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A b s t r a c t  The ultrastructural distribution of thrombos- 
pondin (TSP) and its cell surface receptor, integrin CZv, 
was studied in two cases of human breast carcinoma: one 
of ductal carcinoma in situ (DCIS) with an invasive com- 
ponent, and one of invasive lobular carcinoma. In DCIS, 
moderate immunolabelling for TSP and integrin o~ v was 
observed in the rough endoplasmic reticulum and at the 
plasma membrane of intraductal carcinoma cells. TSP 
was also associated with extracellular matrix collagen fi- 
brils surrounding in situ carcinoma cells. In the invasive 
part of this ductal carcinoma, most of the malignant cells 
were negative for TSP, while integrin ~x v was moderately 
expressed in these cells. In sharp contrast, typical strands 
of invasive lobular carcinoma cells in "Indian file" 
showed moderate TSP immunostaining in the rough en- 
doplasmic reticulum and strong immunoreactivity for 
TSP at the plasma membrane and in the extracellular ma- 
trix. Moderate to strong immunoreactivity for integrin ~x v 
was also observed in invasive lobular carcinoma cells. 
Because of the role of TSP during cancer cell invasion, 
the different expression patterns of TSP in invasive duc- 
tal versus lobular carcinoma may well reflect biological 
differences between these two types of breast carcinoma 
and could account for the peculiar diffuse invasive be- 
haviour of breast lobular carcinoma cells. 
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Introduction 

Thrombospondin (TSP) is a 450-kDa extracellular ma- 
trix glycoprotein synthesized and secreted by a wide 
range of cultured cells [6]. TSP has been found to be in- 
volved in a variety of physiopathological contexts, such 
as development, wound healing, atherosclerosis, angio- 
genesis, tumorigenesis and cancer cell metastasis [15]. 
Recently, five distinct genes have been described that en- 
code for four structurally different TSPs (TSP1, TSP2, 
TSP3 and TSP4) and cartilage oligomeric matrix protein 
(COMP) [2]. However, most functional studies have 
been performed with TSP1. The functions of TSP2, 
TSP3, TSP4 and COMP are unknown. During tumori- 
genesis, TSP1 functions by modulating the adhesion, mi- 
gration and proliferation of malignant cells [1, 15], and it 
mediates platelet-tumor cell interactions during metasta- 
sis formation [8, 13, 25]. 

TSP is present in normal breast secretions, and its 
concentration is markedly increased in malignant breast 
secretions [10, 20]. In situ, excessive TSP deposits are 
observed in the basement membrane surrounding intra- 
ductal breast carcinoma (potential precursor of invasive 
cancer), and in desmoplastic areas of invasive breast car- 
cinomas [6, 26]. Moreover, using both immunohisto- 
chemistry and in situ hybridization, we found that the ex- 
pression of TSP varies greatly depending on the type of 
invasive breast carcinoma studied [9]. Few invasive ma- 
lignant cells (10%) express TSP in breast ductal carcino- 
ma, whereas it is expressed by most cells in invasive 
breast lobular carcinoma (40-80%). Alteration of inte- 
grin expression in human breast carcinoma has been re- 
ported by several groups [14, 19, 27], and a conspicuous- 
ly elevated expression of oq~3~ and c~613 ~ integrins is also 
observed in invasive lobular carcinoma cells compared 
with their ductal counterpart [14]. It is well established 
that altered integrin expression contributes to the inva- 
sive and metastatic behaviour of malignant cells [3]. 
Among these integrins, integrin ¢z,,~33 serves as a cellular 
receptor for TSP [16], and its expression is directly relat- 
ed to the tumorigenicity of malignant cells [11]. In order 
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to gain further insights into the differences between these 
two types of  breast carcinoma, the present study was per- 
formed to examine the ultrastructural immunolocaliza- 
tion of both TSP and integrin c% in one case of DCIS 
with some invasive components and in one case of  inva- 
sive lobular carcinoma. 

osmium tetroxide, dehydrated in graded ethanol and embedded "h 
plat" in Epon. Ultrathin sections from representative areas were 
observed without any lead citrate counterstaining. Such counter- 
staining would have masked any specific immunostaining result- 
ing from use of the diaminobenzidine solution. 

Results 

Materials and methods 

Breast tissues 

Tissue from two neoplastic breast lesions was obtained following 
systematized resections. The case of DCIS with invasive compo- 
nents was observed in a 51-year-old woman and that of invasive 
lobular carcinoma, in a 48-year-old woman. These samples were 
immediately processed for transmission electron microscopy and 
for immunoelectron microscopy. 

