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SUMMARY

The aim of the present study was to study some of the proteins that form the extracellular matrix of 54 benign and malignant
mammary neoplasms in dogs, using histochemical methods: Picrosirius and polarization microscopy for collagenous fibers,
Gordon -Sweats’s method for reticular fibers and Weigert's fucsine-resorcine method for elastic fibers. A large variability in
quantity, distribution and characteristics of the matrix components was observed in the different types of neoplasms. Collagen
type I, lll and elements of the elastic system had different distribution in benign and malignant neoplasms. The simple
Picrossirius method and under polarization enabled visualization of collagen as thick fibers irregularly distributeshrathe str

of carcinomas and in a more orderly and regular fashion in benign neoplasms. A smaller amount of thin fibers was observed in
an irregular and random disposition in carcinomas and in a regular disposition in benign neoplasms . Under polarization, the
fibers present different lengths, were yellowish or reddish and strongly birefringent, what suggested that they were collagen
type | and in the middle of these fibers, other ones, pale, greenish and weakly birefringent, some of them thinner, possibly
collagen type Il were observed. In the stroma of carcinoma, fibers were mostly thick, strongly birefringent, yellowish or
reddish, disposed in an irregular and random fashion, mainly in the central areas. In condrometaplasic areas, both in malignant
and benign neoplasms, there was a collagen population composed by thin fibers in a parallel disposition, limiting nasrow region
where condrocytes were aligned. Around this area, there was a collagen population formed by bundles of thick anastomosed
fibers, irregularly disposed in carcinomas and orderly, in a parallel fashion in benign neoplasms. Under polarizationetmonstra
that this population, among condrocytes, was formed by weakly birefringent fibers, pale and yellowish, what suggested a
collagen type Il pattern. The use of reticular fibers staining by Gordon & Sweats, enabled a visualization of collagen as thin
fibers disposed not only in the dense stromas but also in the loose ones. These fibers presented variable densityput were fou
mainly around acini and tubules. In relation to the presence elements of the elastic system in benign and malignant tumors, it
may be observed that they predominate in the malignant ones, mainly in the pseudocapsule and around acini and tubules.
Elements of the elastic system were not observed in the specimens when they were submitted to Weigert's staining without
oxidation. When the same material was submitted to Weigert's staining with oxidation , oxytalan fibers were more evidently
around acini and tubules, as well as in the pseudocapsule. Elements of the elastic system were in the ECM, both in samples
submitted to staining with oxidation and without it and this was similar for benign and malignant tumors. Results gf this stud
emphasize the profound structural changes in collagenous and fibrous components of the extracellular matrix elastic system of
mammary neoplasms in dogs.
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INTRODUCTION and neovascularizatiéh
Cells of higher multicellular organisms were embedded
n ever growing importance is being attributed téan an amorphous viscoelastic substance, a highly organized
Athe extracellular matrix (ECM) not only in normalmatrix made up of proteins and glycoconjugates. The most
processes, but also in neoplasms. important component of this extracellular matrix is collagen,
The clinical and pathological expression of tumors ibut elastin, proteoglycans, glycosamines, glycoproteins and
a result of the combination of several factors related to tiseveral other proteins responsible for proliferation,
whole population of neoplasic cells, such as proliferatiodiifferentiation, adhesion, migration and cell apoptosis were
invasion and the expression of cell markers, besides otl@#go significantly preseht.
factors directly expressed by the host, such as the More than 20 types of collagen have been described
inflammatory response, macromolecules in extracellular matfartin and Timpl’and Olsen and Ninomiya They were
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chemically, genetically and immunologically different.when transversely ctit. During their development, a
