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Summary. The matrix of mammary dysplasia, noninvasive ductal carci-
noma, and invasive lobular and ductal carcinoma was analyzed by indi-
rect immunofluorescence using antibodies to types I, prolll, III, and
IV collagens, and laminin and fibronectin. Types prolll and III collagens
were present in increased amounts in invasive carcinomas and were most
abundant in the “young” edematous mesenchyme, areas corresponding
to the peripheral invasive cellular front. Type I collagen was distributed
throughout the matrix of invasive carcinomas but was most prominent
within the central sclerotic zone of the neoplasms. Mammary dysplasia
and noninvasive ductal carcinomas showed a uniform fibrillar and gran-
ular distribution of all types of collagen. In all but two cases of invasive
carcinoma, staining with anti-laminin and anti-type IV collagen demon-
strated the loss of basement membranes around tumor cells. In contrast,
fluorescence pattern in noninvasive ductal carcinoma and dysplasia re-
vealed an intact basement membrane. The distribution of fibronectin
was similar to types prolll and III collagen.

These findings support and extend our previous studies which sug-
gested an analogy between the dynamics of matrix changes in granula-
tion tissue and invasive carcinomas. These data also strengthen the con-
cept that the myofibroblast could be a pivotal cell involved in the synthe-
sis and redistribution of matricial proteins. The loss of basement mem-
brane in invasive carcinomas appears to be an initial step for inducing
the matricial alterations.
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Ongoing studies by our group have addressed the matter of stromal alter-
ations in carcinoma (Tremblay 1979; Seemayer et al. 1979; Schiirch et al.
1981; Schiirch et al. 1984). Considerable numbers of myofibroblasts (MF)
were noted within the stroma of diverse primary invasive and metastatic
carcinomas, especially those neoplasms which demonstrated desmoplasia
and retraction. We suggested that this matrix alteration might represent
a stromal response directed toward containment of invasive and/or metastat-
ic carcinoma. Studies on the spatial distribution of MF in a series of scir-
rhous mammary carcinomas revealed a striking localization of MF within
these neoplasms (Schiirch et al. 1982). The abundance of MF in edematous
peripheral regions led us to draw an analogy between the matrix alterations
in granulation tissue (Gabbiani et al. 1976) and those observed in invasive
carcinomas. Invasion of tumor cells beyond the basement membrane was
posited to induce transformation of quiescent fibroblasts to contractile fibro-
blasts, i.e., myofibroblasts. The latter, endowed with synthetic properties,
were thought likely to elaborate initially type III collagen. At some point
in the evolution of the neoplasm, we reasoned that type I collagen synthesis
was initiated. It was at this level of conceptualization that the matter rested
in 1982,

This study was designed to investigate the matrix of mammary dysplasia,
intraductal carcinoma, and invasive lobular and ductal carcinoma using
indirect immunofluorescence (IF) microscopy. A semi-quantitative study
of the distribution of types I, prolll, and III collagen by monospecific anti-
bodies was performed in an attempt to demonstrate the dynamics of matrix
changes in these pathologic states. This study was also directed to determine
basement membrane alterations which occurred in these conditions, as
judged by a semi-quantitative study of the distribution of laminin, type
IV collagen, and fibronectin.

Material and methods

Tissues. Specimens were obtained fresh from surgical pathology material at the time of frozen
section. Twenty-eight desmoplastic (scirrhous) ductal and six lobular carcinomas and two
noninvasive intraductal carcinomas were examined. Four samples from normal breasts and
seven cases of mammary dysplasia served as controls. Small portions of each were snap frozen
in liquid isopentane stored at —70° C.

Antisera. The antisera were kindly provided by L’Institut Pasteur de Lyon, France (Laboratoire
de Pathologie cellulaire du foie, CNRS, ERA 189). Antibodies to type I, prollIl, and IV colla-
gens were raised in New Zealand rabbits, as were antibodies to laminin and fibronectin. The
antiserum against type III collagen was prepared in the goat. The preparation and purification
of these antibodies have been described elsewhere (Flejou et al. 1984). The specificity of the
antisera was assessed by ELISA technique, according to Rennard et al. 1980.

Indirect immunofluorescence. Cryostat section were cut at 3-5 y, air dried at room temperature
for 30-45 minutes, washed in phosphate buffered saline (PBS) and fixed in 95% ethanol
for 30 minutes. After several washings in PBS, the sections were incubated for 45 minutes
with antisera at room temperature at the following dilutions:

anti-collagen I 1:4

anti-prolll 1:8
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anti-collagen III 1:4
anti-collagen IV 1:8
anti-laminin 1:8
anti-fibronectin 1:10

Sections were washed in PBS and incubated with a 1:30 dilution of FITC-conjugated
sheep anti-rabbit or rabbit anti-goat IgG globulin for 45 minutes. The sections were mounted
in buffered glycerine. The intensity of fluorescence was compared with sections treated with
normal rabbit serum in lieu of the primary antibodies. Photographs were taken with a Leitz
microscope equipped with epiillumination and specific filters for fluorescein using Daylight
Ektachrome High Speed Color Film. Black and white prints were prepared from color slides.

