [26] participate in tenascin
expression. These two models are particularly attrac-
tive to explain tenascin expression because in the
examined experimental model systems the expression
of growth factors like TGF-f and other growth factors
could be under hormonal control [27-29].

Additionally, it is well established that epithelial/
mesenchymal interactions are a prerequisite for hor-
mones to control tissue function of the endometrium
[30, 31] and of the prostate [32-34]. From this litera-
ture data one can deduce that the hormonal manipula-
tions in our experimental models interfere with growth
factor expression and/or cellular communication of
epithelial and mesenchymal tissue compartments and
only in the second line lead to induction or down
regulation of tenascin expression.

In conclusion, it appears rather unlikely that
tenascin is a hormone inducible gene. However,
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tenascin expression is strongly and inversely correlated
to the differentiation status of glandular tissues and
represents a very sensitive tool to monitor whether
a hormonal treatment affects the differentiation of a
glandular tissue.
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