Transmission electron microscopy 

Tissues from the central part of the tumor were minced into 1 mm- 
thick pieces, fixed for 2 h with 2% glutaraldehyde in 0.1 M sodi- 
um cacodylate buffer, pH 7.4, and washed overnight with 0.2 M 
saccharose (in cacodylate buffer). The material was then postfixed 
for 1 h with 1% osmium tetroxide in 0.15 M sodium cacodylate 
buffer, dehydrated in graded ethanol and embedded in Epon. 
Semi-thin sections (1 gin-thick) were stained with Azur-Methyl- 
ene Blue. Ultrathin sections were obtained with an Ultracut E 
(Leica), counterstained with uranyl acetate and lead citrate, and 
then observed under a JEOL 1200 EX transmission electron mi- 
croscope. 

Antibodies 

The characterization and specificity of anti-TSP mouse monoclo- 
nal antibody P10 has been described earlier [6]. The epitope for 
P10 is located within the type 2 repeats of human platelet TSP1. 
Because of the high homology between TSP1 and TSP2 in type 2 
repeats [2], the antigen immunodetected by P10 has been named 
TSP rather than TSP1. Mouse monoclonal antibody LM 142 di- 
rected against the subunit integrin c% was a gift from Dr. David 
Cheresh (Scripps Clinic and Research Foundation, La Jolla, Ca- 
lif.). Rabbit anti-mouse (RAM) IgG conjugated with horseradish 
peroxidase was obtained from Nordic Immunology (Tebu, 
France). 

Immunoelectron microscopy 

Immunolabelling of breast carcinoma samples was performed pri- 
or to embedding using an indirect immunoperoxidase technique 
previously described [4]. Briefly, specimens (1-2 mm-thick) were 
fixed for 18 h with 2% paraformaldehyde-lysine-phosphate (PLP), 
washed with phosphate buffer, incubated in glycerol/saccharose 
and subsequently frozen in liquid-nitrogen-cooled isopentane. Af- 
ter treatment with 0.2% hyaluronidase to allow permeabilization 
of the extracellular matrix, floated cryostat sections (15-20 gm- 
thick) were treated with 100 mM glycine to allow saturation of al- 
dehydic groups. Following incubation with a blocking buffer 
(10 mM sodium azide, 1% HaO 2, 1% BSA and 1% RAM IgG) to 
inhibit endogenous peroxidases and to avoid non-specific adsorp- 
tions, floated sections were then incubated overnight at 4°C with 
specific antibodies (1 gg/ml). Finally, a rabbit anti-mouse IgG 
conjugated with horseradish peroxidase was added for 90 min and 
the reaction revealed with a solution of 3-3' diaminobenzidine 
(1 mg/ml) in 10 ml of 50 mM Tris buffer, pH 7.6, containing 
0.1 ml of 1% H202. Sections were then washed, postfixed in 1% 

Expression of TSP and Ctvin DCIS associated 
with invasive components 

The peripheral myoepithelial layer usually observed in 
normal ducts was generally absent in carcinoma in situ. 
A few cells with peripheral areas of high density and 
abundant microfilaments were observed and were indica- 
tive of  remnants of myoepithelium (Fig. 1A). The lumen 
of these ducts was filled by a layer of  loosely cohesive 
malignant cells showing a high nucleus-to-cytoplasm ra- 
tio (Fig. 1A). Most of these cells were necrotic, and cal- 
cifications were seen on cellular fragments (Fig. 1A, in- 
set). A basement membrane surrounding ducts filled 
with malignant cells was present in all cases. Its thick- 
ness was irregular, reaching 1-2 gm in places. Microtu- 
bules were localized inside this basement membrane or 
associated at the periphery of the ducts with type I colla- 
gen fibrils. In some ducts filled with malignant cells, 
cells surrounded by a basement membrane were invading 
the underlying extracellnlar matrix (Fig. 1B). 

In invasive ductal areas (IDC), mononuclear stromal 
infiltrates (including inflammatory cells and malignant 
cells) were surrounded by collagen fibrils (Fig. 1C). 
Blood vessels were found adjacent to these clusters. In- 
vasive malignant cells had a high nucleus-to-cytoplasm 
ratio, a well-developed Golgi apparatus and an abundant 
rough endoplasmic reticulum. A basement membrane 
material could be observed surrounding malignant cells 
located at the periphery of the infiltrates in a discontinu- 
ous pattern. The observation of hemidesmosomes dem- 
onstrated the epithelial origin of these invasive cells 
(Fig. 1E). 

Moderate immunolabelling for TSP was observed in 
the rough endoplasmic reticulum, at the plasma mem- 
brane and in the basement membrane of DCIS cells 
(Fig. 2A). In addition, strong immunostaining was asso- 
ciated with type I collagen fibrils present in the extracel- 
lular matrix adjacent to in situ areas (Fig. 2B). The 0% 
subunit integrin was moderately expressed in the rough 
endoplasmic reticulum, in the perinuclear space and at 
the plasma membrane level of  intraductal malignant cells 
(Figs. 2C, D). 

