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Abstract

Aim—To describe the pattern of distribu-
tion of thrombospondin (TSP1) and its
receptors, avp3 integrin and CD36, in
normal human thyroid tissue and to com-
pare their expression in different benign
and malignant thyroid conditions.
Methods—Immunohistochemistry was
used to study TSP1 and its receptors in 40
surgical thyroidectomy specimens (nor-
mal parenchyma, 7; follicular adenoma, 4;
multinodular goitre, 13; papillary carci-
noma, 6; follicular carcinoma, 8; anaplas-
tic carcinoma, 2).

Results—In the normal thyroid paren-
chyma, there was weak expression of
TSP1 limited to the vessels with no stain-
ing of the extracellular matrix. In goitres,
the expression of TSP1 was more pro-
nounced in areas of fibrosis, with staining
of avf3 on thyrocytes located in the vicin-
ity. In thyroid adenomas, expression of
TSP1 was slightly enhanced compared
with normal tissue, located in the base-
ment membrane of vessels. In papillary
carcinomas, TSP1 was abundant in the
desmoplastic stroma with a cytoplasmic
distribution of avp3 integrin in thyrocytes.
In follicular carcinomas, TSP1 was less
abundant in the extracellular matrix, lim-
ited to the vessels of the stroma with a
weaker expression of avp3 on thyrocytes
than in papillary carcinomas. In anaplas-
tic carcinomas, TSP1 was only present in
the numerous capillaries of the stroma,
with a marked positivity for avp3 in one
case. No immunostaining of thyrocytes is
observed with CD36.

Conclusions—These results suggest the
importance of the interaction between
avp3 integrin and TSP1 during remodel-
ling of the matrix in fibrous goitres with
areas of early sclerosis comparable with
wound healing. In papillary carcinomas,
the overexpression of TSP1 restricted to
the stroma suggests protective effects
against tumour progression.

(¥ Clin Pathol 1999;52:895-900)
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Thrombospondin (TSP) is a large trimeric
modular glycoprotein that is a major component
of platelet a granules.! TSP possesses at least
four adhesive domains or sequences including a
heparin binding amino terminal, a CSVTCG-
sequence (Cys-Ser—Val-Thr-Cys-Gly), an

RGD sequence (Arg-Gly—Asp), and a carboxy
terminal domain.” > The CSVTCG sequence is
responsible for the interaction of TSP with
CD36 (GPIV).!

CD36 was the first non-integrin receptor for
TSP1 to be described. Expression of CD36 on
cells is not always correlated with an increase in
TSP1 binding as specific conformation of
phosphorylation states of CD36 is required for
the binding.’

The deduced amino acid sequence of TSP1
revealed the presence of an RGDA sequence
immediately distal to the calcium binding
region of the protein.® Lawler and colleagues
have evaluated the effect of the RGD peptide
on the interactions between TSPl and its
receptors in a variety of cells including human
endothelial cells and platelets.” * They observed
that the interaction of cells with TSP is
mediated by RGD as well as by calcium
dependent mechanisms. They reported that
TSP is specifically yielded on the receptor of
vitronectin, the ovp3 integrin. The avp3 is
present in a variety of cells that bind TSP and
serves as cellular receptor for this molecule.’ Its
expression has been directly related to the
tumorigenicity of malignant cells.’

TSP1 is a modulator of angiogenesis, with
complex pleiotropic effects on endothelial
cells.” Tuszynski and Nicosia hypothesised
that TSP1 promotes angiogenesis by stimulat-
ing myofibroblasts, which in turn produce ang-
iogenic factors.'” TSP1 promotes the adhesion
and motility of a number of cell lines in vitro."

TSP is synthesised and secreted by a variety
of normal cells such as pneumocytes, endothe-
lial cells, macrophages, fibroblasts, smooth
muscle cells, chondrocytes, and mesangial
cells, as well as by various tumour cell lines
including melanomas and carcinomas.'* "

TSP1 is considered to be a component of the
extracellular matrix in many human tissues'’
and is involved in a variety of pathophysio-
logical processes such as wound healing,' "’
angiogenesis,'® tumorigenesis,”” and tumour
cell metastasis.”” TSP1 has been shown to pro-
mote the attachment and spread of tumour
cells in vitro and to potentiate tumour cell
metastasis in mice."” In human breast cancer,
TSP1 is present in the desmoplastic stroma®
and also in the cytosol of malignant breast
tissue.” Specific tissue localisation of TSP1 in
thyroid tissue has not yet been identified.