Differences were found in the primary composition of thenicrofibril bundle appears first, followed by amorphous
molecules, in the type of extracellular aggregation and in theaterial which is gradually deposited between microfibrils
capacity of producing - or not - fibrilar structutes until total maturation of elastic fibers is complétdt has
Collagentype |, II, Ill, V and Xl take part in the productionbeen suggested that the three different types of fibers in the
of fibrils, molecules which were ordered in pattern called Yelastic system were a continuous series, which is
They were encoded by homologous genes which presehtonologically initiated, during histogenesis, by oxytalan
multiple exons (more than 50) fibers, followed by the elauninic ones and ended by the
Supramolecular aggregates of triple helix fibrilamature elastic fibers.
collagen usually contain more than one type of collagen and The inter-relationships between the cells of the
each heterotypical fibril is arranged in a different tissue patterstroma with the ECM elements present deep implications in
parallel bands in the tendon; crossed layers in the cornea #mel biology of neoplasms, and may partially explain the
spiral arrangement in lamellar béhe latency periods in carcinogenesis and the establishment of
Fibrilar collagen may interact directly with receptoranetastasis. In a similar way, organic selectivity for the
in the cell surface or indirectly via other components of thestablishment of metastases, in several kinds of tumors, may
extracellular matrix. Each type of inter-relationship of fibrilabe related to certain cell types from the strbma
collagen influences cell behavior and differentiation during Interactions between neoplasic cells and their
embryonic developmetit environment present, therefore, a new paradigm with
Collagen type | is predominantly found in the skinjmportant implications in cancer physiology and therapy.
bones, tendons, dentine, capsule of different organs,
pericondrium and fibrous cartilage. The function of this type MATERIAL AND METHOD
of collagen is to counteract tension. It is made up of two al
chain (1) and ona2 chain (1). It is produced by fibroblasts, Blocks and slides with benign and malignant tumors
osteoblasts, odontoblasts and condroblasts. It forms fibrijg dogs were used in this trial. A total of 54 cases from the
that present average diameter equal to 78nm Montegecords in the Animal Pathology Sector at the Pathology
Junqueird®, with a characteristic evident striated patterrbepartment in Faculdade de Medicina Veterinaria e
These fibrils were frequently found parallel to each otheggntecnia / USP, from 1936 to 1999 were analyzed. Of the 54
forming fibers of 2 to 1@m, the collagen fibers. Eventually, yymours cases, 3 were tubular adenocarcinomas simple, 3
these fibers may group in an orderly fashion, forming gere tubular adenocarcinomas complex,3 were papillary
bundle of collagenous fibers. _ _ “adenocarcinomas simple, 3 papillary adenocarcinomas
_ Collagen type Il is mainly found in hyaline and elastiG:omplex, 3 papillary cystadenocarcinomas simple , 3 papillary
cartilage, corneal stroma and vitreous humor. The momc‘ﬂ?stadenocarcinomas complex, 3 Solid adenocarcinomas
is constituted by threal (11) chains, highly associated 10 simple, 3 solid adenocarcinomas complex, 3 spindle cells ,3
the proteoglycan in the extracellular matrix, what provides i, ,cinous carcinoma 3 anaplastic carcinomas,3 squamous
with great resistance to the pressure to which cartilage WeIScinomas,3 cistadenenomas, 3 adenomas ,3 papillary
submitted®’. This type of collagen is mainly produced by,genomas,3 fibroadenomas, 3 cystic papillary fibroadenomas
condroblasts, and fibrils present average diameter equal to ¢ ts were 5mm thick and were processed by the
20nntt. ) o following identification methods: Picrosirius and polarization
Collagen type Ill is generally found in tissues Ohyicroscopy for collagenous fibétg method for reticular

organs that also contain type | and which require a erxibm)ersm fucsine-resorcine method for elastic fibers.
structure, such as the liver, lungs, skin, spleen, muscles,

uterus, blood vessels, intestine, etc. It is an homotrimerous
of al (lll) chains. Fibrils present average diameter ranging RESULTS
from 0.5to 1.5rm, and correspond to the reticular fibers of