The invasive ductal area contained malignant infiltrat- 
ing cells surrounded by collagen fibrils. Most of these in- 
vasive ductal carcinoma (IDC) cells were negative for 
TSP. In only a few malignant cells TSP was expressed 
faintly in the rough endoplasmic reticulum, These obser- 
vations were in agreement with the previous report [9] 
showing the presence of TSP in only 10% of IDC cells. 
Moderate staining for TSP was also observed at the plas- 
ma membrane level and in the extracellular matrix close 



Fig. 1A, B DCIS: A Some myoepithelial cells (*) were still ob- 
served at the periphery of a duct filled by a layer of malignant 
cells (arrowheads) with evidence of microcalcifications (inset). B 
At the periphery of some ducts filled with malignant cells, cancer 
cells surrounded by a basement membrane (arrows) were invading 
the underlying extracellular matrix. C - E  Invasive ductal carcino- 
ma (IDC): C Clusters of malignant and inflammatory cells were 
surrounded by collagen fibrils (arrows). D Malignant cells had a 
well-developed Golgi apparatus (G), an abundant endoplasmic re- 
ticulum (arrow), and E epithelial junctions (arrowheads) 
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Fig. 2 Localization of thrombospondin (TSP) and integrin c~ v in 
DCIS. A Immunolabelling for TSP was observed in the endoplas- 
mic reticulum (arrowheads), at the plasma membrane (arrows) 
and in the basement membrane (large arrow) of the in situ ductal 
carcinoma cells. B TSP was also associated with type I collagen 
fibrils (large arrow) in the vicinity of malignant cells (*). C, D 
Immunolabelling for integrin c~ v was present in the endoplasmic 
reticulum (arrowhead), in the perinuclear space (large arrow) and 
at the plasma membrane (arrows). E IDC: faint to moderate stain- 
ing for TSP was observed at the plasma membrane (arrow) and in 
the extracellular matrix (*) of invasive malignant cells 

to the invasive components. Moderate immunostaining 
for the c~ v subunit integrin was present in these invasive 
malignant cells. The o~ v subunit integrin was also ob- 
served in endothelial cells and pericytes of  blood vessels. 

Expression of TSP and c~ v in invasive lobular carcinomas 

In invasive lobular carcinomas, typical strands of inva- 
sive cells arranged in Indian file were found surrounded 
by collagen fibrils (Fig. 3A). Blood vessels were found 
in the vicinity of  these strands. A discontinuous base- 
ment membrane was present around the malignant cells 
(Fig. 3B). The invasive lobular carcinoma cells were 
characterized by a high nucleus-to-cytoplasm ratio, a 
well-developed Golgi apparatus and the presence of epi- 
thelial junctions (Figs. 3B, C). No inflammatory cells 
were observed. Moreover, some of these malignant cells 
showed an apical differentiation, delineating a lumen. 

There was only moderate labelling in the rough endo- 
plasmic reticulum (Fig. 4A), but most of  the invasive 
lobular carcinoma cells showed strong imunoreactivity 
for TSP at the plasma membrane and in the extracellular 
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matrix adjacent to these cells (Fig. 4B). The immunola- 
belling for TSP associated with the extracellular matrix 
was always restricted to collagen fibrils located near the 
malignant cells. Moderate to strong immunostaining for 
the av subunit integrin was also observed in invasive lob- 
ular carcinoma cells (Figs. 4C, D). This immunostaining 
was specifically localized in the perinuclear space, in the 
rough endoplasmic reticulum and at the plasma mem- 
brane of these malignant cells. The o~ subunit integrin 
was also present in endothelial cells and pericytes of 
blood vessels. 