Methods

Forty cases were studied from surgical speci-
mens of thyroidectomy. The material consisted
of seven “normal” samples of thyroid paren-
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Figure 1 TSPI1 Immunostaining of normal thyroid parenchyma showing no
immunoreactivity in the extracellular matrix.
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Figure 3 TSPI Immunostaining in the area of fibrosis of goitres.

chyma adjacent to adenoma or carcinoma; four
follicular adenomas including one micro- and
macrofollicular variant, two oxyphilic variants,
and one trabecular variant; 13 multinodular
and adenomatoid goitres; six papillary carcino-
mas including one case with lymph node
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metastases; eight follicular carcinomas; and
two anaplastic carcinomas.

Representative fresh tissue samples were
snap frozen in liquid nitrogen cooled isopen-
tane and stored at —80°C. They were cut in 7-8
um thick sections, fixed in acetone for 10 min-
utes, and air dried. The immunohistochemical
investigations were performed using the la-
belled streptavidin-biotin method (LSAB Kkit,
Dakopatts).

The antibodies were used at the following
dilutions: thrombospondin (TSP1) mono-
clonal (Sigma): 1/1000; CD 36 monoclonal
(Immunotech): 1/100; B, integrin (CD61)
monoclonal (Euromedex): 1/100; aV integrin
monoclonal (Chemicon): 1/100; avB3 integrin
(CD51/CD61) monoclonal (Chemicon):
1/200.

For each sample, controls were performed
using either normal or rabbit serum to
substitute for the primary antibodies, and
platelet concentrate smears for anti-TSP1 and
avP3 integrin. Thyroid samples containing
capillary blood vessels served as internal
positive controls for CD36. In addition,
controls were performed by blocking anti-
TSP1 antibody with purified soluble TSP1.

The intensity of the staining was evaluated
with a four point semiquantitative scoring: no
immunostaining, 0; weak positivity, +; strong
positivity, ++; very strong positivity, +++.

Results

In normal thyroid parenchyma TSP1 was not
found in the extracellular matrix (fig 1) but was
limited to the wall of the vessels (arterioles and
venules) with staining of smooth muscle and
endothelial cells. CD36 was restricted to the
endothelial cells of main vessels of all types (fig
2). avB3 Integrin was present in some vessels
and focally in some thyroid cells in four cases
where the staining was restricted to the baso-
lateral cell membrane.

In goitres, TSP1 was revealed in areas of
fibrosis, often richly vascularised, where the
endothelial cells were also stained (fig 3). The
thyrocytes and some endothelial cells ex-
pressed aVB3 receptors in the vicinity of TSP1
staining (fig 4). CD36 was restricted to the
endothelial cells of capillaries. In adenomas,
TSP1 was contiguous to the basement mem-
brane and more pronounced in oxyphilic
adenomas. avVf3 integrin was expressed in one
case of follicular adenoma with a diffuse cyto-
plasmic expression and absent from thyrocytes
of oxyphilic variants.

In thyroid carcinomas, the staining of TSP1
was enhanced in comparison with benign
thyroid lesions (score +++). TSP1 was strongly
expressed in papillary carcinomas with a
desmoplastic stroma but thyrocytes were nega-
tive around these stromal areas (fig 5). The
expression in the extracellular matrix was vari-
able and correlated with the extent of the
stroma. In the only case of lymph node meta-
stasis studied was TSP1 staining observed in
the stroma. When the tumour was less
differentiated, the expression of TSP1 was
scarce and focal. The expression of avf3
integrin by thyrocytes was correlated with that
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Figure 4 av3 Immunostaining of thyrocytes of the same specimen as in fig 3.
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Figure 6 avB3 Immunostaining of thyrocytes of the same specimen as in fig 5.
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of TSP1 staining (fig 6). We observed a loss of
cell polarity, with a cytoplasmic positivity. No
immunostaining was seen with CD36. In
follicular carcinomas, TSP1 was present locally
in richly vascularised fibrous areas and in
endothelial cells of the neighbouring capillary
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vessels (fig 7). The expression of CD36 was
restricted to the capillary vessels (fig 8). In
contrast, avp3 integrin was focally expressed
by the thyrocytes. In anaplastic carcinomas,
TSP1 was negative on thyrocytes but was
present in the numerous capillaries of the
stroma. On the other hand avf3 integrin
marked endothelial cells; avB3 integrin was
present on thyrocytes in one of the two cases
studied.