the conjunctive tissdeThis kind of collagen is produced C0||agen systemThe use of the Picrossirius method
by smooth muscle cells, fibroblasts, reticular cells, Schwamathe histological cuts of benign neoplasms and carcinomas
cells and hepatocytés enabled a clear visualization of collagen as thick fibers
Fibers from the elastic system were made up of elasfigegularly distributed in the stroma of carcinomas and in a
fibers, elauninic fibers and oxytalam fibers. Ultrastructurallynore orderly and regular fashion in benign neoplasms.A
elastic fibers in mammals were constituted of a solid Centr@ha”er amount of thin fibers was observed in an irregu|ar
cylinder made up of abundant amorphous and homogene@ig random disposition in carcinomas and in a regular
material - elastin - involved by microfibrils from 10to 12 nmyisposition in benign neoplasms. Few differences in collagen
diameters, which present an electrondense tubular pl’Oﬁ!ﬁ)pL”ation had been observed among the hist0|ogic types
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of carcinomas and among types of benign neoplasias. population composed by thin fibers in a parallel disposition,

Carcinomas present a collagen population mainlymiting narrow regions where condrocytes were aligned.
composed of thick, irregular and randomly distributed fiber&round this area, there was a collagen population formed
in its stoma, which are more evident in the central hyalin®y bundles of thick anastomosed fibers, irregularly disposed
regions. These fibers are disposed as large bands timatarcinomas and orderly, in a parallel fashion in benign
separate groups of tumoral cells or form nests with femeoplasms ( Fig. 1, 2, 4 and 5).
n_eopla_st|c cells. They freql_JentIy surro_und par_t|ally OReticular fibers
discontinuously the neoplastic area. Thick and intensely
colored fibers often accumulated in the apical top were seen ~ The use of reticular fibers staining by Gordon &
around the papillae, directed internally. Around of papillaBweats, in the histological cuts of benign neoplasms and
and internally in the apical top, thick and intensely coloregarcinomas ,enabled a clear visualization of collagen as thin
fibers, often accumulated. The solid areas were formed fipers disposed not only in the dense stromas but also in the
dense stroma cut by long fibers ; anastomosed and intendelyse ones. These fibers presented variable density, but were
colored.The anaplastic areas presented few fine and Idieagind mainly around acini and tubules (Fig. 3).
fibers Iarde_d by_t_hlck and short _f|bers in a irregular anglastic system
randomly disposition, and many times forming rosettes .

Benign neoplasm :Thick collagenous fibers forming Weigert's method with or without oxidation enabled
bundles and in a regular disposition are found around tHee visualization of the fibers in the elastic system. Although
neoplastic area. Fibers surround this area completely. Th@ morphometric evaluation was performed, when elastic
stroma present a few fine and long fibers, larded by thidibers - elauninic and oxytalan - were compwered to reticular
and short fibers, anastomosed and in a parallel dispositioand collagen fibers, it may be observed that the elastic
Neighboring the papillae region, the stroma was denser asibtem is less representative in relation to other matrix
regular, intensely colored fibers were observed in the interrglements.
part of the papillae. In relation to the presence elements of the elastic
system in benign and malignant tumors, it may be observed
that they predominate in the malignant ones, mainly in the

Carcinomas: Thick collagenous fibers formingpseudocapsule and around acini and tubules. Elements of
bundles and in a parallel disposition were found around thige elastic system were not observed in the specimens when
neoplasic area, in a discontinuous fashion. Fibers preséimy were submitted to Weigert’s staining without oxidation.
different lengths, were yellowish or reddish and stronglyWhen the same material was submitted to Weigert's staining
birefringent, what suggests that they were collagen typewith oxidation for evidencing of oxytalan fibers, these
In the middle of these fibers, other ones, pale, greenish agléments were more evidently seen around acini and tubules,
weakly birefringent, some of them thinner, possibly collageas well as in the pseudocapsule.
type Il were observed. In the stroma, fibers were mostly Besides acini, tubules and the pseudocapsule,
thick, strongly birefringent, yellowish or reddish, disposeélements of the elastic system were in the ECM, both in
in an irregular and random fashion, mainly in the centrslamples submitted to staining with oxidation and without it.
areas, many times forming large bands which separate grolgs observation is similar for benign and malignant tumors.
of tumoral cells. Around tubules and acini and in the In anaplastic carcinomas (with low level of
neighboring regions, some thinner, pale and greenish, weallifferentiation), elastic fibers were scant not only in the
birefringent fibers may be observed. pseudocapsule, but also in acini and tubules. In relation to

