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The role of adhesion molecules is very important both in the activation of car-
cinogenesis and in the differentiation of subtypes of breast carcinoma, aiding 
in diagnosis, prognosis and therapeutic choice in these tumors. Therefore, un-
derstanding the functions and interrelationships among these molecules is cru-
cial to the pathologist, who often uses these factors as a resource to differentia-
te tumors and further classify them according to a molecular point of view. Our 
goal is to describe the applicability and the difficulties encountered by the pa-
thologist in the diagnosis of breast carcinoma, discussing the most commonly 
used markers of adhesion in routine analyses. 
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introduction
Currently, breast cancer presents as a public health pro-
blem, given its increasing incidence in recent decades, cor-
responding to a major cause of death from cancer among 
women. Statistics indicate an increase in its frequency in 
both developed and developing countries.1 Nevertheless, 
the increasing use of screening methods such as mam-
mography, has allowed the detection of smaller and more 
localized lesions. Furthermore, growing knowledge of tu-
mor biology and the introduction of new therapeutic 
techniques have contributed to the decrease in mortality. 
The improvement of mammography, the use of more con-
servative surgery and the progress made by molecular ge-
netics can be pointed out as some of the significant ad-
vances of the last decade.1

Among the advances achieved using molecular tools, 
we can mention a greater knowledge about the interac-
tion of adhesion molecules with the extracellular ma-
trix and other cells. Thus, important discoveries are 
being made to determine the interrelationships invol-
ved in adhesion, carcinogenesis and progression to me-
tastasis.

Several studies have shown the relationship between 
the expression of adhesion markers, such as E-cadherin 

and P-cadherin, among other adhesion molecules, and 
both poor prognosis and increased metastatic potential 
of breast tumors.2,3

In addition to the cadherins family, other adhesion 
molecules have been studied aiming at understanding 
their role in mammary carcinogenesis in order to asso-
ciate such discoveries with the development of new the-
rapeutic targets. These molecules include the claudins, 
particularly claudin-1 and -2, whose expression in breast 
carcinomas has been correlated with poor prognosis and 
increased cell dedifferentiation capacity (epithelial-me-
senchymal transition).4

We also found a significant role in matrix metallo-
proteinases, a group of hydrolytic enzymes produced by 
tumor cells that can degrade the extracellular matrix and 
adhesion molecules. We report here, briefly, the main ac-
tions of these molecules, providing data often fundamen-
tal to reach a conclusive diagnosis, prognosis and thera-
peutic choice.

Cadherins
Cadherins are a group of functionally related glycopro-
teins, responsible for the calcium dependent cell-to-cell 
adhesion mechanism. They are divided into subclasses 
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E-, P-, and N-cadherins, and are distinct with regard to 
immunological specificity and tissue distribution.5

E-cadherin is a transmembrane glycoprotein that me-
diates calcium-dependent intercellular adhesion and is 
particularly involved in epithelial cell to cell adhesion.6 
This glycoprotein is encoded by the CDH1 gene, located 
on chromosome 16q22.1 and expressed by ductal epithe-
lial cells in breast tissue.7 The absence of E-cadherin re-
sults in loss of adhesion of the cell blocks, increasing the 
potential for invasion, distant metastases and poor prog-
nosis for cancer.8 Due to these characteristics, it is thought 
that this protein would play an important role in tumor 
suppression.9

Studies have shown that aberrant expression of E-ca-
dherin is associated with the acquisition of invasiveness 
and more advanced stages of cancer including lung,10 pros-
tate,11 gastric,12 colorectal13 and mammary carcinoma.14

There is ample evidence of the importance of E-cadhe-
rins to inhibit tumor invasion and metastases: the metasta-
tic potential of various cancer cell lines is inversely related 
to the expression of E-cadherin; high levels of E-cadherin 
in some tumors relate to a smaller number of metastases; 
blocking the expression of E-cadherin increases tumor 
cell motility, invasion and their metastatic potential; and 
finally, increased E-cadherin in breast cancer inhibits cell 
motility and invasion. Jiang et al.15 showed that gamma-
-linolenic acid (GLA) increases the expression of E-cadhe-
rin in many types of human tumor cells, including breast, 
lung, colon, melanoma and liver cancers.