Histology. Frozen sections of all tissues were stained with toluidine blue for purposes of com-
parison with fluorescence sections.

Results

A. Collagenous matrix

1. Invasive lobular and ductular scirrhous carcinoma. Immunofluorescence
staining for types I, prolll, and III collagen demonstrated diffuse deposits
in the desmoplastic stroma in both forms of invasive carcinomas. The pat-
tern of staining was distinctive: type I collagen was most prominent in the
central hyalinized region and appeared as thick regular strands, either sepa-
rating lobules of tumour cells in ductal carcinomas (Fig. 1a, e) or dissociat-
ing small nests of tumor cells in lobular carcinomas (Fig. 1b). Antibodies
to anti-prolll and III collagen stained bundles of irregular fibrillar fibers,
and showed a strong tendency to dissociate individual tumor cells and stro-
mal spindle cells (Fig. 1¢). The intensity of immunoreactivity for prolll
and ITI type collagen was most intense in the peripheral invasive cellular
front (Fig. 1d, f). The tumor cell cytoplasm failed to react with all three
sera, hence, staining was confined to the extracellular matrix.

2. Noninvasive ductal carcinoma, dysplasia and normal breast. The pattern
of staining was similar with all three anti-sera in intraductal carcinoma.
The three collagens stained as fibrillar bundles surrounding nests of tumor
cells (Fig. 2a—c). Comparatively, there was no difference in staining pattern
in sections from normal or dysplastic breast tissues. The single exception,
a case of sclerosing adenosis, demonstrated strong staining with anti-colla-
gen 1.

B. Basement membrane

1. Invasive lobular and ductular scirrhous carcinoma. All but two cases of
invasive carcinoma were devoid of laminin and collagen IV, even though
positive staining was observed within vessel walls (Fig. 3a) and peripheral
nerve bundles. In one case of invasive lobular carcinoma, type IV collagen
and laminin stained distinctively but irregularly at the periphery of nests
of malignant epithelial cells (Fig. 3b). In another case of invasive ductal



Fig. 1. a Invasive ductular carcinoma. Immunofluorescence staining of type I collagen shows
thick regular fibers separating tumor nests. x 250. b Invasive lobular carcinoma. Type I collagen
is distributed diffusely as fibrillar structures dissociating small nests of tumor cells. x250.
¢ Invasive ductular carcinoma. Fibrillar deposits of prolll collagen are seen within the stroma.
x 250. d Peripheral portion of ductular carcinoma showing a diffuse immunostaining with
anti-prolll collagen. x 250. e Invasive ductular carcinoma. Photomicrograph of the central
portion of the tumor showing nests of tumor cells lying within dense hyalin collagen (cryostat
section stained by toluidine blue x 160). f Invasive ductular carcinoma. Peripheral portion
of the same tumor whose matrix is characterized by a loose young mesenchyme (cryostat
section stained by toluidine blue x 160)
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carcinoma, the staining reaction was regular, delicate, and linear surround-
ing lobules of tumor cells (Fig. 3c).

2. Intraductal carcinoma, dysplasia, and normal breast. Antibodies to laminin
and type 1V collagen revealed a sharp delineation of intraductal carcinoma
and small capillaries localized within the matrix (Fig. 4a). In no instance
was discontinuity of the staining reaction found. Normal breast parenchyma
and dysplastic breast lesions stained in like fashion. Staining was invariably
negative within the cytoplasm of normal or neoplastic epithelial cells
(Fig. 4b).

C. Fibronectin

1. Invasive ductular and lobular carcinoma. The distribution of fibronectin
was variable. In most cases of ductular invasive carcinoma, the staining
reaction revealed a somewhat fibrillar network which appeared brighter
at the periphery of the tumors (Fig. 5a). In contrast, a weak, diffuse, some-
times granular reaction was observed in areas of dense hyaline sclerosis
(Fig. 5b). In one case of invasive lobular carcinoma, the intensity of staining
was striking, particularly in the stromal desmoplastic reaction between indi-
vidual cell nests. Moreover, the pattern was condensed to resemble a basal
lamina-like structure, similar to that seen in dysplastic epithelia. Fibronectin



R. Lagacé et al.

Fig. 2. a Noninvasive ductular carcinoma.
Fibrillar bundles of type I collagen are seen
surrounding lobules of tumor cells. x 250.

b Noninvasive ductular carcinoma.
Immunostaining of collagen fibers with
anti-prollIl collagen. x 250. ¢ Noninvasive
ductular carcinoma (cryostat section stained by
toluidine blue x 160)
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Fig. 3. a Invasive ductular carcinoma. The
immunostaining with anti~type IV collagen is
limited to vessel walls. x 250. b Invasive lobular
carcinoma. Immunostaining with antibody to
type IV collagen shows an irregular but
continuous staining at the periphery of nests of
malignant epithelial cells. x 250. ¢ Invasive
ductular carcinoma. Immunostaining with
anti-laminin antibody shows a delicate and
linear reaction around lobules of tumor cells.

x 250




Fig. 4. a Intraductal carcinoma. Immunostaining with anti-type IV collagen delineates the
areas of intraductal neoplastic proliferation and the small vessels within the matrix. x 100.
b Intraductal carcinoma. The reaction with anti-laminin is restricted to the periphery of tumor
cells nests and vessel walls. There is absence of immunostaining within epithelial cells. x 250

Fig. 5. a Invasive ductular carcinoma. Immunostaining with anti-fibronectin depicts a bright
fibrillar network within the stroma at the periphery of the tumor. x400. b Invasive ductular
carcinoma. The pattern of reaction with anti-fibronectin serum appears diffuse and granular
within dense hyalin areas of the tumor. x 250
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was identified in vascular basement membranes but was absent around
malignant cells.

