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ABSTRACT

We have previously shown that thrombospondin (TSP) is present in
normal breast secretions, and high levels of TSP are observed in malignant
breast secretions and cytosols. Three genes encoding for three distinct
TSPs (TSP1, TSP2, TSP3) have recently been described. In this study,
using both immunohistochemistry and in situ hybridization, we report on
the distribution of TSP1 in normal, hyperplastic, and neoplastic human
breast. Its immunolocalization was also compared with that of two known
cell surface receptors for TSP1: CD36 and CD51. In nonlactating ducts of
normal and hyperplastic breast, TSP1 and CD51 are expressed in the
basement membrane and in the basal surface of myoepithelial cells, re
spectively. In lactating adenomas, both TSP1 and CD51 disappear from
the myoepithelial-stromal junction of ducts. However, TSP1 becomes se
lectively expressed at the apices of secretory epithelial cells of lactating
ducts together with CD36, suggesting that the distribution of TSP1and the
appearance of its receptors are dependent on the secretory activity of
human mammary ducts. In neoplastic human breast, a strong immuno-
staining for TSP1 is observed in the basement membrane surrounding in
situ carcinomas (preinvasive cancer), and excessive TSP1 deposits are also
observed in desmoplasia of invasive ductal carcinomas. TSP1 mRNA is
localized in myoepithelial cells surrounding in situ carcinomas and in
fibroblasts present in desmoplastic areas. On the other hand, few invasive
ductal carcinoma cells (10%) express TSP1, while CD51 is moderately
expressed by some neoplastic clusters, and no immunoreactivity is ob
served for CD36. By contrast, TSP1 is codistributed with CD51 in most of
the invasive lobular carcinoma cells (40 to 80%) and with CD36 in a
subpopulation (30 to 40%) of these invasive tumor cells. As previously
observed with lactating adenomas, it is likely that the coexpression of
TSP1 and CD36 is related to the secretory activity of invasive lobular
carcinoma cells. The different distribution of TSP1 in invasive ductal
versus lobular carcinomas may well reflect biological differences between
these two main types of breast carcinoma. In this regard, the coexpression
of TSP1 and CD36 may, in part at least, account for the variably invasive
behavior of lobular carcinoma cells.

INTRODUCTION

TSP1 is a large, trimeric glycoprotein synthesized and secreted by

a wide range of normal and transformed cells, and it is incorporated
into the extracellular matrix (1-3). TSP binds specifically to a variety

of molecules including heparin, fibronectin, vitronectin, collagen (for
review, see Ref. 2), and osteonectin (4). Because of its extremely wide
distribution, TSP has been involved in a variety of physiopathological
contexts such as development (5), wound healing (6), atherosclerosis
(7), angiogenesis (8), tumorigenesis (9), and tumor cell metastasis
(10). In this regard, TSP functions in modulating cellular adhesion (3,
10-15), migration (16), proliferation, and differentiation of tumor

cells (9).
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It is now known that three related but not identical genes for TSP
are expressed in mice (Thbs 1, Thbs 2, and Thbs 3) and humans
(THBS\, THBS2, and THBS3) (17-20). TSP1 and TSP2 are made up
of several protease-resistant domains, including NH2-terminal,
COOH-terminal, and procollagen homology domains, and type I, type
II, and type III repeats (2, 17-20). The three type I repeats share

homology with the human von Willebrand factor, circumsporozoite
proteins from Plasmodium falciparum, and the complement proteins
properdin and factors C6 through C9 (2, 20). The three type II repeats
show homology with epidermal growth factor (2, 20). The type II
repeats are followed by seven type III repeats which constitute the
primary calcium-binding domain of TSPs (2, 20). As opposed toTSPl

and TSP2, TSP3 lacks the procollagen homology domain and type I
repeats and contains four rather than three type II repeats (19). Based
on comparison of cDNA sequences, the NH2 terminus containing the
heparin-binding domain is poorly conserved between TSP1 versus

TSP2 and TSP1 versus TSP3 (38 and 10% identity, respectively) (17,
19, 20). These findings suggest that TSP2 and TSP3 may not be
heparin-binding proteins or may bind less well to heparin compared
with TSP1 (17, 20). In addition to the heparin-binding domain which

binds heparin sulfate proteoglycans (11) and sulfatides (12), TSP I and
TSP2 contain binding sites for three other cellular receptors: the
Arg-Gly-Asp sequence which binds to CD51/CD61 (the avÃŸ3inte-
grin) (13), the Val-Thr-Cys-Gly sequence which binds to CD36 (also
named platelet GPIIIb) (21, 22), and the COOH-terminal domain