The distribution of av and B3 integrin sub-
units, as revealed with specific monoclonal
antibodies, was similar to that obtained with
anti-avB3 (data not shown) except that the
staining was more pronounced with anti-av
than anti-B3 subunit integrin. The intensity of
staining and the localisation of TSP1 and its
receptors in normal thyroid and pathological
conditions are summarised in table 1.

Discussion

We have investigated the distribution of throm-
bospondin 1 and its receptors CD36 and avp3
integrin in normal thyroid and in benign and
malignant thyroid tumours. To our knowledge
no previous study has shown the presence of
TSP1 in normal thyroid tissue, with different
expression in various pathological conditions.

We have previously reported from the results
of thyroid cell culture that in vivo TSP1 might
play a role in the folliculogenesis and the
differentiation of thyroid and epithelial cells,
because TSP1 induced the disruption of
follicles, caused cell migration, and inhibited
protein iodination.” In addition, TSP1 expres-
sion was correlated with cell migration and
proliferation.*

In the present study, we have shown that
there is no expression of TSP1 in the extracel-
lular matrix of the human normal thyroid
tissue. These data corroborate the fact that, in
culture, thyroid cells that are organised into
follicular-like structures did not express
TSP1.»*

Several studies have implicated TSP1 in the
angiogenic process.'’ '** For instance, in-
creased expression of TSP1 has been shown
immunohistochemically in newly formed ves-
sels of healing wounds'® and a transient expres-
sion of avB3 integrin on vascular cells has been
found during wound repair,” suggesting that
the transient expression of TSP1 and avf3
integrin are correlated in early events in wound
healing.

In goitres, there is an ischaemic injury during
enlargement (follicular hyperplasia) that in-
duces rupture of follicles and vessels, followed
by haemorrhage. This tissue destruction, with
damage to both parenchymal cells and the
stromal framework, is repaired by the replace-
ment of the injured tissue by an extracellular
matrix which in time accumulates and pro-
duces fibrosis. These scars include angiogen-
esis migration and proliferation of fibroblasts.
These processes are controlled by integrins,
especially avf3, which is critical for the forma-
tion and maintenance of newly formed blood
vessels,” and also by matricellular proteins
including TSP1, Sparc (osteonectin), and
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be able to promote angiogenesis through an
indirect mechanism involving fibroblasts,
which in turn produce angiogenic factors in
response to TSP1.” TSP1 may promote
angiogenesis directly by stabilising neovessels.”

In goitres the presence of newly formed
vessels expressing av3 integrin in early fibrosis
allows one to compare it with granulation tissue
which is formed during wound repair. In our
study, some aspects of the pathophysiological
mechanisms observed in goitres are quite similar
to those observed in wound healing.'®

Pratt et al found high levels of TSP1 in
malignant cell breast secretions and cytosols in
the central part of the tumour mass.” They
suggested that activation of the endothelium
may be responsible at least in part for the high
levels of TSP1 found in malignant breast tissue
and could be a factor in the growth and spread
of breast cancer. Excessive deposits of TSP1
are also present in the desmoplastic stroma of
human breast carcinomas, whereas normal
breast tissue shows no TSP1 staining.”> More
recently, Clezardin et a/ have found that
invasive ductal carcinoma cells do not express
TSP1.” In addition, TSP1 expression was
found to be restricted to invasive lobular carci-
noma cells, suggesting a different distribution
between invasive ductal carcinoma and lobular
carcinoma. In a more recent paper, these
investigators have shown that the amount of
TSP1 mRNA expression increased with the
extent of the stroma and microvessel density.”
Furthermore TSP1 modulates angiogenesis,
possibly through an indirect mechanism in-
volving fibroblasts.” These observations are in
agreement with our results showing that
human thyroid papillary carcinomas express
more TSP1 than other types of invasive thyroid
carcinoma. Papillary thyroid carcinoma is the
most common malignant tumour of the thyroid
gland, with an excellent overall prognosis (98%
Table 1 _Immunolocalisation and semiquantitative evaluation of TSP1 and its receptorsin 10 year survival).> Since 1966, all the thyroid
normal thyroid and in thyroid tumours carcinomas of the French region Champagne
Ardenne have been registered and followed

Figure 8 CD36 Staining of the same specimen as in fig 7.

ror b3 f “ /s up.”” All six cases of papillary carcinoma stud-

gocf:;::)thyfdd ;‘/ EC *\*] 3f+ 3?* ied with high expression of TSP1 in the stroma
are still alive. Like TSP1 expression in the