2. Intraductal carcinoma and dysplasia. In noninvasive carcinoma and dys-
plasia, the distribution of fibronectin was identical. The staining reaction
was intense within the basement membranes of ducts and acini.

Discussion

This study demonstrates that type prolll and III collagens are distributed
throughout the matrix of desmoplastic breast carcinomas and are especially
concentrated at the cellular periphery of the tumors. Such areas are charac-
terized by a loose, edematous cellular “young” mesenchyme. The central
portion of the tumors, histologically poorly cellular and characterized by
dense fibrous retracted tissue, contains all three types of collagen, but pre-
dominantly type I. These observations extend our previous studies which
suggested an analogy between the matrix alterations in granulation tissue
(Gabbiani et al. 1976) and invasive carcinomas (Schiirch et al. 1982). Since
the pivotal role of the MF has been established in the genesis of matrix
changes in granulation tissue, this unique cell could play an equally impor-
tant role in the matrix changes of invasive carcinomas. Such has been pro-
posed by others (Barsky etal. 1982) who, having described an increase
of type V collagen in desmoplastic breast cancers, suggested that collagen
could be produced by the MF. Another immunohistochemical study has
also shown that the stroma of nonscirrhous gastric carcinoma is composed
mainly of type I collagen with lesser amounts of type III collagen (Yama-
moto et al. 1984). Our study reveals a uniform distribution of type I, prolll,
and III collagens in dysplastic breast lesions and noninvasive ductular carci-
nomas. These findings are in agreement with other studies dealing with
breast (Gordenne et al. 1982) and gastric lesions (Yamamoto et al. 1984).

The mechanism by which the matrix changes are induced in invasive
carcinomas is poorly understood. It has been suggested that fibrin deposits
in the periphery of tumors in man and animals might serve as a stimulus
for angiogenesis and desmoplasia (Dvorak et al. 1981 ; Dvorak et al. 1981 a).
The accumulated electron microscopic and immunopathologic data suggest
that myofibroblasts may represent an important element in these matrix
changes.

Our study demonstrates that the loss of basement membrane compo-
nents (laminin and type IV collagen) is associated with tumoral invasion.
Dysplastic Iesions, including sclerosing adenosis, and noninvasive ductular
carcinomas show an intact basement membrane with linear staining of lam-
inin and type IV collagen. In contrast, the majority of invasive lobular
and ductular carcinomas are devoid of immunoreactivity for either basement
membrane component. In only two instances, one case of invasive ductular
and one case of invasive lobular carcinomas, did we observe staining with
antisera against laminin and type IV collagen. Similar observations have
been reported in various types of carcinomas (Burtin et al. 1982; Gusterson
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et al. 1982; Barsky et al. 1983 a; Birembaut et al. 1983; Berger et al. 1984;
Cam et al. 1984). These studies showed that in situ carcinomas are invariably
characterized by a linear staining pattern of laminin and type IV collagen,
whereas microinvasive lesions show fragmentation and disruption of base-
ment membrane components at the invasive front (Barsky etal. 1983a;
Cam et al. 1984). These observations suggest that the lack of basement
membrane components in invasive tumors could reflect either the impaired
synthesis of basement membrane (Kefalides and Denduchis 1969) or enzy-
matic degradation of basement membrane by collagenase (Liotta et al. 1979;
O’Grady et al. 1981; Barsky et al. 1983).

The role and modifications of fibronectin in mammary neoplasia have
been addressed by others (Birembaut et al. 1981; Labat-Robert et al. 1981;
Stenman and Vaheri 1981). It is interesting to note that greater amounts
of fibronectin appear in parallel with types prolll and III collagen in our
study. Wherever types prolll and IIT collagen demonstrate a striking im-
mune staining in loose “young” stroma fibronectin depicts a similar pattern
of reactivity.

This study provides support for the analogy between the dynamics of
matrix changes in granulation tissue and invasive carcinoma. It has been
demonstrated that fibronectin could function as a primary matrix for organi-
zation of connective tissue during tissue repair (Kurkinen et al. 1980). In
granulation tissue, fibronectin appears early concomitant and types prolll,
ITT and T collagen appear a few days later. There is growing evidence that
alterations in the composition of tumor extracellular matrix stem from inter-
actions between neoplastic and mesenchymal cells (Iozzo 1984). The data
obtained in this study enhance the role of the myofibroblast as a host
response to invasive neoplasms and its relationship to the matrix changes.
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