which binds a M, 105,000/80,000 receptor (14). Not all of these
interactions occur in all cells, and it is possible that separate cell
surface receptors are used in a cooperative manner to bind TSP1 and
TSP2 (15). Moreover, TSP3 lacks the Val-Thr-Cys-Gly sequence
which is present in type I repeats and the Arg-Gly-Asp sequence

which is present in the last type III repeats of TSP1 and TSP2 (19).
The existence of at least three structurally and genetically distinct
TSPs suggests therefore that any given TSP must have a specific
function on some domains of TSP that are lacking in others. It is also
possible that TSP1, TSP2, and TSP3 are regulated in a cell type-

specific fashion (20).
We previously reported that TSP is present in normal breast secre

tions (23), and high levels of TSP are observed in malignant breast
secretions and cytosols (23, 24). A recent immunohistochemical study
has demonstrated that excessive TSP deposits are present in the des
moplastic stroma of human breast carcinomas, whereas normal breast
tissue exhibits no TSP staining (25). However, the source(s) and the
type(s) of TSP expressed in normal and neoplastic breast tissues are
not known nor is there any indication of the function of TSP in this
context. CD36 has been related to a mammary epithelial cell surface
protein present in breast secretions, namely PAS-IV (26, 27). Both
CD36 and PAS-IV interact with TSP (21, 22, 28). However, the
function of PAS-IV in normal and malignant breast tissues is not
known. The distribution of some adhesive proteins (fibronectin, lami-

nin, tenascin) and integrins (including CD51) has also been described
in normal breast tissue and reported to be altered in human breast
carcinomas (29-31). In the present study, using immunohistochemis

try and in situ hybridization, we have investigated the expression of
TSP1 and the distribution of two of its cell surface receptors (CD36,
CD51) in normal, hyperplastic and neoplastic human breast.

1421

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/53/6/1421/2453427/cr0530061421.pdf by guest on 19 M

ay 2023



THROMBOSPONDIN. CD36. AND CDS I IN BREAST CARCINOMAS

Fig. 1. Tissue sections of normal and neoplastia breast immunostained with a negative control mouse monoclonal antibody directed against rat K light chains. No staining was
observed. A and B, normal ducts observed at original magnifications (X 160 and X 500), respectively; C and D, in situ carcinoma observed at original magnifications (X 160 and x
500), respectively; E and F, invasive carcinoma observed at original magnifications (X 160 and X 500). respectively.

MATERIALS AND METHODS

Antibodies. Mouse monoclonal antibodies PIO and PI2 are directed
against human blood platelet TSPI. The characterization and specificity of
these antibodies have been described earlier (32). Mouse anti-TSP monoclonal
antibodies MA-I and MA-II (33) were kindly provided by Dr. Jack Lawler of
Brigham and Women's Hospital, Boston, MA. The epitope for MA-I is in the

sequence DFDHDSUP (residues 915-922) of the type III repeats and that for
MA-II is IEDANLIP (residues 43-50) in the heparin-binding domain of TSPI.

Comparison of amino acid sequences of TSPI. TSP2. and TSP3 indicates that
MA-II is specific for TSPI. Mouse monoclonal antibodies FA6-152 and

OKM5. which are directed against CD36 (34. 35), were purchased from
Immunotech (France) and Ortho Diagnostics Systems, respectively. Mouse
monoclonal antibody LM142 specific for CD5I (36), the integrin subunit o^,
was a gift of Dr. David Cheresh, Scripps Clinic and Research Foundation, La
Jolla. CA. Mouse monoclonal antibody MARK I directed against rat K light
chains was purchased from Immunotech (France). Rabbit anti-mouse IgG was
from Dakopatt (Copenhagen. Denmark). Goat anti-rabbit IgG conjugated with

horseradish peroxidase was from Clonatech (Paris, France).
Immunohistochemistry. Breast tissue was obtained from tumorectomies

and systematized mammary exÃ©rÃ¨ses.Benign lesions included adenomas (n =
2), fibroadenoma (n = I), and cystic disease (n = 1). Borderline lesions
included ADH (n = 1) and cystosarcoma phyllode (n = 1). Malignant tumors

Table 1 Normal breast and benign and borderline lesions

NormalbreastCystic

disease6Fibroadenoma

''Lactating

adenoma'1ADH'Cystosarcoma

phyllode'"

A moderate toTSPI+

in the basement
membrane ofducts++

in the basement
membrane ofducts++

in the basement
membrane ofducts++

at the apices
ofluminalepithelial

cells
+++ in the

basement
membrane ofducts++

in the basement
membrane ofductsstrong

staining (+/++) w<CD36"---++

at the apices
ofluminalepithelial

cells
++ in fibroblasts

surrounding
ductsâ€”CDS!+

in myoepithelial
cells, +/- inluminalcells+

Â¡nmyoepithelial
cells, +/- inluminalcells+

in myoepithelial
cells, +/- inluminalcells-+

in myoepithelial
cells, +/- in luminal

cellsâ€”is

always observed in endothelial cells and in
membranes of adipocytes.