Benign neoplasms: Thick collagenous fibers forminghe other histological types studied, and after oxidation, a
bundles and in an regular disposition were found around tager amount of oxytalan fibers were seen.
neoplasic area. Fibers were yellowish or reddish and strongly  In the samples of cartilaginous and bone metaplasies,
birefringent, what suggests that they were collagen type |.mo elements from the elastic system could be seen when
the middle of these fibers, other ones, pale, greenish and weaklgining by Weigert's with or without oxidation was
birefringent, some of them thinner, possibly collagen type llperformed ( Fig. 6).

In the stroma, fibers were mostly thick, strongly birefringent,
yellowish or reddish, what makes the tumoral mass present a

Under polarization :

lobular aspect. Around tubules and acini and in the neighboring DISCUSSION AND CONCLUSIONS
regions, some thinner, pale and greenish, weakly birefringent

_ In the observation of condrometaplasic areas, bofjdied. The study of the extracellular matrix in benign and
in malignant and benign neoplasms, there was a collaggf|ignant tumors is comparatively scant, in spite of its
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Figure 1- Photomicrography of anaplastic carcinoma, evidencing areas showing bone metaplasia. Picrosirius method. Magnification: 34
x. Figure 2 - Detail of the previous photomicrography showing bone metaplasia under polarized light. Type | collagen fibers may be
observed in white. Picrosirius method. Magnification: 14Bigure 3 - Photomicrography of anaplastic carcinoma (same neoplasm of

the previous photomicrography), stained by silver. Reticular fibers may be seen in black. Gordon & Sweet staining method.
Magnification:140 x. Figure 4- Photomicrography of solid adenocarcinoma, showing the distribution of the extracellular matrix.
Picrosirius method. Magnification: 140igure 5- Photomicrography of solid adenocarcinoma under polarized light. Type | collagen