High levels of E-cadherin are associated with an increa-
se in cell aggregation and reduction of cell invasion in vi-
tro. Other substances that, just as gamma linolenic acid, 
increase the expression of E-cadherins are: cis retinoic acid, 
17 beta-estradiol, tamoxifen, relaxin and the rise in serum 
calcium. Even in tumors that do not express E-cadherin, 
GLA regulates cell adhesion mediated by desmosomes, in-
creasing cell to cell adhesion, preventing the cells from loo-
sening with subsequent metastasis.16

The loss of E-cadherin is possibly a transient pheno-
menon, allowing malignant cells to invade tissues and vas-
cular channels. It has been shown that intralymphatic em-
boli in breast carcinomas express this protein strongly, 
suggesting that re-expression of E-cadherin occurs in cir-
culating tumor cells, enabling the neoplastic cells to pro-
duce emboli and survive. Re-expression of E-cadherin also 
makes tumor cells capable of forming metastatic deposits 
by further facilitating cell adhesion in neoplastic cells.9,17

In addition to its important role as a prognostic fac-
tor in carcinomas, E-cadherins are also used as an aid in 
the identification of tumor types, especially to differen-

tiate between ductal and lobular carcinomas; Qureshi et 
al.18 reported the loss of E-cadherin expression in 90% of 
the cases of invasive lobular carcinomas analyzed by them.

P-cadherin is expressed by myoepithelial cells of nor-
mal breast tissue and is aberrantly expressed in a small 
group of breast carcinomas; the expression of this pro-
tein is significantly correlated with tumors of high histo-
logic grade, negative for estrogen receptors.2

The aberrant P-cadherin expression in breast carci-
nomas has been explained as a reflection of histogenesis 
from the differentiation of a precursor cell in a myoepithe-
lial phenotype, or the acquisition of proliferative capacity 
by tumor cells, or due to an oncofetal phenomenon.10,14  
Although not yet well explained, these mechanisms de-
monstrate a strong correlation between the expression of 
this protein, negative results for hormone receptors, tu-
mor aggressiveness and poor prognosis.2,19 P-cadherins are 
always expressed in cells that need to divide and maintain 
an undifferentiated state. This is because, unlike E-cadhe-
rins, the first offers a less stable adhesion between cells, 
promoting cell proliferation.20 Interestingly, the expres-
sion of P-cadherin has been correlated with the deregula-
tion of E-cadherin,14 which has a growth-suppressing role 
in normal epithelium.21 In mammary carcinogenesis, the-
re are several genetic and completely distinct pathways of 
cancer, which may cause different types of tumors. Some 
arise from epithelial estrogen-dependent growth, while 
others, without interference from the action of estrogen 
receptors and expressing P-cadherin, have autonomous 
growth by activating an independent alternative pathway 
of steroid hormones, thus becoming insensitive to the ef-
fects of estrogen action and consequently to drugs that 
block the hormone action.

Claudins
The members of the claudin family of proteins represent 
the majority of the membrane proteins located exclusi-
vely in cell junctions. Claudins have a tissue-specific ex-
pression and regulate the physiological properties of cell 
junctions between tissues. In breast cancers, the loss of 
claudin expression, especially claudin-1 (encoded by the 
CLDN1 gene, located on chromosome 3q28-q29) and -2 
(encoded by the CLDN2 gene, located on chromosome 
Xq22.3-q23) consists of one of the changes that charac-
terize the aggressive phenotype, with worse prognosis and 
few therapeutic options. This protein has been often in-
terpreted as a tumor suppressor gene.22

‘Claudin-low’ tumors are characterized by low or ab-
sent expression of luminal differentiation markers, high 
probability of expression for epithelial-mesenchymal tran-
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sition markers and aspects similar to cancers derived from 
stem cells. Clinically, these tumors show poor prognosis, 
and are negative for estrogen, progesterone and c-erbB-2 
receptors (triple negative).4

Mucins
Mucins are O-glycosylated proteins that participate in 
the mucus protective barrier on the cellular surface of dif-
ferent tissues, and in intracellular signaling. Overexpres-
sion, aberrant intracellular location and changes in the 
glycosylation of this protein have been associated with 
carcinomas. Mucins are classified as Muc 1 to Muc 6; aber-
rant expression in neoplastic cells, mainly related to  
Muc 1 (encoded by the Muc 1 gene, located on chromo-
some 1q21) and -3 (encoded by the Muc 3 gene, located 
on chromosome 7q22), is associated with poor progno-
sis, increased local recurrence rate and lymph node posi-
tivity in breast carcinomas.23,24