h Benign lesions.
' Borderline lesions.
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THROMBOSPONDIN. CD36. AND CD5I IN BREAST CARCINOMAS

Fig. 2. A. normal duct immunostained forTSP; staining is found as a broad pale line in the basement membrane of ducts (arrow), while the surrounding stroma is negative. Original
magnification. X 4(M).R. normal duct immunostained for CD51 (the o\ integrin suhunit); staining is mostly localized in the basal surfaces of myoepithelial cells (arrow), whereas the
reactivity is weaker in luminal epithelial cells of ducts (arrowhead). Original magnification. X 160. C. normal duct immunostained for CD36; no reactivity is observed in the duct.
However, CD36 is expressed in endothelia! cells (arrow) and adipocytes (arrowhead). Original magnification, X 4(X). I), fibroadenoma immunostained forTSP; staining is present
as a broad line in the basement membrane immediately adjacent to the basal surfaces of myoepithelial cells {arrow}. Original magnification, X 500. E. fibroadenoma immunostained
for CD5I; staining was moderately expressed in myoepithelial cells U//rmr). Original magnification. X 5(X). f-\ fibroadenoma immunostained tor CD36; reactivity is only observed

in endothelial cells (arrow) and adipocytes (arrowhead). Original magnification, X 500. G, lactating adenoma immunostained for TSF; TSP becomes strongly expressed at the apical
surface of luminal epithelial cells (arrow), while the basement membrane is completely negative (arrowhead). Original magnification, X 500. //, laclating adenoma immunostained
for CD51 ; no reactivity is observed. Original magnification, x 500. /, lactating adenoma immunostained for CD36; strong staining is observed at the apices of luminal epithelial cells
(arrow). Original magnification, X 500.

comprised invasive ductal carcinomas NOS in = 12), invasive comedocarci-

nomas (invasive ductal carcinoma with dominant in xitii comedocarcinomas)
(n = 2), mucinous carcinomas (n = 3), medullary carcinomas (n = 2),
invasive ductal carcinoma with squamous metaplasia (;i = I), and invasive
lobular carcinomas (n = 5). Invasive lobular carcinomas, invasive ductal

carcinomas NOS. and mucinous carcinomas were obtained from systematized
mammary excision specimens or tumorectomies in postmenopausal women
(aged 49 to 82 yr). Tissues were snap fro/en in liquid nitrogen-cooled isopen-

tane and subsequently stored in liquid nitrogen until used.
Fro/en sections (5 to 8 urn thick) were cut in a cryostat at -20Â°C, air dried

2 h at room temperature, and fixed in cold acetone for 10 min. Immunostaining
was carried out as follows. Tissue sections were incubated with the primary
antibody previously diluted at a concentration of O.I ug/ml in PBS. pH 7.2.
containing 1% (mass/vol.) bovine serum albumin. At this stage, a negative
control was included using monoclonal antibody MARK 1 (0.1 ug/ml) which
is directed against rat K light chains. After 30-min incubation, tissue sections

were washed 3 times with PBS (2 min/wash) and incubated for 30 min with a
rabbit anti-mouse IgG [diluted to 1:80 in PBS containing 25% (v/v) human

serum AB]. After washing 3 times with PBS, slides were incubated for 30 min
with a goat anti-rabbit IgG conjugated with horseradish peroxidase [diluted to

1:80 in PBS containing 25% (v/v) human serum AB]. The washing procedure
was repeated, and the reaction was revealed with a solution of 10 mg of
3,3'-diaminoben/idine tetrahydrochloride (Sigma) in 10 ml of 0.05 M Tris

buffer. pH 7.6. containing 10 ul of 30% H2O;. The reaction was stopped after
8 min by washing in tap water. Sections were then briefly counterstained with
Mayer's hematoxylin, dehydrated in a graded alcohol series, cleared in methyl

cyclohexane, and mounted. Incubation with the different antibodies was al
ways performed at room temperature in a humidified chamber.

Sections were considered as positive or negative according to the presence
or absence of specific staining when compared to the staining obtained with
control antibody MARK 1. The intensity of the staining was scored arbitrarily
as follows: very strong ( + + + ); strong ( + + ); weak ( + ); equivocal ( +/-): and
negative (-). Sections were evaluated on two different occasions by three of us

(P. C.. L. F., M. C.). In case of disagreement between examiners, slides were
reviewed and a consensus opinion obtained.