in whitish.. Picrosirius method. Magnification: 14@Fgure 6 - Photomicrography of adenoma, stained by Weigert without oxidation,
showing the fibers of the elastic system, mainly around the vessels.Magnification: 140 x.
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importance. This was a great stimulus for the performanaogalignant neoplasms, as well as the diversity of matrix elements
of this trial, using histochemical methods. in the stroma of these neoplasms, the discussion will be divided
Results presented here show the variability in thia categories of neoplasms, their level of differentiation and the
expression of ECM in relation to stroma component studigafesence of cartilaginous and bone metaplasia.
in carcinomas and benign neoplasms. Carcinomas presenta Benign tumors presented less elements of the elastic
collagen population mainly composed of thick, irregular anslystem, mainly around tubules and acini, even when the
randomly distributed fibers in its stroma, which were morspecimens were submitted to oxidation. On the other hand,
evident in the central hyaline regions. This fibers were disposethlignant tumors, even the anaplastic ones, presented more
as large bands that separate groups of tumoral cells or foofrthese elements, when submitted to oxidation. It should be
nests with few neoplasic cells; they frequently surrouneimphasized that, both in the benign and the malignant tumors
partially or discontinuously the neoplasic area. Benigit was almost impossible to observe elastic fibers, mainly
neoplasms presented fibers disposed regularly which givaibund tubules and acini.
alobular aspect. Fibers surround the neoplasic area completely. Based on these results, it may be stated that oxytalan
Under polarization, these fibers were seen as thick, strondilgers were the predominant ones in these well-defined
birefringent and yellow-reddish, which is suggestive offistological regions. Although reports on mammary tumors
collagen type I. It was also possible to observe that, bothimdogs were scant or non-existent, these finding make sense,
carcinomas and benign neoplasms, there was a smahlen the elastosis or periductal hyperplasia described in
population formed by thinner fibers, weakly birefringent, palenammary human neoplasms were considéred
and greenish, mainly around tubules and their neighboring There was almost total absence of fibers from the
region, what is suggestive of collagen type Il pattern. Thesdastic system in the ECM, except in the periacinar and
finding were in agreement with those*hyand with finding peritubular regions. This finding was similar for benign and
for other kinds of tumors (neurinomas, neurofibromasnalignant tumors. No data was found in the specialized
fibromas, osteosarcoméa®) literature in relation to this aspect in mammary tumors in dogs.
In the observation of condrometaplasic areas, both The pseudocapsule of the neoplasms studied were
in malignant and benign neoplasms, there was a collagech in elements. Both in the benign and malignant neoplasms
population composed by thin fibers in a parallel dispositiosubmitted to oxidation in Weigert's method and those
limiting narrow regions where condrocytes were alignedgubmitted to the staining without oxidation presented a solid
Around this area, there was a collagen population formedrangement similar to a string in the pseudocapsule. This
by bundles of thick anastomosed fibers, irregularly dispos@dorphological aspect may be related to the development
in carcinomas and orderly, in a parallel fashion in benigand invasive power of the neoplasm, depending on its level
neoplasms. Picrossirius method together with polarizatiaf differentiation. There were reports in the specialized
demonstrated that this population, among condrocytes, wasrature related to its function in limiting distention and
formed by weakly birefringent fibers, pale and yellowishpreventing the rupture of the capsileThe findings
what suggests a collagen type Il pattern. In the surroundipgesented here, together with the importance of these
layer, there was a population of strongly birefringent fibergrrangements of the elements of the elastic system with the
what is suggestive of collagen type I. Collagen type Il is aollagen fibers in the pseudocapsule enable to infer the
important component of hyaline and fibrous cartilage; it iSmportance of the pseudocapsule in the restraining and
however, difficult to be seen in the optical microscope, fanvasive power of neoplasms.
fibers were very small and difficult to be stained due to the The presence of mainly oxytalan fibers in the peritubular
intense association with proteoglyc®i%?>18 and periacinar regions almost invariably observed in these
The presence of thin argirophylic fibers (typical reticulastructures seem to serve as an anchor or connection for these
fibers) was evidenced by silver impregnation. These fibers foraements with macromolecules in the stroma of the neoplasm.
a supporting net around the tubules in the neoplasms, but teother evidence in favor of this hypothesis is the presence of
present a more irregular arrangement in carcinomas. Ttegicular or collagen type lll fibers in this region.
correspondence between reticular fibers and the thinner, pale,  The larger quantity of these fibers in carcinomas may
greenish and weakly birefringent fibers of collagen Ill, evidencdeke due to the larger rate of matrix degradation by malignant
by the Picrossirius associated to polarization method and toynoral cells. Because of this, a larger quantity of oxytalan
the silver impregnation technique was easily visualized, whigtan of collagenous - collagen type Il - reticular fibers
is in accordance with data found in the specialized literaturgpuld be formed in the matrix of these tunfoAccording
suggesting that reticular fibers were constituted of collagea this author, there is no relationship between the increase
type 11102 in the number of oxytalam fibers and tumor progression.
Because of the complexity of the elastic system and the No fiber of the elastic system was observed in the
considerable number of histological variables in benign astiudy of the elastic system in the cartilage of neoplasms
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ECM in specimens stained by Weigert's method with dibers in fibrocartilage.