Adenoma Oto+ + TCOw+ TC+ TC+ desmoplastic stroma of invasive ductal breast
(4 cases) V+ EC v V+ V+ carcinoma, TSP1 is also associated with the
Goitre Fto++ + + (focal) TC+ TC+ richly vascularised desmoplastic areas of papil-
(13 cases) v EC TC \% v+ lary thyroid carcinoma. The prognosis of
Papillary carcinoma et . . et NG+ folllcular garcinomas is worse tpan that of pap-
(6 cases) V+EMC EC NC NC Vet illary carcinomas, correlated with the extent of
. the tumour.”® In follicular carcinomas, TSP1

hy‘;l;:)“"de metastasis - LTTEMC EC NC A xe expression is less abundant and restricted to
areas of richly vascularised stroma without

Follicular carcinoma + (focal) + Oto+ Oto+ Oto+ desmoplasia_ One of the eight patients died two
(8 cases) v EC NC NC V#NC+  vears after the initial diagnosis with an
Anaplastic carcinoma e + Oto+ + Oto+ extensive tumour invading the jugular vein.
(2 cases) v EC v v V+ NC+ This case had focal TSP1 expression of the
EC, endothelial cells; EMC, extracellular matrix; NC, neoplastic cells; TC, thyroid cells; V, stroma and weak avp3 integrin expression.
vessels. These observations suggest that TSP1 present

) ) = o in the desmoplastic stroma of papillary carci-
Tenascin C, which destabilise cell matrix inter- noma and correlated with avB3 expression

actions and therefore promote angiogenesis.”  might be considered a protective factor against

The complex mechanism of angiogenesis tumour progression. We propose, as suggested
needs proangiogenic and antiangiogenic fac- by Clezardin et al,”” that TSP1 may possess a
tors. Among these, TSP1 has been shown to tumour inhibitory function through the regula-
possess antiangiogenic activities,” ** but also to  tion of tumour neovascularity. Direct evidence
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of the tumour inhibitory effects of TSP1 comes
from the transfection experiments in human
breast carcinoma lines.”® However, despite high
levels of TSP1, angiogenesis is stimulated in
papillary thyroid carcinomas, suggesting that
other factors are involved in the regulation of
this process.

We only studied two cases of anaplastic thy-
roid carcinoma. In one of these there was weak
expression of TSP1 restricted to the endothe-
lial cells of the capillaries in the stroma and in
the other, weak expression of avf3 on
thyrocytes. These two patients died five and six
months, respectively, after the initial diagnosis.

Similarly, in bladder carcinomas, Grossfeld
et al showed that TSP1 expression was associ-
ated with a lower probability of disease
progression and an increased probability of
survival. In our study, despite the small
number of cases, the association of TSP1 with
desmoplasia in the stroma of papillary carcino-
mas seemed to be an indicator of good progno-
sis, in comparison with follicular and anaplastic
carcinomas with a poor stroma.

TSP1 may act not only by interacting with its
receptors but also with components of the
extracellular matrix and by interfering with the
urokinase mediated plasminogen activation
(uPA) system.* In this respect, the differential
expression of a truncated form of the urokinase
type plasminogen activator receptor, uPA-R, in
normal and tumour thyroid cells has recently
been reported.*

Papillary carcinoma cells express large
amounts of the truncated uPA-R form,
whereas follicular carcinoma cells express the
intact form. It was suggested that the tendency
of tumour cells to invade blood vessels and to
metastasise is correlated with the expression of
the intact form of uPA-R and with its binding
to both vitronectin and uPA, which amplifies
extracellular proteolysis. The potential role of
TSP1 as a modulator of this activation system
and tumour progression is under investigation.

CONCLUSIONS

It has previously been reported that TSP1 is
expressed in various tissues that are undergo-
ing rapid change. Chronological and topo-
graphic restrictions are often observed. We
show for the first time that this also occurs in
early scars in goitres and in the process of active
remodelling of the matrix in some thyroid car-
cinomas with desmoplastic and richly vascular-
ised stroma, such as papillary carcinomas.

No definite conclusions can be drawn at
present as to the diagnostic value of these find-
ings in thyroid pathology, in particular in
differentiating papillary from follicular carcino-
mas. This study suggests some distinctive
features of the biological behaviour of papillary
carcinomas in comparison with other thyroid
carcinomas.
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