In Situ Hybridization. Human TSP cDNA clone M9 was kindly provided
by Dr. J. Lawler of Brigham and Women Hospital. Boston. MA. M9 codes for
the NH: terminus of TSPI (A(-15) to W (355)] (37). The cDNA was inserted
into the Eci>R\ site of pGEM-2 (Promega Biotec) and used to derived antisense
and sense probes. RNA probes were generated using 100 uCi of [a-'5S]UTP
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THROMBOSPONDIN. CD36. AND CDS I IN BREAST CARCINOMAS

Fig. 3. Ductal carcinoma NOS immunostained for TSR In A. a striking increase in
stromal TSPis observed in the desmoplastic region of the tumor (arrow], while in B, distal
stromal regions are negative (arrowhead). Original magnifications (or A and ÃŸare X 160
and X 63, respectively.

and either SP6 or T7 polymerases. The pGEM-2/TSP construct was linearized

with ÃŸiimHland transcribed with SP6 RNA polymerase (Boehringer Mann
heim. France) to obtain an antisense probe. Alternatively, the pGEM-2/TSP

construct was linearized with Spii I and transcribed with T7 RNA polymerase
to obtain a sense probe.

Breast tumors were fixed overnight at 4Â°Cin PBS, pH 7.2, containing 4c/c

paratbrmaldehyde. dehydrated by graded alcohols, and finally embedded in

paraffin. Tissue sections (5 urn) were cut. adhered to glass slides previously
treated with 3-aminopropyltriethoxysilane (Sigma), and stored at 4Â°Cuntil

used. For in situ hybridization, sections were dewaxed and treated with pro-
teinase K (5 ug/ml) for 30 min at 37Â°C.After proteinase K treatment, sections

were washed twice in PBS (2 min/wash) and dehydrated by graded concen
trations of ethanol. Dried sections were covered with 10 to 20 ul of hybrid
ization buffer containing the RNA probe (1.6 ug/ml; 1 x 1()6cpm/20 ul) in

4-fold SSC (0.06 M sodium citrate:0.6 MNaCl) buffer. 50% deionized forma-
mide, 1% Denhardt's solution (0.05% polyvinylpyrrolidone 40:0.05% Ficoll

400:0.02% bovine serum albumin). 10% dextran sulfate. 100 ug/ml of yeast
tRNA, 100 ug/ml of salmon sperm, and 0.1 M dithiolhreitol. After overnight
incubation al 37Â°Cin a humid chamber, slides were washed once at 37Â°Cin

2-fold SSC buffer containing 50% formamide. once in SCC buffer containing
10 ug/ml of RNase, once in SCC buffer, and once in 0.5-fold SCC buffer (30

min/wash). After washing, sections were dehydrated in graded ethanol and
immersed at 42Â°Cin K5 emulsion (Ilford) diluted 1:4 with distilled water. After
immersion, slides were exposed at 4Â°Cfor 15 to 30 days in a light-tight box.

Sections were incubated in developing solution (DI9. Kodak) for 3 min at
18Â°Cand counterstained with toluidine blue. Epifluorescent UV-light micros

copy was performed with a Dialux 22 EB microscope.

RESULTS

Immunohistochemistrv

Tissue sections of normal, hyperplastic, and neoplastia breast were
examined by immunohistochemistry using a negative control mouse
monoclonal antibody (MARK-1) directed against rat K light chains,

which is isotype matched with the other antibodies used in this study.
No immunostaining was observed with MARK-1 (Fig. 1).

Anti-TSP mouse monoclonal antibodies PIO, PI2, MA-I, and
MA-II showed a similar immunostaining profile for a given tissue

section. However, the intensity of the staining was always weaker with
monoclonal antibodies P12 and MA-II. In addition, the immunostain
ing with PI2 and MA-II was always equivocal (+/-) or negative (-)
on normal breast tissue. Anti-CD36 mouse monoclonal antibodies
FA6-152 and OKM5 gave a similar immunoreactivity for a given

tissue section.