Discussion 

In a previous immunohistochemical study we demon- 
strated that TSP was distributed differently in invasive 
ductal and in lobular breast carcinoma, and we suggested 
that these distribution patterns may well reflect biologi- 
cal differences between the two types of breast carcino- 
mas [9]. In the present study, we compared the ultra- 
structural distribution of TSP and one of its receptors 
(integrin C~v) in one case of DCIS (with some invasive 
components) and in one of invasive lobular carcinoma. 
In carcinoma in situ (potential precursor of invasive can- 
cer), immunostaining with TSP antibody in rough endo- 
plasmic reticulum and at the plasma membrane of malig- 
nant cells located at the periphery of ducts clearly dem- 
onstrates that TSP is synthesized and expressed by these 
malignant cells, but not by remnants of myoepithelium, 
as previously suggested [9]. Because of its specific inter- 
action with collagens, TSP is also associated with extra- 
cellular matrix collagen fibrils. This association of TSP 
with collagen fibrils explains the strong staining for TSP 
previously observed in the basement membrane sur- 
rounding carcinomas in situ [9, 20]. The labelling of the 
plasma membrane and of the extracellular matrix could 
be produced by TSP secreted by intersticial cells, but im- 
munolabelling for TSP is never observed in the smooth 
endoplasmic reticulum of malignant cells. This last point 
demonstrates that the presence of TSP in malignant cells 
is not the result of endocytosis. In addition, the c~ v sub- 
unit integrin is codistributed with TSP in intraductal car- 
cinoma ceils. Present findings regarding the distribution 
of o~ v in carcinoma in situ confirm and extend previous 
immunohistochemical findings showing a moderate 
staining for o~ v in breast carcinoma cells [9, 14]. In vitro, 
c~ v functions as a TSP cellular receptor when associated 
with the ~33 subunit integrin [16], and the oncogenicity of 
malignant cells is directly related to the expression of 
C~v~33 [11]. Although the c~ v subunit can be associated 
with several different [3 subunits (~1' ~3' ~5' ~6' ~8) [3, 

Fig. 3A-C Invasive lobular breast carcinoma. A Typical "Indian 
file" strands of malignant cells (arrowheads) were found sur- 
rounded by collagen fibrils (arrows). B Malignant cells had a 
well-developed Golgi apparatus (G), an abundant endoplasmic re- 
ticulum (arrow), a discontinuous basement membrane (arrow- 
head), and C epithelial junctions (large arrow) 
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5], the colocalization of TSP with c~ in in situ carcinoma 
may indicate that the C~v~ 3 integrin is expressed by intra- 
ductal carcinoma cells and binds to TSE 

Interestingly, at the periphery of ducts filled with ma- 
lignant cells, we observed some cells, surrounded by a 
basement membrane, which were invading the underly- 
ing extracellular matrix (see Fig. 1B). Owing to the simi- 
larities between morphogenetic movement of cells and 
the process of malignant invasion, it is conceivable that 
early events of invasiveness occur through a sprouting 
process, as seen during development of the human fetal 
mammary gland when epithelial cells are invading the 
underlying dense mesenchyme [21]. In this respect, TSP 
has anti-adhesive properties [7, 22], and it is found in the 
dense mesenchyme immediately adjacent to the fetal 
mammary sprout and at the membrane of sprouting epi- 
thelial cells that are invading the surrounding mesen- 
chyme [18]. Taken together, these findings suggest that 
TSP deposits in the basement membrane of carcinoma in 
situ destabilize cell-matrix interactions and promote mi- 
gration of intraductal carcinoma cells. Such an assump- 
tion could also account for the results obtained in inva- 
sive carcinoma. Highly localized TSP deposits along col- 
lagen fibrils could destabilize cell-matrix interactions 
and promote migration of invasive breast carcinoma 
cells. This hypothesis is reinforced by the facts that (a) 
TSP inhibits fibronectin-mediated adhesion of MDA 
435s breast carcinoma cells to type I collagen [23], and 
(b) TSP promotes in vitro migration (haptotaxis) of 
MDA 435s and Hs578 breast carcinoma cells [24]. Few 
invasive ductal carcinoma cells express TSE while it is 
expressed by most of the invasive lobular carcinoma 
cells [9]. Invasive lobular carcinoma cells show a con- 
spicuous increase in expression of c~31 and cz6~31 inte- 
grins compared with invasive ductal carcinoma cells 
[14]. It has been suggested that the overexpression of 
these integrins may increase the capability of these neo- 
plastic cells to bind and to invade through the surround- 
ing stroma [14]. Moreover, invasive lobular carcinoma 
cells exhibit a reduced expression of the intercellular ad- 
hesion molecule E-cadherin compared with invasive duc- 
tal carcinoma cells [17]. On the basis of these findings 
[14, 17], taken together with the anti-adhesive [7, 22, 23] 
and haptotatic properties of TSP [24], our results argue 
in favour of a role for TSP during tumor cell dissemina- 
tion in breast cancer and may account for the particular 
diffuse invasive behaviour characteristic of lobular carci- 
noma cells. 

Fig. 4A-D Localization of TSP and integrin o~ v in invasive lobu- 
lar breast carcinoma. A, B Moderate to strong immunostaining for 
TSP was observed in the rough endoplasmic reticulum (*), at the 
plasma membrane (arrows) and in the extracellular matrix (arrow- 
head). C, D Moderate immunoreactivity for integrin c~ v was pres- 
ent at the plasma membrane (arrows) and in the perinuclear space 
(double arrows) 
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