without oxidation. These findings were not in accordance Although many macromolecules present in the
with the systematic study of these fibers in fibrous anextracellular matrix should be studied, results obtained here
hyaline cartilage performed8yThis author demonstrated should be used as prognosis values in studies of groups of
the presence of oxytalan fibers in the hyaline cartilage in tpatients and may incentive new studied in order to achieve
ECM around condrocytes; elastic fibers located in the wide characterization of the elements that form the
fibrous layer of the pericondrium and oxytalan and elauninextracellular matrix in mammary neoplasms in dogs.

RESUMO

A finalidade do presente trabalho foi estudar algumas das proteinas fibrilares da matriz extracelular de 54 neoplasias
mama@rias benignas e malignas na espécie canina, utilizando métodos histoquimicos: Picrosirius associado a polarizacéo
para fibras colagenas , método de Gordon - Sweats para fibras reticulares e método de Weigert com e sem oxidagéo para
fibras elasticas. Evidenciou-se na matriz uma grande variabilidade na quantidade, distribuicdo e caracteristicas dos
componentes matriciais presentes nos diferentes tipos de neoplasias. Detectou-se, assim, colageno I, Il e elementos do
sistema elastico, distribuidos diferentemente nas neoplasias benignas e malignas. O método Picrosirius simples e associado
a polarizagao permitiu a visualizagao do colageno sob a forma de fibras espessas distribuidas irregularmente no estroma
dos carcinomas e de modo mais ordenado e regular nas neoplasias benignas e, fibras mais finas, em menor quantidade,
irregularmente e aleatoriamente dispostas nos carcinomas e regularmente nas neoplasias benigna. Sob luz polarizada os
feixes de fibras colagenas , apresentaram diferentes comprimentos, avermelhados ou amarelados e fortemente birrefringentes,
sugerindo serem colageno tipo | e, entremeando as fibras, algumas mais finas ,palidas, esverdeadas e fracamente
birrefringentes, presumivelmente colageno tipo lll. Em areas condrometaplasicas, tanto nos carcinomas como nas neoplasias
benignas notou-se que os feixes colagenos apresentavam-se com fibras finas, paralelas, limitando regides estreitas onde os
condrécitos se aninhavam, e, rodeando esta area, feixes de fibras espessas, anastomosadas, dispostas irregularmente nos
carcinomas e ordenadamente e paralelas nas neoplasias benignas. Sob luz polarizada, essa populagao entre condrécitos
era formada por fibras pélidas e amareladas, sugerindo padréo tipo Il e na faixa circundante, feixes fortemente birrefringentes
sugerindo o padréo do colageno tipo I.. O uso do método - Gordon & Sweats, permitiu a visualizacéo do colageno sob a
forma de fibras finas, dispostas tanto nos estromas densos como nos frouxos, com densidade variada mas, principalmente

, margeando os &cinos e tubulos. Quanto a presenca do sistema elastico em tumores benignos e malignos, verificou-se que
h& predominio dessas fibras nos malignos, principalmente na pseudocépsula e ao redor de acinos e tdbulos. Elementos
do sistema elastico ndo foram observados em espécimes submetidos a coloracdo de Weigert sem oxidagdo. Neste mesmo
material, com oxidacgdo, as fibras oxitalamicas foram mais evidentes principalmente ao redor de &cinos, tubulos e
pseudocépsula. Elementos do sistema elastico na (MEC) foram raros, tanto em amostras com e sem oxidagao. Isto pode
ser observado de maneira semelhante tanto em tumores benignos e malignos. Os resultados deste estudo enfatizam as
profundas alteracdes estruturais dos componentes colagenosos e fibras do sistema elastico na matriz extracelular de
neoplasias mamarias da espécie canina.

PALAVRAS-CHAVE : Neoplasias mamarias. Colageno. Cédes. Matriz extracelular.
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