Normal Breast. Benign Lesions, and Borderline Lesions

The expression patterns of TSP1, CD36, and CD51 in normal
breast, benign lesions (cyst disease, fibroadenoma, adenoma), and

Table 2 Breast carcinomas

In situ ductalandlobular
carcinomaInvasive

ductalcarcinoma
NOSInvasive

lobularcarcinomaIn

situ comedo-
carcinoma''Invasive

comedo
carcinoma''Mucinous

carcinomaMedullary

carcinomaInvasive

ductal carcinnrna with
squamous metaplasiaTSP1+++

in basementmembrane;-
in tumorcells+

in 10% oftumorcells+/++

in 40 to 80%oftumor
cells++

in basement
membrane;

- in tumor cells
+/- in tumorcells+/-

in tumorcells+

al periphery of
clusters+

at periphery of
clustersCD36"__+/++

in 30 to40%of
tumorcells-

in tumor cells;

+++ in fibroblasts
surroundingducts--+

in some tumor cells at periphery of
clustersCD5I+/-

in tumor cells, enhancedatperiphery+

in tumorcells.enhanced
at periphery of

clusters+/++

in 40 to 80%oftumor
cells+

in tumor cells enhanced at
periphery+

at periphery of
clusters+

at periphery of
clusters+

in tumor cells, enhanced at
periphery of

clusters+

in tumor cells, enhanced at
periphery of

clusters
" A moderate to strong staining (+/++) was always observed in endothelial cells and in membranes of adipocytes.
h Ductal carcinoma with dominant intraductal comedocarcinoma.
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THROMBOSPONDIN. CD36. AND CDS I IN BREAST CARCINOMAS

Fig. 4. A and B, in situ ductal carcinoma NOS immunostained for TSF; a strong immunostaining is observed in the basement membrane surrounding ducts containing in situ
carcinoma (arrow}, while no staining is noted in tumor cells (arrowhead}. Nonspecific staining is also observed in necrotic cells present in the middle of the duct (asterisk}. Original
magnifications. X 160 and x 500, respectively. C and D. invasive ductal carcinoma NOS immunostained for TSP; few invasive cells are immunoreactive (urrow}. Original
magnifications, X 160 and X 400. respectively. Â£and F. in situ ductal carcinoma NOS immunostained for CD51; staining was weak in the malignant population (arrowhead) and
slightly enhanced at the peripheral layer (arrow}. Original magnifications. X 400 and X 500, respectively. G and H. invasive duclal carcinoma NOS immunostained for CD5I;
immunoreactivity was moderately expressed by neoplastic cells, the staining being more prominent at the cell's periphery (arrow). Original magnifications. X 160 and X SIX),

respectively. / and J, in situ ductal carcinoma NOS immunostained for CD36; immunoreactivity is only noted in endothelial cells (arrow} and adipocytes {arrowhead}. Original
magnifications, X 160 and x 500. respectively. K and L, invasive ductal carcinoma NOS immunostained for CD36; the immunostaining pattern is similar to that observed for in \itii
duclal carcinomas. Original magnifications, x 160 and x 500, respectively.

borderline lesions (atypical ductal hyperplasia, cystosarcoma phyl-

lode) are summarized in Table 1.
Normal Breast Tissue. TSP1 was weakly but consistently found

as a broad pale line in the basement membrane of normal ductules
(Fig. 2A). No evidence of TSP1 was seen in the stroma. Immuno
staining for CD51 (the o\ subunit integrin) was consistently localized
in the basal surfaces of myoepithelial cells, whereas the reactivity was
weaker in luminal epithelial cells of normal ducts (Fig. 2B). No

reactivity in either myoepithelial or luminal epithelial cells was ob
served in any of our samples when using two different antibodies
against CD36 (Fig. 2C). By contrast. CD36 was consistently ex
pressed with variable intensity in endothelial cells and in membranes
of adipocytes (Fig. 2C).

Benign Lesions (Fibroadenoma, Cystic Disease, Adenoma). Im
munostaining forTSPl in fibroadenoma showed a strong immunore
activity in the basement membrane immediately adjacent to the basal
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THROMBOSPONDIN. CD36. AND CDS I IN BREAST CARCINOMAS
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Fig. 5. In situ comedocarcinoma immunostained for CD36. CD36 is strongly expressed in the demarcating layer of fibroblasts surrounding in situ comedocarcinomu (arrow), while
the distribution patterns of TSP and CD51 are similar to those noted in other in situ carcinomas (see Fig. 4). A, original magnification. X 160: B, original magnification, x MX).

surface of myoepithelial cells (Fig. 2D). CD51 was moderately ex- in endothelial cells and adipocytes (Fig. 2F). Asimilar immunoprofile

pressed in both myoepithelial and epithelial cells of ducts associated pattern for TSP1, CD51. and CD36 was retained in cystic disease
with fibroadenoma (Fig. 2E). No immunoreactivity in either myoep- (Table 1). By contrast, in cases of adenomas, TSP1 was strongly

ithelial or luminal epithelial cells was observed with CD36 (Fig. 2F). expressed at the apices of secretory epithelial cells in lactating ducts,
However, as observed for normal breast tissue, CD36 was expressed while the basement membrane was completely negative (Fig. 2G). In