Aberrant expression of Muc 1 is reported in invasive 
micropapillary carcinomas, an infrequent and very ag-
gressive histological type of breast cancer. The aberrant 
pattern of Muc 1 expression in this histological type is 
described by several authors25-27 who, contrary to expec-
tations, found the protein by immunohistochemistry at 
the basal edge of the neoplastic blocks. This represents a 
polarity reversal of the neoplastic cells, so that the basal 
portion acquires secretory properties, facilitating the se-
cretion capacity by neoplastic cells of substances respon-
sible for stromal and vascular invasion, which gives the 
tumors greater potential for aggression.

Metalloproteinases
Metalloproteinases (MMPs) are proteins responsible for 
the breakdown of extracellular matrix both in normal 
physiological processes such as embryonic development, 
reproduction, and tissue remodeling, and in disease pro-
cesses, such as arthritis and metastases. Metalloproteina-
ses are divided into four groups: collagenases, stromely-
sins, gelatinases, and metalloproteinases. There are about 
20 MMPs; their nomenclature is indicated by numbers 
such as MMP 1, -3, -8 and -14, which have collagenase ac-
tivity, and they can be produced by tumor cells or fibro-
blasts and macrophages induced by the action of neo-
plastic cells. They act on the collagen molecules by cleaving 
the three different types of α-chain in this protein.16

The first barrier encountered by a tumor cell is the 
basement membrane. To cross it, the neoplastic cells se-
crete type IV collagenase; when they reach the connecti-
ve tissue, they begin to release collagenase types I and III. 
The greater the ability of neoplastic cells to produce such 

enzymes (belonging to the group of metalloproteinases), 
the greater is their invasiveness and metastatic potential.28

In breast carcinomas, expression of matrix metallo-
proteinase-13 (MMP-13, encoded by the MMP13 gene, 
located on chromosome 11q22.3) is found in peritumo-
ral stromal cells and neoplastic cells; their expression was 
not identified in ductal epithelial cells in normal breast 
tissue.28

Experimental studies have shown that MMP-13 could 
be associated with tumor progression. However, its appli-
cability as an independent prognostic marker in breast 
carcinomas is still not clearly established. In a study by 
Zhang et al.,29 MMP-13 was detected in the cytoplasm of 
cancer cells and in peritumoral stroma, both findings be-
ing correlated with lymph node involvement. MMP-13 
expression was also correlated with the expression of Her 
2/neu. High expression levels of this protein in cancer 
cells were related to more aggressive tumor phenotypes 
and decreased survival. Nevertheless, its expression in fi-
broblasts was less significant in this study. Thus, the role 
of metalloproteinases, particularly MMP-13 expressed by 
tumor epithelial cells and fibroblasts, correlates with pro-
gression of mammary tumors, lymph node involvement, 
and reduced survival.29

Several studies have demonstrated the relationship 
between the expression of markers of invasiveness such 
as metalloproteinases, cell proliferation markers such as 
Ki 67, and the role of claudins in poor prognosis and in-
creased metastatic potential of breast tumors.4,22,30

discussion
Carcinogenesis is a complex and multiphase process, de-
pendent on genetic and epigenetic changes that culmina-
te in the emergence of “immortalized” cell clones, which 
acquire a capacity to invade surrounding tissue and me-
tastasize to distant organs.16 However, the development of 
cancer depends on factors other than just genetic or epi-
genetic changes in the affected cells. The tumor has cells 
positioned into the stroma in the tissue of origin, where 
there are defense cells whose function is to eliminate the 
abnormal clone. Despite the individualism of neoplastic 
cells, they interact with their peers through the extracellu-
lar matrix, and with stromal cells (fibroblasts and mast 
cells), innate defense cells and adaptive cells (dendritic cells, 
lymphocytes, macrophages, polymorphonuclear cells and 
eosinophils); this interaction involves sending and recei-
ving more signals, and it is this exchange that results in 
making the environment permissive or not to the progres-
sion of cancer. Therefore, the stroma and its cells actively 
participate in the development of cancer. Mutations in 
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stromal cells of many tumors are frequent, being already 
identified in pre-neoplastic processes.16