Fig. 6. Invasive lobular carcinoma immunostained for TSP, CD51, and CD36, respectively. Invasive cells in "Indian file" strands are strongly stained for TSP. CDS I. and CD36.
A. C, and Â£',original magnifications, X 160; B, D, and F. original magnifications, X 400.
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THROMBOSPONDIN. CD36. AND CDS I IN BR1-AST CARCINOMAS
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Fig. 7. Specific localization of TSP1 mRNA in normal and neoplastic human breast by in situ hybridization using an antisense probe. A, bright-field lieft) and dark-field (right)
photomicrographs of a section of normal duct demonstrating the silver grains (open arrows) localized over myoepitheliat/epithelial cells. Original magnification, x 250. B, bright-field
(left) and dark-field (ri^/jr) photomicrographs of a section of in situ carcinoma demonstrating the silver grains <upen arrows) localized over myoepithelial cells. Original magnification.
X 250. C, bright-field (left) and dark-field (right) photomicrographs of a section of invasive ductai carcinoma showing the silver grains (upen arnws) localized over fibroblasls. No
hybridization is observed over lumor cells (black arrttws). Original magnification. X 250. D. bright-field (left) and dark-field (right) photomicrographs tifa section of invasive lobular
carcinoma showing the silver grains (open arrows) localized over tumor cells. Original magnification, x 400.

addition, immunostaining for CD51 was negative (Fig. 2H), and a
moderate-to-strong immunoreaction for CD36 was noted at the apices

of luminal epithelial cells (Fig. 21).
Borderline Lesions (ADH, Cystosarcoma Phyllode). The

amount of TSPI surrounding ducts associated with ADH and cystosar-

coma phyllode was consistently increased when compared to normal
breast tissue (Table 1). CD51 was moderately expressed in both my
oepithelial and epithelial cells of ducts associated with ADH, whereas
no staining was observed in cystosarcoma phyllode (Table 1). In
addition to endothelial cells and adipocytes, a strong immunoreaetiv-

ity for CD36 was observed in the demarcating layer of fibroblasts
surrounding hyperplastic ducts associated with ADH (Table 1). On the

other hand, CD36 was only expressed in endothelial cells and in
membranes of adipocytes in cystosarcoma phyllode (Table 1).

Breast Carcinomas

Most of the invasive breast carcinomas studied, predominantly of
the ductai types, were characterized by a desmoplasia which fre
quently remained circumscribed. In desmoplasia, a striking increase in
TSPI immunoreactivity was observed in the stroma surrounding neg
atively stained clusters of malignant cells (Fig. 3/Ã•).while TSPI
immunoreactivity disappeared along the invasive front of the tumor
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THROMBOSPONDIN. CD36. AND CDS i IN BREAST CARCINOMAS

(Fig. 3ÃŸ).By contrast, invasive lobular carcinomas were rather poorly
demarcated and did not show any convincing stromal immunoreac-

tivity for TSP1.
The expression of TSP1, CD36, and CD51 in breast carcinomas

was therefore studied in distal desmoplastic regions where invasive-

ness of normal breast tissue occurs. Results are summarized in Table
2.

Invasive Ductal Carcinomas. In the in situ areas of invasive duc-
tal carcinomas, strong immunostaining for TSP1 was observed in the
basement membrane surrounding ducts containing in situ carcinoma,
while no staining was noted in tumor cells (Fig. 4, A and B). In all
cases of invasive ductal carcinomas studied (n = 20), a weak staining

for TSP1 was observed in 10% of invasive cells (Fig. 4, C and D).
Immunostaining for CD51 in most in situ areas of invasive ductal

carcinomas was weak in the malignant population and enhanced at the
peripheral layer, which could be interpreted as remnants of myoepi-

thelium (Fig. 4, E and F). In invasive ductal carcinomas, CD51 was
moderately expressed by some neoplastic clusters, the immunostain
ing being more prominent at the cell's periphery (Fig. 4, G and //).

No reactivity for CD36 was observed in both in situ and invasive
ductal carcinomas (Fig. 4, / to L). However, as observed in benign
lesions and cystosarcoma phyllode, CD36 immunoreactivity was con
sistently noted in endothelial cells and in membranes of adipocytes.

Invasive Ductal Carcinomas with Dominant Intraductal Come-

docarcinomas. The distribution patterns of TSP1 and CD51 were
similar to those noted in others in situ and invasive ductal carcinomas
(Table 2). By contrast, CD36 was expressed in the demarcating layer
of fibroblasts surrounding in situ comedocarcinomas (Fig. 5), as it has
been previously observed for ADH (Table 1). In invasive comedocar
cinomas, CD36 imunoreactivity was only observed in endothelial
cells and in membrane of adipocytes (Table 2).

Invasive Lobular Carcinomas. In the in situ areas, the distribu
tion patterns of TSP1, CD51, and CD36 were similar to those ob
served in their ductal counterparts (Table 2). However, in the five
cases of invasive lobular carcinomas studied, most of the tumor cells
(40 to 80%) in "Indian file" strands were strongly stained for TSP1

(Fig. 6, A and B) and CD51 (Fig. 6, C and D). Less invasive tumor
cells (30 to 40%) were immunostained for CD36 (Fig. 6, E and F).

Other Invasive Carcinomas (Mucinous Carcinoma, Medullary
Carcinoma, and Invasive Ductal Carcinoma with Squamous
Metaplasia). In mucinous and medullary carcinomas, the distribution
patterns of TSP1, CDS 1, and CD36 were similar to those observed for
invasive ductal carcinomas NOS (Table 2). A similar immunoprofile
pattern was also retained in invasive ductal carcinoma with squamous
metaplasia (Table 2). However, a weak staining for CD36 was
also noted in some invasive tumor cells at the periphery of clusters
(Table 2).

In Situ Hybridization

To further define the source(s) of TSP1 in normal and neoplastic
breast tissues, specific localization of TSP1 mRNA was performed by
in situ hybridization (Fig. 7). With the specific antisense probe, in both
light- and dark-field photomicrographs, there was high-intensity hy

bridization over myoepithelial cells (and luminal epithelial cells?) of
normal ducts (Fig. 1A) and over myoepithelial cells surrounding in
situ carcinomas (Fig. IB). Comparison with hybridization using the
sense probe indicated minimal hybridization over tumor cells in in situ
carcinomas. In invasive ductal carcinomas, there was high-intensity

hybridization over fibroblasts present in desmoplastic areas, while
invasive tumor cells were negative (Fig. 1C). Nonspecific hybridiza
tion gave hybridization to a level similar to that observed for invasive
tumor cells (not shown). In invasive lobular carcinomas, silver grains
were localized specifically over tumor cells (Fig. ID). Because of the
high-intensity hybridization observed over invasive lobular carcinoma

cells, a higher magnification (X400) photomicrograph was used to
localized tumor cells. Nonspecific hybridization with the sense probe
showed several grains over the stroma (not shown).

DISCUSSION

The aim of this study was to investigate the expression of TSP and
two of its cell surface receptors (CD36, CD51) in normal, hyperplas-
tic, and neoplastic human breast. For this purpose, four distinct anti-
TSP monoclonal antibodies (PIO, PI2, MA-I, MA-II) were used in
immunohistochemistry, one of them (MA-II) being specific forTSPl

(33, 37). In addition, a probe specific for TSP1 mRNA (37) was used
by in situ hybridization. We have shown by both immunohistochem
istry and in situ hybridization that, in normal breast tissue, TSP1
mRNA is expressed by mammary epithelial cells and that, despite a
weak immunostaining, TSP1 is incorporated in the basement mem
brane of nonlactating ducts. As previously observed by Wong et al.
(25), immunostaining of normal breast tissue was found negative with
anti-TSP monoclonal antibody PI2. However, in this study, other
anti-TSP antibodies such as PIO give a positive staining for TSP1 in

the basement membrane of nonlactating ducts. Such results might be
explained by the affinity of antibody PI2 for TSP1 which is much
lower than that of PIO (l UMand 10 nM, respectively) (32). Our
findings regarding CD51 expression in normal and hyperplastic ducts
are similar to those of other investigators (30, 31). Its colocalization
with TSP1 in nonlactating ducts suggests that CD51 could serve as a
TSP receptor in myoepithelial cells as it has been reported for endo
thelial and smooth muscle cells (13). In lactating adenomas, both
TSP1 and CD51 disappear from the myoepithelial-stromal junction of

ducts. However, TSP1 becomes selectively expressed at the apices of
secretory epithelial cells of lactating ducts, confirming our previous
findings that TSP is present in breast secretions during initiation of
lactation in humans (23). CD36, which is closely related to mammary
epithelial cell surface protein PAS-IV (26, 28), is also selectively

expressed in secretory epithelial cells. These findings are in agreement
with the presence of PAS-IV in breast secretions during lactation (27).
The fact that both CD36 and PAS-IV bind TSP1 in vitro (28) strongly

suggests that CD36 is a TSP cell surface receptor in lactating ducts. It
seems therefore that the distribution of TSP 1 and the appearance of its
receptors are dependent on the secretory activity of human mammary
ducts.