On the other hand, the ECM (extracellular medium) 
constitutes a barrier to tumor cells because it lodges and 
produces, after proteolysis, molecules that inhibit cellu-
lar proliferation and angiogenesis, also emitting antipro-
liferative and apoptosis-inhibiting signs by binding their 
components (collagen) with integrins. Thus, the progres-
sion of a malignancy occurs only if the stroma is permis-
sive or becomes permissive due to signals produced by 
the neoplastic cells.31

Other stromal cells such as mast cells and leukocy-
tes interfere with the process of carcinogenesis; mast cells 
release metalloproteinase-activating serine proteases, 
which are essential for the development of initial angio-
genesis. Leukocytes, in turn, infiltrate the tumor stroma 
producing many growth factors (cytokines and chemo-
-cytokines), influencing matrix cells and tumor cells, be-
ing capable of destroying them. The development of the 
neoplasm, therefore, requires the tumor cells to get rid 
of the host’s defense mechanisms.

Proinflammatory cytokines released in inflammation, 
especially in chronic inflammation, play an important 
role in angiogenesis, especially early angiogenesis, which 
ensures the survival of cancer cells and stimulates extra-
cellular matrix degradation, favoring the migration of 
cancer cells. Chronic inflammation works favoring carci-
nogenesis due to the pro-oxidant environment it creates, 
with excess production of free radicals, an increased num-
ber of mutations and facilited genomic instability, con-
ditions associated with neoplastic progression.16

Knowledge of the role of adhesion molecules in the car-
cinogenic process increases every year, with better unders-
tanding of the interaction between molecules and cell-stro-
ma relationship in the process of invasion and metastasis.32 
The loss of function or expression of E-cadherin in epithe-
lial neoplasms has been considered as the main reason for 
breaking the close relationship between cells in epithelial 
tissues, leading to progression of a tumor to an invasive or 
metastatic state.33 On the other hand, the function of E-ca-
dherins is absent in many epithelial tumors, due to muta-
tional inactivation of E-cadherin and of catenins genes, and 
transcriptional repression and proteolysis of the extracel-
lular domain, leading to the conclusion that these and other 
molecules show an important suppressive role in epithelial 
tumorigenesis, including metalloproteinases. P-cadherins, 
in turn, when displaying aberrant expression, correlate with 
breast carcinomas that display high histological grade, poor 
prognosis, and negative result for estrogen receptors, an 
important therapeutic target in breast cancer.

The lack of expression of certain molecules such as 
claudins is associated with a more aggressive phenotype 
that exhibits resistance to initial or adjuvant therapy of-
ten employed, and currently, this expression pattern led 
researchers to identify, within the molecular classifica-
tion of breast tumors, a new subtype called “claudin low”, 
whose biomolecular characteristics are associated with 
carcinomas that display narrow transition between epi-
thelium and mesenchyme.

conclusion
We note that the role of adhesion molecules is of para-
mount importance both in the activation of carcinoge-
nesis and in the differentiation of mammary carcinoma 
subtypes, aiding in the diagnosis, prognosis and thera-
peutic choice in these tumors. Many of these molecules 
can and, in the future, will become therapeutic targets. 
Therefore, understanding the functions and interrela-
tionships among these molecules is crucial to the patho-
logist, who often uses these factors as a resource to diffe-
rentiate tumors and further classify them according to a 
molecular point of view, as well as daily routine.

resuMo

Moléculas de adesão no carcinoma mamário: um desafio 
ao patologista.

O papel das moléculas de adesão é de suma importância 
tanto na ativação da carcinogênese quanto na diferenciação 
dos subtipos de carcinomas mamários, auxiliando no diag-
nóstico, no prognóstico e na escolha terapêutica nessas neo-
plasias. Portanto, a compreensão das funções e das inter-re-
lações entre essas moléculas é de suma importância para o 
patologista, que, muitas vezes, as utiliza como recurso na 
diferenciação dos tumores e, consequentemente, elas auxi-
liam em uma posterior classificação do ponto de vista mo-
lecular. O objetivo é descrever a aplicabilidade e as dificul-
dades encontradas pelo médico patologista no diagnóstico 
de carcinoma mamário, discutindo os marcadores de ade-
sividade mais utilizados na rotina. 

Palavras-chave: moléculas de adesão celular, moléculas 
de adesão juncional, neoplasias da mama.
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