Immunohistochemical studies performed by Wong et al. (25) and
by ourselves (this study) clearly demonstrate a strong staining for
TSP1 in the basement membrane surrounding in situ carcinomas and
in desmoplastic areas of invasive ductal carcinomas. In addition, TSP1
mRNA has been localized by in situ hybridization in myoepithelial
cells surrounding in situ carcinomas and in fibroblasts present in
desmoplastic areas. On the other hand, few invasive ductal carcinoma
cells (10%) express TSP1, while CD51 is moderately expressed by
some neoplastic clusters, and no immunoreactivity is observed with
CD36. In this regard, it is most conceivable that fibroblasts are re
sponsible forTSPl incorporation in the desmoplastic areas of invasive
ductal carcinomas. This is consistent with the fact that fibroblasts
synthesize and secrete TSP1 and that TSP1 promotes both adhesion
and growth of fibroblasts (2). It has been suggested that desmoplasia
in invasive ductal carcinomas could have a protective effect on tumor
invasiveness and metastasis (38). Increased deposits of fibronectin in
desmoplasia of invasive breast carcinomas are observed, and this
overexpression of fibronectin appears to reflect a low metastatic po
tential of the tumor (39). These findings (2, 25, 38, 39), taken together
with the fact that TSP1 is poorly effective in promoting migration of
human breast ductal carcinoma cells in vitro (16), promptly suggest
that TSP1 in desmoplasia may restrain migration and proliferation of
invasive ductal carcinoma cells in vivo. As opposed to invasive ductal
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carcinoma cells, TSPI is codistributed with CDS I in most of the
invasive lobular carcinoma cells (40 to 80%) and with CD36 in a
subpopulation (30 to 40%) of these invasive tumor cells. Our findings
regarding CD51 expression in invasive ductal and lobular carcinomas
are similar to those of other investigators (30, 31). As discussed above
in the case of lactating adenomas, it is likely that the coexpression of
TSPI and CD36 by invasive lobular carcinoma cells is related to the
secretory activity of these cells. This is consistent with the fact that
lobular carcinomas exhibit a more or less constant and intensive
synthesis of milk proteins in invasive tumor cells (40). However, our
findings are in sharp contrast with those of Wong et al. (25). Using
anti-TSF antibody PI2, the authors reported the absence of TSP im-

munostaining in invasive tumor cells of 2 cases of lobular carcinoma
(25). As discussed above, the extent of TSP immunoreactivity may be
subjected to great variation, depending on the affinity of the anti-TSP
antibodies used. However, whatever the anti-TSP antibody may be, we

always observed an immunostaining in most of the invasive tumor
cells (40 to 80%) (5 cases of lobular carcinoma studied). Moreover,
using in situ hybridization, TSPI mRNA has been clearly located in
invasive lobular carcinoma cells. Interestingly, invasive ductal carci
noma cells do not express CD36, while CD36 and TSPI are codis
tributed in a subpopulation (30 to 40%) of invasive lobular carcinoma
cells. Subsets of invasive lobular carcinoma cells show a conspicuous
increase in expression of a,ÃŸ,and a6ÃŸ,integrins (29, 31). It has been
suggested that the overexpression of these integrins may increase the
capability of these neoplastic subpopulations to bind and to invade
through the surrounding strema (29, 31). Besides its role as a TSP
membrane receptor (21, 22, 28), the function of CD36 has recently
been extended to that of a signal transduction molecule (41). CD36-

mediated signal transduction occurs through autophosphorylation of
protein tyrosine kinases of the src gene family, and the functions of the
CD36-associated ire-related kinases clearly involve regulation of cell

growth and differentiation (41, 42). On the basis of these findings (29,
31,41, 42) and the results presented in this study, the codistribution of
TSP 1 and CD36 in subpopulations of invasive lobular carcinoma cells
could be related to the capability of these tumor cells to invade
through the surrounding stroma. In addition, the absence of expression
of CD36 by invasive ductal carcinoma cells could well explain why
TSPI is poorly effective in promoting migration of these tumor cells
in vitro (16). The significance of CD36 expression in fibroblasts
surrounding ducts associated with ADH and in situ comedocarcino-

mas remains obscure. However, these results further confirm the need
to separate invasive ductal comedocarcinomas from other breast car
cinomas of the ductal type.

Our data do not address the questions of whether other TSPs (TSP2
and TSP3) and other receptors are expressed in normal and neoplastic
human breast. It is likely that a complex set of interactions between
TSPs and their cell surface receptors is required for invasiveness of
breast carcinoma cells. The different distribution of TSPI in invasive
ductal versus lobular carcinomas may well reflect biological differ
ences between these two main types of breast carcinomas. In this
regard, the coexpression of TSPI and CD36 may, in part at least,
account for the variably invasive behavior of lobular carcinoma cells.
By contrast, in the absence of CD36, excessive TSPI deposits in
desmoplasia may restrain invasiveness of ductal carcinoma cells.
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